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The  Business   Outlook  For  Engineers 
and  Contractors, 

Turning  from  an  editorial  of  retrospect 
to  one  of  prospect,  we  see  a  period  of 
great  prosperity  for  engineers  and  con- 
tractors beginning  witli  the  new  year  of 
1909. 

The  railways  of  the  country  have  cut  all 
maintenance  and  betterment  expenses  to 
the  bone  during  the  past  15  months,  and 
thej'  are  now  forced  by  the  very  exigen- 

■  cies  of  the  situation  to  "get  busy."  Rail- 
way tonnage  and  earnings  are  again  nor- 
mal. We  should  not  forget  that  just  prior 
to  the  panic  all  the  railway  lines  of  the 
country  were  so  congested  that  James  J. 
Hill,  President  of  the  Great  Northern, 
said  that  $500,000,000  would  have  to  be 
expended  annually  for  many  years  by 
American  railways  to  provide  adequate  fa- 
cilities for  handling  the  traffic. 

The  country  has  recovered  from  the  1907 
panic  in  one-quarter  the  time  required  to 
recover  from  the  panic  of  1893,  due  to  the 
fact  that  conditions  were  wholly  different. 
In  1892  there  was  no  congestion  of  freight. 
In  fact,  railway  building  had  gone  far 
ahead  of  the  actual  demand  for  transporta- 
tion   facilities.      In    the    fore   part   of    1907 

■  "car  famines"  existed  everywhere.  The 
"car  famines"  of  many  roads,  however, 
were  really  track  famines  and  terminal  fa- 
cilities famines.  Practically  all  the  rail- 
way trunk  lines  west  of  the  Mississippi 
were  then,  and  still  are,  single  track  hues, 
and    their   limit    had   been    reached.      It    is 

-  a  certainty,  therefore,  that  the  greatest 
decade    of    railway    construction    that    the 

■  country  has  ever  seen  is  now  about  to  be- 
gin. 

For  every  mile  of  railroad  in  America 
there  are  10  miles  of  wagon  roads 
and  of  these  wagon  roads  not  one 
mile  in  10  is  graveled,  macadamized, 
oiled  or  otherwise  improved.  More 
than  2,000,000  miles  of  these  highways 
await  improvement,  and  it  is  safe  to  say 
that  at  least  $3,000  a  mile  will  be  the  av- 
erage expenditure  upon  the  improvement 
of  these  roads,  or  $6,000,000,000  in  all. 
The  sum  is  staggering,  but  when  we  re- 
member that  not  a  single  unimproved  road 
exists  in  England,  we  have  precedent  suf- 
ficient to  convince  us  that  America  will 
not  wallow  in  mud  or  stifle  in  dust  many 
years  longer.  A  great  era  of  road  build- 
ing has  already  begun.  Last  year  one  firm 
of   contractors  alone  had  $2,000,000   worth 

■  of  road  work  in  New  York  state. 

Two  great  forces  have  been  at  work 
bringing  about  this  road  building  era, 
namely,  the  "state  aid"  laws  passed  within 
the  last  few  years  by  most  of  the  states, 
and  the  wonderful  popularity  of  automo- 
biles. 

Automobiles,  also,  are  responsible  for 
having  created  a  strong  public  sentiment 
for  better  street  pavements.  There  are 
thousands  of  miles  of  unpaved  streets  in 
the  towns  and  villages  of  America,  to  say 
-nothing  of  the  cities.    In  fact  many  a  good 


state  road  ends  at  the  city  limits,  and  the 
street  into  which  the  road  leads  is  a  dis- 
grace to  the  intelligence  of  those  who  re- 
side upon  it.  Civic  pride  will  not  long  per- 
mit the  surface  of  streets  to  remain  in- 
ferior to  the  good  roads  of  the  country 
outside  the  city  or  village. 

It  has  taken  a  decade  to  educate  the  pub- 
lic up  to  a  realization  of  the  perils  that 
infest  poor  drinking  water.  Now,  few  peo- 
ple drink  water  without  thinking  of  mi- 
crobes, if  the  water  looks  at  all  cloudy. 
Appropriations  for  filtration  plants,  new- 
reservoirs,  etc.,  are  therefore  secured  with 
ease  where  they  would  formerly  have  been 
made  to  wait.  Philadelphia,  for  example, 
waited  for  filtration  plants  for  years, 
while  thousands  of  people  died  of  typhoid. 

The  country  enters  upon  an  era  of  con- 
structing water  works  and  sewage  disposal 
plants,  because  the  public  has  at  last  gained 
some  knowledge  of  sanitary  science  and 
knows  that  great  loss  of  life  can  be  pre- 
vented by  better  attention  both  to  the  treat- 
ment of  water  before  it  reaches  the  con- 
sumer and  afterward. 

Not  forgetful  of  the  serious  embarrass- 
ment occasioned  by  freight  congestions  a 
year  and  a  half  ago,  manufacturers  and 
mercantile  houses  of  the  middle  states  are 
making  an  aggressive  fight  for  canals  and 
canalization  of  rivers.  A  similar  agitation 
in  New  York  state  a  short  time  ago  has 
led  to  the  enormous  work  of  virtually  re- 
building the  Erie  Canal  across  that  state  at 
a  cost  of  $100,000,000,  a  work  that  is  now 
in  progress.  When  one  state,  unaided  by 
the  government,  will  undertake  a  mam- 
moth project  of  this  sort,  it  shows  that  the 
attitude  of  business  men  is  unmistakably 
in  favor  of  improving  our  great  water- 
ways. 

Those  who  have  not  been  west  have  but 
little  conception  of  the  magnitude  of  the 
various  irrigation  projects  now  under  way, 
to  say  nothing  of  the  greater  ones  in  con- 
templation and  about  to  be  carried  out. 
The  city  of  Los  Angeles  alone  is  spending 
about  a  quarter  as  much  for  a  new  water 
supply  system  as  the  state  of  New  York  is 
spending  on  its  new  canal.  We  mention 
Los  .'\ngeles  in  this  connection,  for  the 
water  that  it  is  going  to  bring  a  hundred 
miles  through  aqueducts  and  canals  is  to 
be  used  largely  for  irrigation.  Beside  the 
large  irrigation  projects  of  the  U.  S.  Rec- 
lamation Service,  there  are  many  private 
projects  of  enormous  magnitude  in  the  ag- 
gregate. 

Clearly,  then,  there  is  to  be  more  work 
for  civil  engineers  and  contractors  than 
there  has  ever  been  before.  Therefore,  we 
may  all  look  into  the  future  with  cheerful 
hearts  and  well  may  there  be  a  ring  of 
sincerity  in  every  greeting  that  conveys  a 
wish  for  a  happy  and  a  prosperOTis  new 
year. 


Silver  to  the  amount  of  56,514.700  fine 
ounces  was  produced  in  the  United  States 
in  1907.  The  commercial  value  was  $37,- 
299,700. 


Remarks  on  Foreign  Advertising. 

There  are  now  GO  members  of  the  Tech- 
nical Publicity  Association,  all  of  whom 
are  Advertising  Managers  of  firms  engaged 
in  the  manufacture  of  machinery  or  sup- 
plies used  in  the  operation  of  machines. 

The  president  of  the  Association  is  Mr. 
Charles  S.  Redfield,  Adv.  Mgr.,  The  Yale 
&  Towne  Mfg.  Co.,  New  York  City. 

.\t  the  twenty-first  monthly  meeting  and 
dinner  of  the  T.  P.  A.,  held  in  New  York, 
Oct.  8,  Mr.  Redfield  spoke  on  the  subject 
of  "Foreign  Advertising."  Mr.  Redfield 
had  just  returned  from  a  three  months' 
trip  to  Europe,  so  that  his  conclusions  are 
based  upon  a  knowledge  of  conditions  at 
first  hand.  We  quote  i\Ir.  Redfield's  re- 
marks from  the  November  issue  of  the 
T.  P.  A.  Bulletin,  in  part : 

"It  seems  that  the  trade  papers  of  Eu- 
rope can  be  most  justly  dealt  with  by  giv- 
ing them  a  good  'knocking' ;  but,  on  the 
other  hand,  there  is  an  unwritten  law  some- 
where that  'you  should  not  "knock"  or 
"kick''  any  one  who  is  down' — and  the  trade 
papers  of  Europe  may  certainly  be  consid- 
ered 'down,'  and  more  or  less  'out.' 

"It  is  of  course  an  old  saying  that  where 
there  is  a  demand  there  will  be  a  supply, 
and  the  average  business  man  in  Europe 
will  probably  tell  you  that  the  poor  quality 
of  the  supply  is  because  there  is  little  de- 
mand for  good  trade  papers  in  the  various 
industries. 

"To  my  mind,  however,  a  properly  con- 
ducted trade  paper  produces  its  own  de- 
mand, and  then  proceeds  to  fill  it.  Its 
mission  is  a  definite  one  in  America,  and 
its  place  in  the  bus'ness  world  a  definite 
place. 

"The  Germans  have  been  called  the 
'Yankees'  of  Europe  and  I  cannot  express 
myself  too  strongly  in  commending  their 
energy  and  wide-awakeness. 

"Imitation  of  competitors'  goods,  and 
competitors'  methods,  is  keen  everywhere 
(certainly  we  are  used  to  it  in  this  coun- 
try), but  for  slavish  imitation  of  every- 
thing which  promises  to  earn  a  dollar  for 
the  imitator  Germany  has  the  rest  of  the 
world  'skinned  to  death.' 

"The  respect  of  all  the  older  countries  for 
American  ideas  .specially  impressed  me. 

"That  the  trade  paper  performs  absolute- 
ly necessarj'  work  at  home  is  not  a  subject 
to  question :  that  the  trade  papers  in  Eu- 
rope will  in  time  develop  and  become  gen- 
uine influences  for  good  in  their  several 
lines  there  is  also  no  question — but  it  will 
be  a  matter  of  years. 

"At  present  for  any  American  manufat- 
turer  to  attempt  to  use  extensively  the 
trade  papers  of  Europe  to  push  the  sale  of 
his  product  is,  in  my  judgment,  money 
very  poorly  invested ;  except  as  he  may 
have  some  wise  and  careful  agents  in  the 
various  countries  who  are  capable  of  taking 
and  using  a  certain  amount  of  trade  paper 
space;  watching  it  carefully;  loading  the 
paper    with    reading  notices,   and   generally 
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exercising  that  supervision  which  can  only 
be  given  when  close  at  hand." 

To  the  editors  of  Engineering-Contract- 
ing it  has  long  been  apparent  that  the  weak- 
ness of  foreign  trade  papers  may  be  traced 
to  the   fact  that  they  arc  edited  in  the  in- 
terest  of   the  designer  ratlier  than   in   i\w 
interest  of  the  builder  of  the  structure  ui 
user  of  the  machine  designed.    This  is  par 
ticularly   noticeable   in   foreign   papers   that 
occupy  our  own  field  of   civil   engineering 
and    contracting.  .  In   all    Europe    there   is 
not,  so  far  as  wc  know,  a  single  engineer- 
ing   periodical    that    gives    good,    practical 
reading    matter    regularly   on   the    methods 
of  building  engineering  structures  or  oper- 
ating engineering  plants.     As  for  costs  of 
such  building  or  operation— which  are.  after 
all,  the  final  criterion  of  efficiency— no  for- 
eign paper  ever  has  more  than  a  meager 
word  or  two  to  say.    Certain  of  the  better 
foreign  periodicals  do  have  a  good  deal  on 
the   design   of   engineering    structures   and 
plants.     Most  profuse  and  detailed  illustra- 
tions of  the  design  of  a  battleship,  or  a  dry 
dock,  for  e.xample,  will  be  frequently  found 
in  "Engineering"  of  London.     For  the  en- 
gineer or  contractor  who  is  engaged  in  the 
actual    work   of   building   the    ship   on   the 
dock,  there  is  next  to  nothing  in  the  arti- 
cles.    Vet  the  constructing  engineer  and  the 
contractor  are  the  men  who  do  most  of  the 
ordering  or  purchasing  of  machines,  mate- 
rials and   supplies.     In  default  of  a  better 
paper   they  may   subscribe    for   a  leediocre 
periodical,  but  seldom  read  it.    It  cannot  be 
impressed    too    strongly    upon    publishers 
and  advertisers  alike  that  the  true  test  of 
the  advertising  value  of  a  periodical  is  to 
be  found  in  the  kind  of  articles  and  news 
that  it  provides.     If  the  hind   is  not  right, 
then  there  may  be  thousands  of  "readers" 
but    scarcely  a   single   reader   of   the   class 
that  buys  things  advertised. 


The  Carnegie  Institute,  of  Washington, 
D.  C,  is  having  constructed  a  special  ves- 
sel for  use  in  making  an  accurate  magnetic 
survey  of  the  ocean  The  vessel  will  be 
155  feet  long,  33  feit  beam  and  12  feet 
draft  and  barkentinc  rigged.  It  will  cost 
approximately  $125,00n.  It  will  be  pri- 
marily a  sailing  vessel,  but  will  be  equipped 
with  auxiliary  power  to  give  a  speed  of 
six  miles  an  hour.  This  power  will  be 
supplied  by  pas  engines.  The  propelling 
engines,  machinery  and  other  metal  parts 
of  the  craft  will  be  chiefly  bronze.  Man- 
ganese metal  and  gunmetal  will  also  be 
employed.  Every  bolt,  nail,  bar  and  brace 
in  the  vessel  will  be  of  these  materials. 
The  anchors  also  will  be  of  bronze.  There 
is  some  doubt  as  to  whether  the  crank 
shaft  in  the  engine  can  be  constructed  of 
this  metal.  If  it  should  turn  out  that  this 
piece  must  be  of  steel,  it  will  be  the  only 
specimen  of  this  metal  employed  on  the 
entire  vessel.  The  first  voyage  of  the  Car- 
negie will  be  to  the  north,  visiting  Hudson 
Bay  and  Greenland. 


Concrete  and  Reinforced  Concrete  Section 


Note:  This  Section  is  dc\<>ted  to  methods  and  costs  of  constructing  concrete 
and  reinforced  concrete  structures.  It  w  ill  cover  the  selection,  testing  and  pro- 
portioning of  concrete  materials;  laboratory  tests  of  concrete  ;  concrete  mixing, 
transportation  and  placing;  fabrication  and  placing  of  reinforcement,  and  form 
construction  and  erection.  It  will  also  contain  articles  on  new  and  interesting 
developments  in  the  design  of  reinforced  concrete. 


The  Coming    Annual    Convention  of 
the    National  Association    of  Ce- 
ment Users. 

The  annual  convention  ol  the  National 
.\ssociation  of  Cement  Users  will  be  held 
at  Cleveland,  O.,  on  Jan.  11  to  1(1,  1909, 
with  headquarters  and  meeting  room  at  the 
Hotel  Hollenden  and  exhibition  hall  at  the 
Central  Armory,  about  two  blocks  away. 
Judging  from  reports  from  members  and 
from  the  program  of  papers  and  commit- 
tee reports  to  be  presented  the  convention 
should  be  one  of  the  most  successful  in 
the  history  of  the  .\ssociation.  The  appli- 
cations for  exhibition  space  have  been  so 
numerous  that  the  main  floor  and  gallery 
of  the  armory  are  already  taken  up  and 
space  is  being  allotted  in  other  parts  of  the 
building.  This  year  the  exhibits  have  been 
grouped  .md  classified  so  as  to  afford  better 
opportunity  for  study  and  comparison.  In- 
cidentally, it  may  be  noted,  four  prizes  of 
$.50.  $25,  $15  and  $10  will  be  awarded  for 
the  most  attractive,  effective  and  artistic 
arrangement  of  exhibits. 

The  program  contains  many  titles  of  in- 
terest and  the  papers  should  be  of  exceed- 
ing interest  and  value  if  the  promise  of 
their  titles  is  fulfilled  by  the  presentation 
of  real  analyses  of  methods  and  costs.  This 
program  condensed  is  as  follows : 

Cost  and  Value  of  Concrete  Roads,  by 
J.  H.  Chubb,  Chicago,  111. 

Report  of  Committee  on  Streets,  Side- 
walks and  Floors,  by  W.  W.  Schouler, 
Chairman,  Newark,  N.  J.,  presenting  (a) 
Revision  in  Standard  Specifications  for 
Sidewalks;  (b)  Proposed  Standard  Specifi- 
cations for  Concrete  Roads. 

.Annual  Address  by  the  President,  Mr. 
Richard  L.  Humphrey,  Consulting  En- 
gineer,  Philadelphia,  Pa. 

Cost  of  Reinforced  Concrete  Construc- 
tion as  Applied  to  Buildings,  by  Leonard 
C.  Wason,  President,  .\berthaw  Construc- 
tion Co..  Boston,  Mass. 

Comparative  Cost  of  Reinforced  Concrete 
Buildings,  by  Emile  G.  Perrot,  of  Ballingcr 
&  Perrot,  Architects.  Philadelphia,  Pa. 

The  Availability  of  Concrete  for  Bridges 
—Its  Cost  and  Durability,  by  II.  H.  Quim- 
hy.  Engineer  of  Bridges.  Philadelphia,  Pa. 
Cost  of  Reinforced  Concrete  Construc- 
tion as  Applied  to  Bridges,  by  E.  P.  Good- 
rich, Consulting  Engineer,  New  York, 
N.  Y. 

Report  of  Committee  on  Testing  Con- 
crete and  Cement  Products,  by  E.  S.  Lar- 
ned.  Chairman,  Boston,  Mass. 


Ktport  I'i  (..iiimiitttc  on  Cement  Prod- 
ucts and  Machinery,  by  A.  T.  Bradley, 
Chairman,  Rochester,  N.  Y. 

Report  of  Committee  on  Art  and  Archi- 
tecture, by  Charles  D.  Watson,  Chairman, 
Pittsburg,  Pa. 

Decorative  Concrete  Stone,  by  F.  A  Nor- 
ris,  Boston,  Mass. 

Reinforced  Concrete  Residences,  by  B.  A. 
Howes,  Jr.,  New  York,  N.  Y. 

Small  Concrete  Houses— Manufacture 
and  Cost,  by  R.  C.  Knapp,  Philadelphia, 
Pa. 

Monolithic  Concrete  Wall  Buildings- 
Methods,  Construction  and  Cost,  by  Col. 
Robert  H.  .\iken,  Chicago,  111. 

Methods  and  Cost  of  Surface  Finishes 
for  Concrete. 

.Advantages  of  Reinforced  Concrete  for 
Railrrad  Construction,  by  B.  H.  Davis.  As- 
sistant Engineer,  D.  L.  &  W.  R.  R..  Ho- 
boken,  N.  J. 

Cold  Storage  Warehouses  of  Reinforced 
Concrete  Construction,  by  J.  P.  H.  Perry, 
Turner  Construction  Co.,  New  York.  N.  Y. 
The  .Applicability  and  Comparative  Cost 
of  Concrete  and  Reinforced  Concrete  for 
Subway  Construction,  by  Charles  M.  Mills, 
.Assistant  Engineer,  Philadelphia  Rapid 
Transit  Co.,  Philadelphia,  Pa. 

Value  and  Cost  of  Reinforced  Concrete 
for  Retaining  Walls,  by  .\.  Lindau,  Corru- 
gated Bar  Co.,  St.  Louis,  Mo. 

Methods  and  Economy  of  Assembling 
Reinforcement  as  Lnits  Before  Placing  in 
Reinforced  Concrete  Construction,  by  H 
F.  Porter,  Philadelphia,  Pa. 

Report  of  Committee  on  Insurance,  Laws 
and  Ordinances,  by  W.  H.  Ham,  Chairman. 
New  York,  N.  Y. 

Methods  of  .Attaching  Shafting  and  Ma- 
chinery  in   Reinforced  Concrete   Buildings, 
by  Wm.  M.  Bailey,  Chief  Engineer,  Eastern 
Concrete  Construction  Co.,  Boston,  Mass 
\'alue  and  Cost  of  Cement  Inspection. 
Cost  of  Concrete  Telegraph  Poles. 
Cost  of  Waterproofing. 
Cost  of  Concrete  Piles. 
Value  and  Cost  of  Steam  Curing  of  Con- 
crete   Blocks,   by    F.    S.    Phipps.   Manager, 
Central  Stone  Co.,  St.  Joseph,  Mo. 

Ise  and  Cost  of  Cement  Tile  for  Fire- 
proofing  Purposes. 

The  Present  and  Future  of  the  Cement 
Block— Its  Cost,  Manufacture  and  .Avail- 
ability, by  J.  Augustine  Smith,  Ideal  Con- 
crete Machinery  Co..  South  Bend,  Ind. 
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Method   of   Finishing   Concrete    Sur- 
faces by  Scrubbing    Followed  by 
an  Acid  Wash,  With  an 
Estimate  of  Cost. 

The  accompanying  views  show  concrete 
surface  finishes  produced  by  scrubbing,  fol- 
lowed by  etching  with  acid.  As  will  be 
seen  the  scrubbing  and  acid  wash  remove 
the  cement  surface  to  a  depth  which  leaves 
the  aggregates  partially  exposed.  Ordi- 
narily where  a  particularly  uniform  sur- 
face, or  one  of  some  particular  tint  is 
wished  a  surface  facing  1  to  2  ins.  thick 
of  special  mixture  is  employed,  but  the  or- 
dinary concrete  mixture  can  be  so  scrub- 
bed and  etched  if  desired.  A  very  brief 
inspection  of  the  finishes  illustrated  makes 
it  clear  that  attractive  concrete  surfaces  are 
possible  if  one  cares  to  take  the  pains  to 
secure  them. 

The  surfaces  illustrated  were  photo- 
graphed from  laboratory  specimens,  and 
doubtless  exhibit  a  nicer  appearance  in  de- 
tail than  would  be  common  in  actual  con- 
struction, but  the  same  method  of  finish 
has  been  employed  in  actual  construction 
and  very  excellent  results  secured.  The 
materials  used  for  the  finishes  illustrated 
were  not  selected  with  greater  care  than 
is  quite  possible  in  actual  construction. 
For  the  surface  shown  by  Fig.  1  a  1-3  sand 
mixture  was  employed :  the  sand  all  passed 
a  No.  8  and  was  retained  in  a  No.  50  sieve. 
For  the  surface  shown  by  Fig.  2  a  1-3  mix- 
ture was  also  used,  the  sand,  however,  be- 
ing coarse,  it  all  passing  a  No.  4  and 
stopping  on  a  No.  8  sieve.  The  surface 
shown  by  Fig.  3  consisted  of  a  1-3  mixture 
of  %  to  %-in.  pebbles.  Except  in  the  size 
•f  aggregate,  all  these  three  surfaces  are 
identical,  yet  the  variation  in  surface  ap- 
pearance is  most  striking.  These  are  natural 
sand  and  pebble  surfaces,  no  selection  of 
aggregate  beyond  screening  being  resorted 
to.  Figures  4  and  .5  show  results  with 
an  artificial  aggregate — a  crushed  red 
granite.  \  l-"2%  mixture  was  used  in  both 
cases,  but  in  Fig.  4  the  material  was 
screened  to  pass  a  No.  8  and  to  stay  on  a 
No.  16  sieve,  while  in  Fig.  5  regular  com- 
mercial granite  screenings  not  passing  a 
No.  8  sieve  was  used  as  it  came.  The  vari- 
ation in  texture  is  evident ;  in  addition  it  is 
important  to  note  that  the  actual  surfaces 
have  a  tint  or  color,  not  sliown  by  the  en- 
graving, due  to  the  red  granite  aggregate. 
In  the  same  way  other  tints  than  red  can 
be  obtained  by  selecting  other  colors  of 
stone  for  the  aggregate.  Thus  in  Fig.  2  the 
pehl)lcs  are  black,  while  the  cement  bind- 
ing them  has  the  usual  greyish  tint.  In 
this  finish  the  pebbles  ranged  up  to  1%  ins. 
in  size  and  were  screened  from,  all  material 
passing  a  No.  10  sieve.  It  is  not  essen- 
tial, of  course,  that  pebbles  of  one  color  be 
selected ;  the  regular  mixture  coming  from 
the  bank  would  do  as  well  and  by  many 
would  perhaps  be  preferred.  In  short,  it 
is  evident  that  the  variation  in  texture  and 
color  of  finish  indicated  by  these  views  is 


almost  without  limit,  e.xcept,  of  course,  no 
limestone  aggregates  will  stand  the  acid 
treatment. 

The  method  of  treatment  may  be  briefly 
described   as   follows :     While  the  concrete 


chloric  acid  and  2  parts  water.  This  acid 
solution  should  be  left  to  "work"  about 
30  minutes,  and  while  "working"  the  wall 
should  be  rubbed  with  a  very  stiff  vege- 
table  fiber   brush.     As   fast   as  the   etching 


Fig.  1 — Scrubbed   and   Etched  Surface  of   1-3    Fine    Sand    Mortar. 


is  still  green,  the  forms  are  removed  and 
the  surface  is  scrubbed  with  an  ordinary 
scrubbing-  brush  having  stiff  palmetto  fibres 
or  a  wire  brush  may  be  used.     This  brush- 


and  scrubbing  is  completed,  which  result 
must  be  determined  by  the  judgment  of  the 
workman,  the  acid  should  be  washed  off 
with  a  hose.     The  washing  must  be  thor- 


Fig.   2 — Scrubbed   and    Etched   Surface   of  1-3  Coarse  Sand  Mortar. 


ing  should  lay  Ijare  the  aggregate  and  re- 
move enough  of  the  cement  between  the 
particles  to  let  them  project  slightly,  but 
not     enough     tn    make    their    adhesion    to 


ough,  with  plenty  of  water,  otherwise  the 
sediment  will  give  a  blotchy  and  streaky 
appearance  to  the  surface. 

Judgment   is   required  in  doing  the  etch- 
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Fig.   3 — Scrubbed   and    Etched   Surface   of  1-3  Small   Pebble  Mixture. 


the  mass  insecure.  Two  or  three  days 
after  brushing  apply  with  an  ordinary  cal- 
cimining  brush  a  hydrochloric  acid  solu- 
tion composed  of  1  part  commercial  hydro- 


ing  and  washing  if  the  best  results  are  to 
be  secured.  Judgment  is  also  necessary  in 
performing  the  preliminary  scrubbing,  since 
the  cement   must  be   hard  enough   to  hold 
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the  aggregate  lirmly,  and  still  soft  enough 
to  be  readily  removed  by  the  brush  with- 
out excessive  labor.  No  set  time  for  re- 
moving the  forms  can  be  given.  In  hot 
weather   the    forms    can,   as   a    rule,    bo   re- 


to  get  the  desired  effect  is  determined  it 
>hould  be  invariably  adhered  to.  This  is  a 
detail  which  is  often  neglected  and  always 
gives  trouble   when  negleclcil. 

Finishing    by    scrubbing    the    green    con- 


Fig. 


-Scrubbed   and    Etched   Surface   of  1-21/2   Mixture  of  Fine   Granite    Screenings. 


moved  the  day  after  the  concrete  is  placed.  cretc  means  that  the  forms  must  be  readily 

say,  in  "24  hours,  but  in   cold  weather  the  removable.     This  requirement  may  be  met 

period  may  be   from  two  days  to  a  week.  by  setting  the  studding  back  a   few  inches 

The  contractor  must  determine  the   proper  and  using  cleats  and  short  struts  to  hold  the 


Fig.   5 — Scrubbed   and    Etched    Surface   of  1-21/2    Mixture  Coarse    Granite    Screenings. 

time  lor  innisell  ui  c-ach  case.     In  this  con-  lagging   in   place;   removing  the  struts  and 

nection    it    is    important    to    keep    in    mind  cleats    permits    the   lagging    to   be    stripped 

that   uniformity    in   time   of   setting   and    in  oflF   williout    taking   down   the   studs,   which 

results  r^btnincd  will  be  increased  by  adher-  may  be  required  to  hold  the  lagging  above 


Fig.   6 — Scrubbed    and    Etched   Surface   of    1-2'/2    Mixture   of   Coarse    Pebbles. 

ing  to  a  uniform  surface  mi.xture,  that  is,  where  concreting  is  being  done.  The  lag- 
using  always  the  same  brand  of  cement,  ging  used  should  !«•  of  even  thickness  and 
the  same  proportions  and  the  same  sizes  have  good  joints,  but  it  need  not  have  a 
of  aggregate.     Once   the   mixture    required  particularly      fine      finish.        The      lagging 


must  be  well  oiled,  since  it  has  to  be  strip- 
ped while  the  concrete  is  comparatively  soft 
and  the  adhesion,  will  tear  out  pieces  of 
the  green  material.  Ordinary  joint  marks 
and  roughness  are  obliterated  by  the  Anisli- 
ing  treatment,  but  deep  welts  and  cavities 
arc  not,  so  that  the  impression  that  very 
rough. and  crude  form  work  will  do  when 
the  scrubbed  and  acid  finishes  are  used,  is 
erroneous. 

The  placing  of  the  surface  mixture  is  an- 
other feature  of  this  method  of  tinishing 
that  may  not  be  neglected.  The  facing  ma- 
terial should  be  from  1  to  IH  ins.  thick, 
the  remaining  thickness  of  the  work  be- 
ing composeil  of  ordinary  concrete,  but  the 
facing  and  backing  must  be  deposited  at 
the  same  time  so  as  to  make  one  solid  mass 
thereby  ensuring  perfect  bond.  The  facing 
material  may  be  applied  to  the  boards  just 
ahead  of  the  backing  which  is  placed 
against  and  rammed  into  it,  or  the  backing 
may  be  placed  first  and  then  pushed  back 
from  the  form  with  a  spade  and  the  fac- 
ing material  deposited  between  the  back- 
ing and  the  form.  Both  these  methods 
have  been  successfully  used.  .\  third,  and 
possibly  the  best  method  of  placing  the 
facing  material,  consists  of  the  use  of  what 
might  be  called  a  metal  facing  form  or 
mold,  constructed  and  used  as  follows:  To 
3-16  in.  iron  plates  8  or  10  ins.  wide  and 
(5  ft.  long,  three  1  or  1V4  in.  angles  are  riv- 
eted, placing  an  angle  at  the  center  of  the 
plate,  and  one  about  0  ins.  from  each  end. 
One  edge  of  the  plate  should  be  slightly 
flared  to  assist  in  depositing  the  material 
and  this  edge  provided  with  handles.  The 
metal  facing  plate  is  placed  against  the  wall 
form  with  the  handles  up  and  the  .ingles 
tight  against  the  form.  The  space  between 
it  and  the  back  of  the  wall  is  filled  with  the 
concrete  backing  and  the  1  or  1%-in.  space 
l)etween  the  metal  form  and  the  face  form 
is  filled  with  the  facing  material.  The 
metal  form  is  drawn  almost  out  and  after 
thoroughly  tamping  the  backing  against 
the  facing  the  process   is  repeated. 

The  method  of  finishing  concrete  surfaces 
which  has  been  described  is  a  combination 
of  the  scrubbed  finish  used  for  some  years 
in  Philadelphia.  Pa.,  in  all  concrete  work 
requiring  special  treatment,  and  of  the  acid 
wash  finish  so  extensively  used  in  the  con- 
crete work  of  the  Chicago  South  Park 
Commission.  It  has  been  worked  out  in 
the  laboratories  of  the  l.'niversal  Portland 
Cement  Co.,  of  Chicago,  and  the  engrav- 
ings shown  here  are  from  photographs  of 
laboratory  specimens.  Wc  arc  indebted  to 
this  comp.iny  for  the  use  of  these  photo- 
graphs. 

In  studying  the  special  concrete  finish 
described,  the  iguestion  naturally  arises  as 
to  what  its  cost  will  be.  No  figures  of 
cost  were  worked  out  by  the  laboratory 
engineers  of  the  above  company  and  none 
have  yet  been  gotten  from  contractors  who 
have  used  it.  Wc  may,  however,  come  to 
some  idea  of  the  cost  by  analysis.  It  is 
clear   that    such   costs   will   be   made   up  of 
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two  items:  (1)  the  extra  cost  of  the  spe- 
cial mi.xture  used  for  the  surface  coating, 
and  (2)  the  labor  and  materials,  cost  of 
doing  the  scrubbjng  and  etching.  The  first 
item  is  one  that  may  be  quite  easily  com- 
puted when  the  local  prices  of  materials 
are  known.  Regarding  the  cost  of  scrub- 
bing, experience  in  Philadelphia,  covering 
a  large  amount  of  work,  shows  that  it  de- 
pends largely  on  the  hardness  of  the  con- 
crete. When  the  concrete  is  just  right  for 
the  most  effective  work  an  active  man 
will  scrub  100  sq.  ft.  per  hour;*  with  wages 
at  20  cts.  per  hour,  this  gives  a  labor  cost 
of  0.2  ct.  per  sq.  ft.  In  our  issue  of  Dec.  9, 
1908,  itemized  costs  were  given  for  the 
acid  wash  treatment  of  29,395  sq.  ft.  of 
sidewalk  surface;  the  cost  was  1%  cts.  per 
sq.  ft.,  including  acid,  brushes,  labor  and 
10  per  cent  for  superintendence.  Figuring 
from  these  data,  the  cost  of  the  concrete 
finish  described  should  fall  between  2  cts. 
and  3  cts.  per  sq.  ft.,  for  treatment  alone. 
To  this  must  be  added  the  excess  cost  of 
special  facing  mixture  over  ordinary  con- 
crete and  probably  something  extra  for 
form   work. 


A    New    Tilting    Mixer    With    Some 
Novel   Construction   Details. 

The  accompanying  illustration  shows  a 
concrete  mixer  which  has  several  distinc- 
tive constructional  features.  The  drum  is 
all  cast-iron,  is  machined  perfectly  true, 
and  is  flanged  to  protect  the  track  wheels 
from  slopping  or  flying  materials.  The  ends 
of  the  drum  are  dished  outward  or  con- 
vexed  to  project  the  materials  toward  the 
center  and  prevent  slopping.  Each  opening 
.  is  also  closed  against  slopping  by  a  special 
collar  shield.  .Ml  interior  surfaces,  in- 
cluding blades  and  buckets,  are  designed 
with   liberal  curves  to  prevent  clogging  of 


•"Concrete      Construction  —  Methods      and 
Cost."     By  Gillette  and  Hill. 


materials.  The  mi.xing  blades  are  also 
raised  from  the  surface  of  the  drum  to 
allow  for  passage  of  the  cleansing  water. 
There  are  no  bolts  or  rivets  on  the  inside 
of  the  drum. 

Mixing  is  effected  "by  means  of  a  swirl- 
ing motion,  caused  by  the  specially  inclined 
flights  and  elevator  buckets  facilitated  by 
what  may  be  described  as  a  cascade  action 
from  the  shield  of  the  discharge  spout." 
The  machine  will  discharge  any  quantity 
required.  The  discharge  spout  is  station- 
ary and  connects  with  the  interior  by  means 
of  a  tilting  shield.  The  discharge  lever 
can  be  operated  by  the  barrow  men. 

The  main  drive  consists  of  a  sprocket- 
tooth  ring  at  the  middle  of  the  drum,  and  a 
"steel  thimble  roller  chain  belt,"  with  case- 
liardened  bushings  and  pins.  This  drive 
is  claimcd^^  to  require  less  power  than  any 
combination  of  gears.  Steam,  gasoline  or 
electric  power  may  be  employed.  The 
rack  wheels  are  made  of  a  special  mixture 
of  iron  cast  in  ring  chills,  similar  to  car 
wheels,  with  faces  ground  absolutely  true. 

The  frame  is  short  and  wide,  giving  a 
broad  base  with  great  rigidity  to  the  ma- 
chine and  insuring  steadiness  of  operation 
under  all  conditions  of  service  in  the  field. 
It  also  is  of  all  steel  construction.  Steel 
compression  cups  for  lubricating  grease  are 
provided  for  all  wearing  parts,  and  each 
of  these  cups  can  be  adjusted  while  the 
machine  is  in  operation. 

A  standard  hopper  or  superhopper,  the 
latter  holding  the  full  batch,  is  furnished 
when  required.  The  superhopper  is  de- 
signed for  use  wherever  the  material  can 
be  conveniently  charged  in  full  batches 
from  a  higher  level.  A  special  feature  of 
this  mixer  is  the  power  loader  of  steel 
construction,  which  is  filled  at  ground  level, 
from  barrows  or  otherwise,  and  holds  the 
full  batch,  thus  doing  away  with  the  con- 
struction of  a   raised  platform  and  runway 


necessary  where  the  ordinary  standard  liop- 
per  is  used.  This  loader  is  raised  and 
lowered  by  means  of  wire  cable  and  a 
grooved  pulley  suspended  from  a  steel  arm 
extending  above  the  machine,  and  the 
mechanism  is  operated  by  a  simple  friction* 
hoist  thrown  into  action  by  a  lever.  Water 
from  an  adjustably  regulated  supply  tank 
is  drawn  into  the  drum  as  the  loader  is- 
discharged,  bringing  all  the  contents  of  the 
batch  into  position  to  be  mixed  without 
loss  of  time.  By  the  use  of  this  power 
loader  a  large  saving  in  the  cost  of  opera- 
tion can  be  effected  and  the  output  mate- 
rially increased. 

The    mixer    described    is    made    hy    the 
Chain  Belt  Co.,   Milwaukee,  Wis.     - 


An  Automatic   Molding   Machine   for 
Cement  Tile. 

The  growing  favor  with  wliich  cement 
or  concrete  tile  are  meeting  in  farm  drain- 
age work  has  led  to  a  number  of  inven- 
tions of  tile  molding  machines  whicb 
would  operate  as  nearly  as  practicable 
automatically.  In  the  accoiupanying  cut 
we  illustrate  one  of  the  most  substantially 
constructed  of  these  molding  machines. 
This  machine  is  automatic.  With  a  con- 
tinuous mixer,  the  only  hand  labor  re- 
quired is  shoveling  the  sand  and  cement 
into  the  mixer,  and  taking  the  casing  oflT 
the  finished  tile,  placing  them  on  tracks, 
to   be  set  away  to  be  cured,  and  replacing 


A   New  Tilting  Mixer. 


Automatic   Cement-Tile   Molding    Machine. 
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the  empty  casing  back  onto  the  tile  ma- 
■chine,  to  repeat  the  process.  The  machine 
<loes  all  the  rest  of  the  work. 

The  ladder-like  arrangement  at  the  side, 
<arrying  endless  chains  with  two  biicket- 
<onveyors.  is  the  device  for  elevating  the 
-exact  quantity  for  one  tile  of  freshly  mixed 
<oncri-lf.  This  is  dumped  at  the  right  mo- 
tncnt.  falling  into  an  empty  casing,  as  the 
■packing  device  starts  building  or  packing 
it  up  into  the  shape  of  a  tile.  The  various 
cylinders  shown  are  casings  of  metal  which 
give  form  to  the  outside  of  the  tile,  being 
contracted  and  held  in  place  by  a  lock  de- 
vice, and  upon  being  loosed,  allow  the  cas- 
ings to  expand,  and  release  the  finished 
tile. 

To  those  who  arc  familiar  with  machine 
tools  the  construction  may  be  made  fairly 
clear  by  saying  that  the  tile  machine  is 
built  something  on  the  order  of  a  modern 
drill-press,  with  a  central  column  resting 
on  a  solid  cast-iron  base,  and  a  revolving 
spindle  in  place  and  operating  the  packer. 
Around  this  central  column  is  a  circular 
frame  for  holding  six  casings,  which  form 
one  set  for  any  size  tile,  4  to  12  ins.  This 
iramc  is  moved  automatically,  advancing 
step  by  step  around  the  circle  as  the  vari- 
ous casings  are  brought  into  the  operation 
with  the  packer. 

The  device  that  packs  the  freshly  mixed 
•concrete  into  a  thin  cylinder  (or  tile)  con- 
sists of  two  distinct  mechanical  parts  that 
co-operate.  The  first  is  a  revolving  spindle 
"holding  two  cylindrical  packers  that  by 
"their  centrifugal  motion  move  the  soft  con- 
crete outward  against  the  casing  and  press- 
es, or  packs  it  into  a  firm  tile  which  can 
"be  handled  readily  without  injury.  The 
-packer  packs  the  concrete  against  the  cas- 
ing, beginning  at  the  bottom  of  the  casing, 
gradually  receding  upward,  while  a  revolv- 
ing core,  the  exact  size  of  the  tile,  trowels 
-the  inside  smooth.  The  whole  machine  is 
made  rigid  and  strong. 

This  tile  molding  machine  is  known  as 
the  Miracle-Baldwin  Cement  Tile  Machine 
;and  is  manufactured  by  the  Miracle 
Tressed  Stone  Co.,  Minneapolis,  Minn. 


The  steam  shovels  of  the  Pacific  Divi- 
sion of  the  Isthmian  Canal  excavated  115,- 

^53  cii.  yds.  from  the  Canal  prism  during 
November.    The  best  record  for  the  month 

"Nvas  made  by  Shovel  N'o.  222  working  at 
Pedro  Miguel  Locks,  which  excavated 
.'..MJfl  cu.   yds.  of  earth  and  21.312  cu.  yds. 

•of  rock  in  the  23  working  days.     The  best 

-daily  record  was  also  made  by  Shovel  No. 

-222,  which  on  Nov.  18  excavated  2,079  cu. 

■\'ds.  of  rock  and  earth. 


In  his  annual  report  the  Secretary  of 
Interior  states   that   over   3.50,000  acres  of 

'land  have  been  placed  under  irrigation  by 

•the  United  States  Reclamation  Service 
since  1903,  and  that  the  projects  approved 

.amount    to    hundreds    of    thousands    acres 

;additional. 


Earth  and  Rock  Section 


Note:  This  Section  is  devoted  to  methods  and  cost!>  of  excavating;  earth  and 
rock  and  buildin<;  cmbankinenls.  It  will  cover  the  grading  of  roads  and  rail- 
roads, diking  and  canal  work,  dredgint;,  building  reserxoirs  and  earth  dani.s, 
sewer  and   water  pipe  trenching,  quarrying,  etc. 


Methods  and  Costs  of  Rock  Excava- 
tion and  Washing  Gravel  for  a 
Concrete  Dam. 

BY    WM.    C.    STEELE. t 

The  work  described  in  this  article  was 
done  in  connection  with  the  building  of  a 
hollow  concrete-steel  dam  of  the  Ambursen 
t\pe  for  the  Big  Horn  River  Co.,  on  the 
Big  Horn  River,  at  the  entrance  to  a  nar- 
row canyon,  about  20  miles  from  Shosone, 
Wyo. 

The  widening  of  the  canyon  and  excava- 
tion for  foundation  necessitated  the  re- 
moval of  a  slice  from  the  east  face  of  the 
cliff  of  1,.500  cu.  yds.  of  diorite — one  of  the 
hardest  of  rocks.  This  was  somewhat  more 
than  was  necessary  for  the  actual  design  of 
the  dam,  but  it  was  necessary  to  back  to  a 
slip.  The  bottom  excavation  was  partly 
solid  diorite,  partly  loose  boulders  of  all 
sizes,  and  sand  and  gravel — a  somewhat 
difficult  combination  to  handle.  It  amount- 
ed to  about  3,500  cu.  yds. 

A  trestle  was  run  from  the  east  bank  of 
the  river  to  a  portion  of  the  dam  on  the 
west  side,  completed  last  year  under  other 
management.  The  material  was  loaded  into 
one  yard  skips  and  dumped  by  a  double 
down-swing  gear  derrick,  through  a  double 
hopper,  located  on  the  west  end  of  the 
trestle,  into  1%  cu.  yd.  side  dumpers,  and 
hauled  across  by  a  single  horse  to  the 
dump.-  The  haul  approximated  400  ft.  Thus 
one  car  was  in  place  for  loading  under  one 
hopper  while  another  was  being  hauled  to 
the  dump  and  back.  The  trestle  is  150  ft. 
in  length  and  for  most  of  its  length  35  ft. 
in  height.  It  is  designed  for  a  concentrated 
load  of  5  tons,  as  it  will  be  used  for  the 
transportation  of  machinery.  It  cost  $236 
for  labor  and  materials.  Some  salvage 
lumber  was  used  in  its  construction. 

.\nother  derrick,  located  on  the  east  bank 
of  the  river,  dumped  into  a  hopper  on  the 
north  end  of  the  dump  itself,  and  the  cars 
were  pushed  by  hand  to  the  dump.  The 
hoppers  were  roughly  made  of  Cottonwood 
logs,  braced  by  2.\6  in.  braces,  and  were 
designed  to  save  wear  and  tear  on  the 
cars,  which  would  be  occasioned  by  the 
landing  of  the  skips  directly  on  the  cars ; 
they  also  gave  a  larger  margin  of  area 
upon  which  to  land  skips.  The  level  of  the 
dump  was  about  .50  ft.  alxive  excavation. 

Five  laborers  attended  to  the  disposal 
of  m.iterial  from  both  derricks,  the  horse 
and  the  dump,  which  had  to  be  somewhat 
carefully  run  on  account  of  space  restric- 
tions. 

The  track  is  2-ft.  gage  and  stub  switches 
arc  used. 


tShoahori.'.    Wyoming. 


In  Gillette's  "Rock  Exca\ation— Meth- 
ods and  Costs,"  it  is  stated,  "wages 
were  high,"  in  speaking  of  paying  $3  for 
drillers  (machine).  The  following  wages 
were  paid  per  day  of  10  hours.  The  dam 
was  built  in  a  mining  country  with  an  es- 
tablished rate  of  50  cts.  per  hour  for  ma- 
chine men  ;  it  is  impossible  to  get  them  for 
less,  and  men  brought  from  outside  imme- 
diately demand  the  local  rate. 

Per  day 
10  hours. 
.Machine  drillers  S  5.00 

Derrick  runners  5.00 

Blacksmiths  ...  5.00 

Carpenters  4.00 — 5.00 

Foremen    5.00 — 6.00 

White  labor  3.00-3.50 

Bulgarian  labor  2.00 

Coal  cost  $10  per  ton  on  the  work.  There 
is  no  wood  to  be  had  in  this  locality.  Ce- 
ment cost  $1.10  per  sack,  or  $4.40  per  bbl.. 
and  all  freight  cost  40  cts.  per  100  lbs.  to 
haul  from  Shoshone  to  the  work. 

The  following  is  an  analysis  of  the  cost 
of  rock  excavation  for  November,  1908. 
This  excavation  was  practically  all  diorite. 

Per  cu.  yd. 

i-orcmcn    $0,038 

Derrick  runners  and  signalmen 0.078 

Drilling,  loading  and  firing  shots....  0.114 
Mucking,  loading  and  dumping  cars..  0.18 
Repairs  and  maintenance  of  plant  and 

equipment,   labor    0.(M.3 

Repairs  and  maintenance  of  plant  and 

equipment,  supplies 0.018 

Powder,  caps,  fuse  and  exploders. .. .  0.035 

Powder  0.268 

Proportion   blacksmith   shop,   sharpen- 
ing picks  and  drills,  misc 0.045 

Proportion   superintendence  and   time- 
keeping  .  0.031 

Total    .  $">.85 

Last  year  the  problem  ot  aggrcK.ite  for 
concrete  presented  serious  difficulties.  No 
satisfactory  sand  was  to  be  found.  The 
sand  to  be  obtained  is  a  fine  quicksand,  ut- 
terly unsuitable  for  concrete.  The  aggre- 
gate for  the  concrete  was  crushed  diorite 
.ind  sand  made  from  the  same  by  the  regu- 
lation s.ind  rolls.  The  cost  was  prohibitive. 
The  extreme  hardness  and  toughness  of  the 
diorite  making  the  cost  of  crusher  jaws 
alone  average  $.10  for  every  24  hours  run. 

This  year  a  natural  gravel  deposit  was 
discovered  nearby,  which  contains  an  al- 
most ideal  mixture  of  graduated  sizes.  It 
was  found,  however,  that  it  also  contained 
a  considerable  percentage  of  loamy  clay, 
which  must  be  washed  out.  For  this  pur- 
pose a  rotary  washer  was  designed  by  Mr. 
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F.  W.  Hart.  Chief  Engineer  of  tlie  Big 
Horn  Power  Co.,  and  the  same  placed  on 
a  hillside  below  the  road  leading  from  the 
gravel  pit.  Below  the  washer  a  large  stor- 
age bin  was  built.  Water  was  supplied  by 
a  4-in.  centrifugal  pump,  located  at  the 
river  bank  below. 

The  operation  was  as  follows :  The 
gravel  was  loaded  into  carts  and  hauled  to 
the  washer,  where  it  was  dumped  directly 
into  the  hopper  of  the  washer,  discharging 
into  the  large  bin  below.  When  the  pile 
grew  larger  and  spread  a  mine  car  of  1 
ton  capacity  was  installed  and  the  track 
for  same  thrown  or  extended  as  it  became 
necessary.  The  car  for  loading  ran  directly 
under  the  discharge  of  the  washer.  A 
small  hopper  fitted  with  a  sliding  door  held 
the  material  during  the  time  the  car  was 
out  dumping.  Two  men  attended  to  the 
dumping  of  carts  and  feeding  the  washer: 
two  handled  and  dumped  the  car;  one  load- 
ed and  dumped  the  tailings  (pebbles  over  2 
in.),  and  there  was  one  man  attending  to 
the  track,  trimming  dump  and  assisting 
generally. 

The  cost  per  yard  was  as  follows : 

Per  cu.  yd. 

Foremen   $0,039 

Engineers  and  firemen 0.042 

Loading  carts   0.185 

Haul  fcart  and  driver) 0.128 

Feeding  washer   0.037 

Handling  and  dumping  car 0.047 

Handling  and  dumping  tailings 0.031 

Repairs  and  maintenance  of  plant  and 

equipment,  labor    0.04 

Repairs  and  maintenance  of  plant  and 

equipment,  supplies  0.017 

Interpreter   0.029 

Power    0  2,5 

Proportion     of     superintendence     and 
timekeeping   0.034 

Total    $0,870 

The  cost  of  both  the  rock  excavation  and 
washing  gravel  include  every  possible 
charge.  e.xcept  the  proportion  of  general 
expense  (Chief  Engineer  and  office)  and 
interest  and  depreciation  of  plant. 

To  add  to  the  difficulty  of  construction 
here,  on  account  of  the  height  of  the  river 
at  other  seasons,  it  is  necessary  that  the 
work  be  done  in  the  winter,  in  a  tempera- 
ture ranging  from  freezing  to  20°  or  30° 
below  zero. 


The  forests  of  the  United  States  now 
cover  about  550  million  acres,  or  about 
one-fourth  of  the  land  of  the  whole  coun- 
try. The  original  forests  covered  not  less 
than  850  million  acres,  or  nearly  one-half. 
The  forests  owned  by  the  government  cov- 
er one-fourth  of  the  total  forest  area,  and 
contain  one-fifth  of  all  timber  standing. 

There  were  actually  employed  on  the 
Isthmian  Canal  work  on  Nov.  30,  23,964 
persons.  Of  this  number  4,151  were 
"gold"  employes  and  19,803  were  '•silver." 


The  Equipment  of  an  Electric  Power 

Shovel,  Together  with  Some 

Cost  Records. 

For  quite  a  number  of  years,  power 
shovels  operated  by  electricity  have  been 
in  successful  operation  in  different  sections 
of  the  country,  for  such  work  as  digging 
ballast  for  electric  railways,  dry  placer 
gold  mining,  etc.,  but  until  recently  no  ac- 
curate records  of  the  cost  of  work  done 
by  such  shovels  has  been  attainable.  We 
are,  however,  able  to  present  herewith 
some  accurate  records  of  work  done  by 
one  of  these  shovels  for  the  Chautauqua 
Traction  Co.,  Jamestown,  N.  Y.  This  com- 
pany is  using  the  s':ovel  for  digging  ballast 
for  their   road. 

The  shovel  complete  weighs  about  40 
tons.  The  car  body  is  27  ft.  long  by  6  ft. 
8  ins.  wide  and  is  mounted  on  standard 
railroad  wheels.  It  is  equipped  with  IV^  cu. 
yd.  dipper,  which  has  a  clear  height  of 
lift  with  door  open  of  12  ft.  It  will  make 
a  cut  at  level  of  rails  of  26  ft.  and  will 
dump  out  21   ft.  6  in<:.  either  way  from  the 


its  maximum  safety  power,  thus  prevent- 
ing any  harm  to  the  motor.  The  important 
feature,  however,  is  the  series  overload  re- 
lay with  which  each  motor  is  also  equip- 
ped, and  which  is  to  the  motor  what  a  gov- 
ernor is  to  a  steam  engine.  .\s  soon  as 
the  dipper  meets  any  obstruction  in  the 
shape  of  hard  material  or  boulders,  which 
would  have  a  tendency  to  stall  the  motor, 
this  overload  relay  automatically  relieves 
the  motor  of  the  excess  current  and  pre- 
vents it  being  overloaded  or  burned  out,  no 
matter  what  the  conditions  of  service  are. 
.\nother  objection  to  the  electric  shovel 
IS  in  connection  with  the  swinging  motor, 
as  when  the  crane  or  boom  of  any  shovel  is 
being  swung  it  acquires  a  momentum 
which,  if  not  checked  in  some  way,  causes 
it  to  drift  around  too  far,  making  it  liable 
to  do  considerable  damage  to  the  structural 
part  of  the  shovel.  On  a  steam  shovel  this 
drifting  motion  is  counteracted  by  slightly 
reversing  the  engines.  The  steam  acts  as  a 
cushion  and  allows  the  crane  to  swing 
around  easily  for  the  last  few  feet  of  the 
swing,   when   a   little  more   steam  admitted 


steam   Shovel    Equipped  for  Operation    by    Electric    Power. 


center  of  the  shovel.  It  is  equipped  with 
three  separate  motors,  one  for  hoisting 
the  dipper,  one  for  swinging  the  crane,  and 
a  motor  on  the  crane  for  crowding  the  dip- 
per into  the  bank.  All  motors  are  of  the 
regular  railway  type,  variable  speed,  D.  C, 
600  volts.  700  R.  P.  M. 

One  of  the  principal  objections  to  an 
electrically  operated  shovel,  made  by  peo- 
ple not  familiar  with  their  construction  and 
equipment,  is  that  in  hoisting  the  dipper 
through  the  material  it  will  frequently 
strike  hard  material  which  would  stall  the 
motor  and  burn  it  out,  or  on  the  other 
hand  if  the  motor  were  of  a  size  to  have 
sufficient  strength  to  stand  such  strains 
without  burning  out,  it  would  tear  the  dip- 
per to  pieces  and  v/ould  ultimately  reduce 
the  entire  machine  to  wreckage.  The  fol- 
lowing shows  how  this  objection  is  met 
and  overcome  in  the  construction  of  the 
shovel  described  above.  The  main  or  hoist- 
ing motor  is  75  HP.  and  is  provided  with 
an  automatic  magnetic  controller,  and  a 
circuit  breaker  which  will  throw  off  the 
current   as  soon   as  the  motor  has   exerted 


stops  it  altogether.  On  the  electric  shovel 
this  momentum  is  taken  care  of  by  the  sole- 
noid brake,  the  clutch  of  which  is  thrown 
in  by  springs.  When  the  current  is  turned 
on  the  swing  motor,  it  is  automatically 
turned  on  to  the  mechanism  of  the  brake 
also,  and  forms  a  magnet  which  throws 
back  the  springs.  Thus  as  soon  as  the 
power  is  applied  to  the  swing  motor  a  mag- 
net is  formed  which  releases  the  brake  so 
that  the  swing  of  the  crane  is  free  to  re- 
spond to  the  motor.  .A.s  soon  as  the  current 
is  cut  ofif.  it  of  course  cuts  off  the  magnet 
and  the  springs  are  free  (o  throw  on  the 
brake,  which  absorbs  the  shock  of  the  mo- 
mentum, bringing  the  crane  to  an  easy  stop 
at  any  desired  point,  and  without  any  re- 
verse power  being  exerted  by  the  motor. 
The  swinging  motor  is  30  HP.  and  is  also 
safeguarded  with  a  circuit  breaker. 

The  crowding  or  crane  motor  is  .30  HP. 
and  is  provided  with  automatic  controller, 
circuit  breaker,  overload  relay,  etc.,  and  is 
safeguarded  much  in  the  same  manner  as 
the  hoisting  motor.  In  addition  to  this, 
however,  it  is  provided  with  a  foot  brake 
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which    is    operated    hy    thi-    craiicsnian    --■  Record     of     Drilling     Test     Holes     by  outfit    across   thr   river   and   about   a   mile 

that  i-veii  ihnuld  the  circuit  breaker  be  au-  Hand   with   Some   CostS.  "P  ^'"  ''ivcr,  and  at  2 -.45  started  hole  Xo. 

toniaticallv    thrown    out.    as    the    result    of  ,          ,  ■              ,    ,      ,     ,     •  "■     Made  6  ft.  in  overburden  and  9  ft.  in 

■                 ,                             L        /     .  In  MMKiiin  test  hiiUs  bulli   lor  prospecting                 ,  , 

overloads      or      other      causes,      the      foot  ,                   "         ,,       ,         .....  Rravcl  bv  o  p.  m. 

brake     is     still     capable     of     holding     the  for  minerals  and  also  for  cml  engtneenng          Seventh  day  .-Finished  hole  No.  7.  29  ft.. 

■  •                            •   .  J     •      1      I         11          1-1  projects,    tlie    majoritv    of    the    drillmg    is  .     ,     •         ■           .             j   -n   c.          .u        j 

dipper  at  any  point  desired.     It  will  readilv  ,             .  ,                 ,  •  ',      ,                       ,  .„  'o  o«d  rock,  and  moved  oO   ft.  north  and 

,               .           ,        ,           ,        ...          .    .'  done    with    some    Kind    of    a    power    drill.            1    1.  1     xr      o    0.1  r.     .           i       c.  _  j 

be  seen  from  the  above  description  of  the  ,,,,..,                                      j    i        ■  sun''  "Ole  No.  8,  22  ft,  to  rock.     Started 

•     ■                          1.  .     1         1     .  •     11  Hand   drills  are  sometimes  used,  but  they  .    •     xt     n   m  r.          .t.        j        j    /•  r.    • 

electrical    equipment     that    the    elcctncallv  ,,      .            ...                 ^,    ,  holf  No.  9,  50  ft.  north,  and  made  6  ft.  in 

,                 ,        ...  are    generallv    improvised    in    some   black-                  ...      - 

operated  power  shovel   is  in  evcrv  wav  as  ...        '  ^,   .  'op  soil  by  5  p.  m. 

'            ,   .                              .,           ;    ,,  ',  smith   shop.     Of   late  years  a  great   manv          tl       •                  1           r   j  -n-       .no    1  o 

safe  and   its  action  as  easily  controlled  as  ,       "^ ,              . ,.  ,     .                       .  ...            Thus   in  seven  davs   of  drilling  ild   1-2 

,        ,     T,  .      ,      ',            1     1    u  costs  have  been  published  on  power  drills  ,.               j  -n    i                            r  on   1  n  t. 

a  steam  shovel.     1  his  shovel   was  built  bv         '  ,  "^  ,       ,  ft.   were  drilled,  an   average  of  SO  1-2  ft. 

,.  ,         ,,           „,       ,   _         r  1-  1    1 '  of   various  kinds,  but  cost  data  on  hand               ,         ,.      .,,   ,          .•    j   .•.  .         .u 

the   \  iiK-an   Steam  Shovel   Co..  of  Toledo ,       ,  .          ■  ,  per   day.     It    will   be   noticed   that    as   the 

^,  .  drilling  have  been  meagre.     In   this  article                 1.       _              .   _  j  .     .u            1     .u- 

Ohio.  ,,                     ,       ,      .,          .       /•  men  became  accustomed  to  the  work,  they 

we  are  able  to  give  the  detail  work  of  a  .  j  i-  .1  t.  j 
Mr.  .\.  .\.  Broadhead.  president  of  the  ,,_.^,„,  j^j,,  „,^,j  ,-„,  prospecting  in  Colom-  'T^l'  r  ,,  ,f  H  "ti 
road,  writes  as  follows  as  to  the  cost  of  ,-^  s„,„„  j,„^^^-^^  ^^^  drill  was  an  ^"'^.  '^'  fT'^^  ^,f  ,=»"  ""^"  ,^"" 
the  work:  'A  short  time  ago  we  placed  ^^  -^^  Hand  Drill,  manufactured  bv  the  *P°°"  ''  "''*'  '^^'  *'"  ^"'  **''°"f  ^^!,'^ 
an  ammeter  and  volt-meter  on  the  shovel  >,-^^^.  y^^^  Engineering  Co.  of  New  York.  ='"'^-  ™°''  ""^  '"f'"  }°^'  ='"''  '"''>' 
for  the  purpose  of  ascertaining  cost  of  j^^  ^^„^,,  ^^^  d„„,  „„d„  ,h,  di,,,,i„„  penetrates  gravel.  It  picks  up  any  ma- 
operation  per  hour  and  hand  you  the  in-  „f  ^^  clarence  R.  Snow,  during  the  '"'"'  ^"."^  ''""!^"  "'  "  core  to  the  sur- 
closcd  memorandum.     Of  course,  the  shovel  autumn   of   1908                                                               '"       ^   minimum    amount   of   distur- 

did   not   work   constantlv  durinc  this  time  t-l             1              j             -...i.         •  bance    of    the    material    as    it    actually   lies 

aia   not   worK   tonsidiiiy  auring  iiiis  iirni,  -j-j^^   work   was   done   with   native   peons  .       ,                 j      \tr  .                       1      •          . 

owine  to  the  shortaee  of  cars      If  we  had  t   j-            i.     u  j                              u-  '"   <"C   ground.     Water,  as   a   rule,  is    not 

owing  10  nil  MiuricgL  oi  Ldrs.     ii  »c  ii<iu  ^^  Indians,  who  had  never  seen  machinery             ■               •       •      j  -n-                 u 

been  nhio  to  Ueen  the  shovel  nt  work  with-  r            i  ■    j  t    r             -rt                .       ■         u-  i.  used    tO    assist    in    drilling.     SO    Oie    auger 

Deen  aoii  to  Kicp  tne  snovei  at  worK  wiin  ^f  ^^^  ^.j^j  before.     The  country  in  which          •,,      •  ,             .       c       ...        _^  i          r        u 

out  T  let-uo   we  feel  sure  the  cost  ner  hour  .       J  1                   u  •               1         '                 j  "'"'    P'^l^   up   the    hnest   particles   ot    gold, 

out  a  let  up.  we  itei  sure  iiit  cost  per  nour  jj       hdes    were    being    sunk    was    covered  ,,.-.■     j  .                  .       ■     j  -i.- 

wniilH  li.-  nviti-riilK-  rfHiired "  ■,     r             ,      l     i         i        j             .u  •  If  It  IS  desired  to  use  water  in  drilling  it 

wouia  111   ni.ittriaiiv    rtaucea.  ,1^   forest,  the  bush  and  undergrowth  in               .        ,           _,            .        .          „  j    u 

^    .     r  D  ,      '        .                 ,              „  can    be    done.     The    casing    is    pulled    by 

Lost  of  rower  many  places  being  very  heavy.     To   move  ,              ...                  •      1     j     ■ 

.  TT  ,  .       ,  K,   r          ,    r         I    ,                            I  levers  with  a  very  simple  devnce. 

and  Help.  the  dri  1  from  hole  to  hole  a  narrow  path          ,,,■.,                  .  ».,           j       r      .1. 

_,''„„  ,          ,    .,           ,             .u  c         -          ^^"'1  wages  at  $1  per  day   for  the  men 

1   man    » $0.33  was  cut   through   the   undergrowth  6  or    1  .                                         w     .    em    -.      j, 

*„„,  ,      ...        ,     ^     „    .       .              .  the    expenses    were    about    $10    per    day. 

1  """    0.20  ft.    high.     A    snn.ll    flat   bottom    boat   was  ^^^             ^j  ^^^  incidentals,  the  cost  per  ft. 

2  men.  at   ir,  cents 0.30  used   to   carry   the    drill   across    the    river.  ^^^   ^^^^^   ^   ^^^     ^.^^   ^^^^^^^^ 

■2»MG  K.  W.  hrs.  at  .0088  cts 0.18  there  being  consumed  about  half  an  hour  ^^^  ^^^^          ,.^    ^^    ^.^^,j  j,^^.^  ^^^^  ^^^^ 

Oil    and    waste    (estimated) 0.04  to  do  this.     .As  there  are  no  roads  in  Col-  ^^ 

ombia    it   would    be   almost    impossible    to 

Total  cost,  per  hour $1  10  work  a  steam  drill,  owing  to  the  difficulty 

The    amount    excavated    each    hour    was  of  moving  it  from  place  to  place.                           Particulars  have  been  issued  of  the  Eng- 
*i6%    cu.   yds.,   givine   the    following   costs  Four  men  were  used  to  turn  the  casing,  l.sh    war   office   scheme,   states     The   Sur- 
ja^..                      '^  and    four    men   did   the   drilling,    an   add!  veyor.     for   establishing   a   special    reser\-e 
■  ■           -,  in   e«8i  ''ona'   ^^n   being   used    for  cutting   trails.  of  officers  from  the  ranks  of  the  civil  en- 
8  hours,  at  ^1.10.  ?».»0.  ^^^   ^^^.^^   ^^^^^_    ^^,^^    ^^^^    ^^    j^^^^.    ^^^  uineering  profession.     The  candidate  must 
8  hours,  at  6C%  cu.  yds.,  .d34  cu.  j-ds.  ^            ^^^   ^^^^,^   ^^^^    j_..„    ^^^^   ^^,_^   ^^  ^^,;^f^.  „,^  g^,,^^.,,  ^..^ditjons  as  to  char- 
$8.80    divided   by   a34   cu.    yds..    1.64    cts  ^^^^     ^^^  following  is  a  record  of  seven  acter.   fitness   and   education,  and   must   be 
per  cu.  yd.  for  loading.           ,  1^^^,  ^^^^^_  between  eighteen  and  twenty-five.     Special 
The   material   excavated    was   a   mi.xture  pj^.^^  day,— Carried  outfit  across  river  in  rcqui'cments  of  the  corps  are  satisfied   if 
of  gravel,  sticky  clay  and  sand,  which  made  j^^^^  ^^^  began  hole   No.   1     Made    14    ft.  he    has    passed    the    examination    as    asso- 
it   hard   to  dig,   but  as   will   be  seen   from  j^^  ^^^  g^j|  ^^^^  jj  jj   j„  gravel  by  5  p.  m.  ciate   member   of   the   Institution   of   Civil 
the  above  figures,  the  cost  of  this  work  was  Second  dav,— Finished  hole  No.   1,  2  1-2  Engineers.     If  accepted,  he  at  once  under- 
very    low.     There    are,    of   course,    several  j^    ^^^^  ^^  ^^^  ^^^^.  ^^^^\  0-  \.2  ft.  Pulled  p;oes  twelve  months'  training  with  the  reg- 
causes    for   this,   the   principal   ones  being,  ^^^'mg  and  began  hole   No.  2.   100   ft.  dis-  "lar   army    before    he    engages    in    private 
first,  that  as  the  shovel  requires  no  boiler,  ^^^^  before  noon,  and  sunk  the  hole  17  ft.  practice.     He   serves    as   second    lieutenant 
the  cost  of  a  fireman  and  of  hauling  coal  ^^         j^  j^^j   ^q^]^  before  4  p.   m.     Pulled  on   probation   partly   with  the   regular  unit 
and  water  are  eliminated;  second,  that  the  egging  and   moved  to  hole  No.  3,   drilling  "f  the   Royal   Engineers  and  partly  at  the 
work  of  the  shovel  was  so  intermittent  and  ^  f^    ^^  overburden.  School    of    Military    Engineering.     He    re- 
when   the   shovel    was   idle   no   power   was  Third  dav.— Finished  hole  No.  3,  24   ft.  ceives  an  outfit  allowance  of  £40  and  pay 
being  consumed  as  would  be  the  case  with  deep.     Pulled  casing  and  started  hole  No.  of  10s.  7d.  per  day.     His  first  year's  train- 
steam    shovel,    where   they   must   keep   the  ^    ^     o  „    ni.     Passed   through    12   ft.   of  ing    is    apportioned:       Military.    8ft    days: 
steam  up  just  the  same.     Tl'.e  shovel  could  overburden  and   10  ft.  of  sand  and  gravel  fortifications,    105  days;    surv-ey.   30  d.iys : 
have  been  operated  to  its  maximum  capa-  ^    5       „,  construction,  30  days:  and  the  rest  in  the 

city,    which    would    have   given   twice    the  Fourth  day, Finished  hole  No.  4,  which  actual   duties   of   the   Royal    Engineers,   in 

yardage,  at  nearly  the  same  cost  as  the  men  ^.^^  28   ft.  deep  to  bed  rock.     Pulled  cas-  barracks   or   in    the   field.     .-Xfter    the    first 

bad  to  be  paid  whether  they  were  working  j^      ^^j    ^^.^\\   j^d   moved   to   hole    No.   5.  year   the  officer  must   put   in   fifteen   days' 

■or  idle,  and  the  additional  cost  for  power  3^^)  fj   northeast  of  bole  No.  4.  and  started  work  per   annum,   at    Us.  7d.   a   day.     He 

would  not  have  been  more  than  twice  what  ^^,^^.   i^^je   by   noon.     .After   drilling    17    ft.  may   rise  to  the  rank  of  major,  but  each 

it    was   which,   on    the    same    basis,    would  through  overburden  an  old  buried  tree  was  step   must    bo   preceded    by   a    full    month 

mean    1.008   yards   at   a  cost  of  $10.24,   or  struck,  but  the  drill  went  through  it  easily.  with  the  colors.     Facilities  will  he  offered 

less  than  1  ct.  per  cu.  yd.  By  :,  p   rn.  22  ft.  were  made  in  this  hole.  for  transfer  to  the  regular  armv. 

Fifth  day,— Finished  hole   No.  5.  28   ft..                          

Presi.lent  Roosevelt  has  called  an  inter-  ..nd  after  pulling  casing  began  hole  No.  fi.           In    his   annu.,1    report    Secretary   of    the 

,                                  f              .„„,„,  Cnt  rlnvin    M   ft    in   Overburden  and  0   ft.  Interior    Garfield    urges    the   establishment 

national    conservation   conference   to   meet  tiot  down    11   n.  in   oviruuiuiii  m.v.                                    ,       .                 r       •         .      u 

in    Washington    on    Feb.     18.    Invitations  in  gravel  by  5  p.  m.                  ,,      ,        .  "'    •''    ^^i"     I'Tl  ^IjZl      minine 

have    been    sent    to    the    Governments    of  Sixth   day.-Finisned  hole   No.   6.  going  ch-nrge  of  the  whole  field  of  mines,  mining 

Mexico  and  Canada.  down    0    ft.    more    to   be.l    rock.       Moved  and  minerals. 


10 


ENGINEERING-CONTRACTING 


Vol.  XXXI.     No.  r. 


Roads  and  Streets  Section 


Note :  This  Section  is  devoted  to  methods  and  costs  of  road  and  street  con- 
struction. It  will  cover  road  building  in  all  its  details,  the  construction  of 
pavements,  sidewalks  and  gutters,  the  testing  and  use  of  paving  materials  and 
the  machinery  and  tools  used  in  road  building  and  paving. 


Standard    Details  for  Highway    Con- 
struction. 

The    Massachusetts    state   highway    com- 
mission was  established   in   1893  and   since 


ft.  This  is  carefully  tami^ed  about  and 
rammed  over  the  pipe.  The  remainder 
of  the  trench  is  filled  with  stone  which 
will    pass    though    a    3    in.    mesh    and    not 


S"5icle  oirain^  qJj, 

Fig.    1 — Cross   Section   Showing   Types 


that  time  several  hundred  miles  of  maca- 
dam road  have  been  constructed  under  its 
supervision.  The  commission  has  a  very 
excellent  set  of  standards  for  its  road  con- 
struction   work.     The    accompanying    cuts 


V\^  Blind  Dram 
of  Side  Drains, 
a    1    in.    mesh,   and    is   thoroughlv 


througli 
tamped. 

Figure  2  is  a  standard  cross  section 
showing  the  V-underdrain  and  guard  rail. 
In  con.structing  the  V-underdrain  a  trench 


iS'O 


Ertq.-Cortff 

Fig.  2 — Cross  Section    Showing   V-Underdrain     and     Guard     Rail. 


show  a  nunilier  of  stamlar;!  details  ot  the 
commission. 

Figure  1  is  a  standard  cross  section 
showing  types  of  side  drains.  These  are 
constructed  just  outside  tlie  limits  of  the 
macadam.  They  consist  of  narrow  trench- 
es, filled  with  broken  stones  or  small  gravel 
stones,  with  a  o  in.  pipe  near  the  bottom. 
The  pipe  is  laid  with  open  joints,  true  to 
grade  and  is  carried  to  a  proper  outlet. 
In  the  case  of  a  blind  drain  the  pipe  is 
omitted  and  the  entire  trench  filled  with 
stone,  large  stone,  3  in.  to  8  in.  in  size  be- 
ing placed  at  the  bottom  and  graded  to 
fine  at  the  top. 

In  constructing  these  drains  the  trench 
is  excavated  to  a  width  of  lo  in.  at  the 
top  and  12  ins,  at  the  bottom.  When  the 
grade  of  the  finished  road  is  3  ins.  or 
more  tn  the  100  ft.  the  Ijottom  of  the  trench 
is  made  3  1-2  ft.  below  the  finished  sur- 
face of  the  road.  In  the  case  of  the  pipe 
drain  2  ins.  of  gravel  or  broken  stone  of  a 
size  whicli  will  pass  through  a  1  1-4  in. 
mesh  and  not  llirough  a  1-2  in.  mesh  is 
placed  on  the  bottom  of  the  trench.  On 
this  is  laid  the  •")  in.  salt  glazed  vitrified 
clay  pipe  with  bell  and  spigot  ends,  the 
bell  ends  being  toward  the  rising  grade. 
Xo  pipe  is  laid  on  a  grade  of  less  than  3 
ins.  in  100  ft.  Gravel  or  broken  stone  of 
the  sizes  mentioned  previously  are  filled 
about  the  pjpc  and  over  it  to  a  depth  of  1 


of  a  width  identical  with  the  width  of  the 
macadam  is  excavated  for  a  depth  of  from 
12  to  18  ins.  in  the  center  and  to  a  depth 
of  4  to  8  ins.   in  the   side,  and   shaped  on 


placed  so  as  to  permit  of  consolidation  by 
a  roller.  The  bottom  of  the  trench  should 
be  tolerably  true  to  grade,  and  cut  off 
lateral  trenches  filled  with  stones  are  nec- 
essary to  carry  the  water  to  proper  out- 
lets. The  average  contract  price  for  stone 
hlling  for  V-drains  in  place  in  Massachu- 
setts in  1906  was  $0,827  per  cu.  yd.  The 
guard  rail  fencing  (see  Fig.  2  and  Fig.  8> 
is  placed  on  edges  of  embankments  and  at 
such  other  places  as  the  engineer  may  deem 
necessary.  The  posts  are  of  well  seasoned, 
straight,  sound  chestnut  or  cedar,  not  less, 
than  G  ins.  in  diameter.  They  are  spaced 
8  ft.  apart  on  centers,  the  bottom  of  each 
post  being  set  3  ft.  into  the  ground  and 
3  1-2  ft.  above  the  ground.  The  backs  of 
the  guard  rail  posts  are  set  1  ft.  from  the 
edge  of  the  embankment  for  all  widths  of 
roadway.  All  bark  is  removed  from  the 
post  before  setting  and  all  knots  hewed 
down  to  face  and  the  exposed  surfaces- 
shaved.  The  top  rails  are  4  ins.  square 
and  the  side  rails  of  2x6  in.  well  seasoned 
wood,  spruce  preferably,  planed,  free  from 
loose  or  unsound  knots.  Both  top  and 
side  rail  are  notched  into  and  securely 
fastened  to  the  posts  as  shown  in  Figs.  2' 
and  3,  and  are  long  enough  to  extend  over 
three  posts  and  break  joints.  AU 
parts  of  exposed  surface  of  the  fence  are 
painted  with  one  coat  of  white  lead  and 
linseed  oil.  At  culverts  square  iron  posts, 
1  1-4  ins.  square,  are  used.  The  posts  are 
set  into  the  coping  stone  at  least  4  ins. 
and  leaded.  The  side  rails  are  bolted 
to  the  iron  posts  with  two  bolts  set  in 
holes  drilled  through  each  post.  The  aver- 
age contract  price  in  1906  for  guard  rail 
in  place  was  $0,277  per  lin.  ft. 

Figure   4    shows    a   section   of   iron   pipe 


(//o/vf  together  over  posts 
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Fig,  3 — Wooden   Guard   Rail. 
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the  liottom  like  a  flattened  letter  V.  This 
trench  is  filled  with  field  or  any  sort  of 
stones    varying    in    size    from   the   smallest 


fence  and  Figs,  ."i  and  6  show  some  of  the 
details.  The  cast  iron  flange  for  the  base 
of   the   iron   post    is   2   in.   x   6   in.    in   size. 
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Fig. 


-Iron    Pipe    Fence. 


il)t;iinablc  to  such  as  are  8  or  10  ins.  in 
diameter.  The  large  stones  are  placed  at 
the  bottom  and  the  small  stone  and  gravel 
at  top.  No  especial  care  need  be  used  in 
placing    the    stones,    except    that    they    be 


anil   the   railing    flange   for   wooden   post   is 
1    1-2  in.  in  size. 

Figures  7,  8  and  9  show  types  of  catch 
basins,  with  2x2  ft.  grates.  Fig.  7  shows 
a   catch   basin   constructed  of   Portland  ce- 
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incm  concrete,  l-'ig.  S,  a  nIoiic  niasimr. 
catch  basin  and  Fig.  t*  a  brick  catch  basin 
In  the  case  of  the  brick  catch  basin  witli 
a  good  foundation  the  lower  course  of 
brick  work  is  omitted.  Hard  burned 
bricks  are  used  for  the  brick  catch  basin 
and  the  bricks  arc  well  soaked  in  water 
before    being    laid.     The    joints    arc     thor 
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■pig.  5 — Flange   for   Base   of    Iron    Post 
and    lij-in.    Railing    Flange. 

ouglily  flushed  full  of  mortar,  consisting 
of  1  part  natural  cement  of  the  best  qual- 
ity and  2  parts  of  coarse,  clean,  sharp 
sand.  No  joint  on  the  face  is  made  great- 
er than  1-4  in.  and  after  the  bricks  are 
laid  the  joints  are  neatly  pointed  on  the 
inside.  As  the  walls  are  laid  up  they  are 
well  plastered  with  mortar  on  the  out- 
side.    The  average  contract   price   in    lOOti 


r/7^.-  Confr' 


'  Fig.    6 — Tee    ard    Cross   for    Iron    Pipe 
Fence. 

for  catch  basins  in  place  (including  catch 
basin  frames  and  grates)  was  $35.74  each. 
Figure  10  shows  a  stone  drop  i:ilet 
These  are  also  constructed  of  concrete 
When  built  of  concrete  the  walls  arc  made 
12  ins.  thick  and  the  bottom  8  ins.  thick. 
With  a  good  foundation  the  bottom  is 
•omitted  in  both  cases. 


Removing  Snow    From    Streets  With 
a  Road  Grader,  and  Some  Costs. 
The   most   economical    removal   of   snow 

that    has    ever    been    made    in    N'r«     York 


EnqrContr. 


J  Fig.  7 — Concrete  Catch  Basin. 

City,  it  is  stated,  was  performed  in  one  of 
the  districts,  into  which  tlie  citv  is  ilividnl 
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Fig.   8 — Stone   Catch    Basin. 


for   that    purpose,    during   the    storm    that 
visited  that  city  the  week  of  Dec.  20,  1908. 


The  work  was  dune  with  the  aid  of  the 
■JOth  Century  Grader,  manufactured  by  the 
Baker  Manufacturing  Co.,  of  Chicago,  111. 
The  contractors  for  one  of  the  districts  of 
the  city  had  purchased  Vl  of  these  machines 
to  l>e  used  for  snow  removal  and  had  them 
in  readiness  for  the  t'lrst  storm. 

These   contractors,  the    Philip   T.    Brown 
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Fig.   9 — Brick   Catch    Basin. 

Co.,  are  the  first  contractors  in  Xew  York 
to  adopt  a  more  up-to-date  method  of  snow- 
removal,  than  using  shovels  and  scrapers 
to  pile  the  snow,  to  be  hauled  away  after- 
wards. The  20th  Century  Grader  throws 
the  snow  from  the  middle  of  the  street  to 
a    long  pile   at  the   gutter,    from   which   it 
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Fig.    10 — stone    Drop    Inlet. 

can  be  loaded  into  wagons  and  hauled 
away.  It  is  stated  that  these  graders  or 
plows  paid  for  themselves  in  the  first  three 
days,  as  each  one  did  the  work  that  it 
would  have  been  necessary  to  employ  30 
to  40  men  to  do.  The  snow  from  this 
district  was  removed  promptly,  while  in 
some  other  parts  of  the  city  snow  remained 
50   long  in  the  streets   that   it  turned   into 
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slush,  much  to  the  discomfort  of  those 
using  the  streets.  We  are  informed  that 
these  12  plows  moved  as  much  snow  as 
was  done  by  the  rest  of  the  forces  in  the 
city,  in  the  same  time. 

The  timing  of  three  of  these  plows  at 
work,  just  after  the  snow  stopped  falling, 
showed  that  they  piled  up  the  snow  on 
54,500  sq.  yds.  of  asphalt  paving,  the  three 
plows  working  one  behind  another,  begin- 
ning at  the  center  of  the  street  and  work- 
ing toward  the  gutters,  in  2  hours  and  15 
minutes.  This  work  was  done  on  three 
different  streets.  The  snow  was  3  ins.  in 
depth ;  for  a  less  amount  of  snow  the  con- 
tractors are  not  called  out.  At  the  prices 
paid  for  snow  removal  there  is  seldom  any 
profit  in  this  depth  of  snow,  but  the  con- 
tractors state  that  with  the  aid  of  the 
plows  some  profit  was  cleared  on  this  first 
storm. 

With  wages  at  60  cts.  an  hour  for  two 
horses  and  a  driver,  the  cost  of  plowing  the 
snow  into  the  long  piles  at  the  gutter  for 
the  54,500  sq.  yds.  was  $4.05,  making  a  cost 
of  7  cts.  for  each  1,000  sq.  yds.  and  a  cost 
of  about  1  ct.  for  each  10  cu.  yds.  of  snow- 
removed.  It  is  needless  to  say  that  this  is 
a  very  low  cost  as  compared  to  doing  the 
work  with  shovels.  In  doing  this  work  the 
teams  traveled  at  the  rate  of  2.3  miles  per 
hour,  or  28  miles  during  a  10-hour  day. 

The  blade  on  the  plow  used  for  snow  is 
7  ft.  long,  and  cleans  a  width  of  from  5% 
ft.  to  6  ft.,  according  to  the  angle  at  which 
the  blade  is  set,  for  each  trip  of  the  plow. 
.\  greater  depth  of  snow  could  have  been 
handled  just  as  economically.  The  plows 
can  also  be  used  to  clean  sidewalks.  On 
account  of  the  success  of  these  plows  the 
contractors  have  ordered  12  additional 
ones. 


At  the  annual  meeting  of  the  Washing- 
ton Society  of  Engineers  at  Washington, 
D.  C,  on  Dec.  15,  the  following  officers 
for  the  ensuing  year  were  elected :  Presi- 
dent, D.  S.  Carll,  vice-president  and  gen- 
eral manager  Capital  Traction  Co. ;  vice- 
president,  W.  A.  McFarland,  superintend- 
ent of  water  department,  D.  C. ;  secretary. 
John  C.  Hoyt,  engineer  United  States  geo- 
logical survey:  treasurer.  J.  B.  Gordon, 
civil  engineer.  Directors:  G.  R.  Putnam, 
W.  C.  Allen,  W.  P.  Upton,  .\.  E.  Phillips. 
C.  S.  Kimball  and  C.  B.  Hunt. 


.\t  a  meeting  of  the  Association  for  the 
Advancement  of  Science,  at  Baltimore, 
Md.,  on  Dec.  31.  Dr.  L.  O.  Howard,  chief 
of  the  Bureau  of  Entomology,  United 
States  Department  of  Agriculture,  in  an 
address  estimated  that  flies  and  mosquitoes 
caused  an  annual  economic  loss  in  tlic 
United   States  of  $200,000,000. 


Water=works  and  Sewer  Section 


Note:  This  section  is  devoted  to  methods  and  costs  of  constructing  sewers 
and  water-works.  It  will  cover  the  construction  work  for  all  details  of  water 
supply  and  sewerage,  including  sewage  purification  and  water  filtration. 


At  Le  Mans,  France,  on  Dec.  31,  Wilbur 
Wright,  the  American  acroplanist,  made  a 
flight  covering  a  distance  of  73  miles.  He 
remained  in  the  air  for  two  hours  and 
nine  minutes.  By  this  flight  Mr.  Wright 
won  the  Michelin  cup.  valued  at  $5.0fi<i 


Water-Works     Valuation     and     Fair 
Rates  in  the  Light  of  the  Maine 
Supreme   Court  Decisions  in 
the  Waterville  and  Bruns- 
wick Cases. 
(Continued    from    p.    440,    Dec.    23    issue.) 

GOING    CONCERN    VALUE. 

The  Maine  Court  has  ruled  that  the  "go- 
ing concern"  or  "established  business"  is 
an  element  of  structure  value.  It  may  be 
defined  as  the  cost  of  establishing,  up  to 
the  level  of  the  net  income  of  the  old 
plant  at  the  date  of  taking,  the  business 
of  a  similar  new  plant  (but  not  of  a  more 
perfect  system  which  the  city  might  build), 
which  is  supposed  to  begin  operation  upon 
the  date  of  the  taking,  the  old  plant  going 
out  of  business  at  the  same  moment.  Or, 
to  put  the  same  thing  in  another  way,  it 
is  the  measure  of  the  greater  value  (at 
the  date  of  taking)  of  an  old,  established 
plant,  over  a  similar  new  plant,  completed 
and  ready  for  operation  upon  the  date  ol 
taking.  Or,  to  put  the  same  thing  in  stil! 
another  way,  it  is  the  measure  of  the  cost 
of  developing  the  business  of  a  new  plant 
to  a  point  coincident  with  the  net  income, 
upon  the  date  of  taking,  of  the  old  plant. 

Hence  the  "going  concern"  or  "estab- 
lished business"  element  of  value — subject 
to  the  fairness  of  the  rates  and  the  char- 
acter of  the  service — depends  directly  upon 
the  net  income  or  earning  capacity  of  the 
works  at  the  date  of  taking,  and  there 
does  not  appear  to  be  justification  for  in- 
cluding in  this  value,  as  some  experts  in 
water-works  valuation  have  done,  consid- 
eration of  the  increment  in  net  annual  in- 
come in  the  period  of  years  after  the  date 
of  taking,  during  which  the  business  is  be- 
ing established.  The  latter  (increment) 
clearly  pertains  to  franchise  an  not  to  go- 
ing concern  value.  As  previously  stated, 
the  concern  going  value  is  only  one  ele- 
ment of  value,  included  in  the  total  value 
found  by  capitalization  or  consideration  of 
the  net  income  under  reasonable  rates.  To 
add  the  going  concern  value  to  the  total 
value  would  involve  double  payment  for 
the  same  thing,  but  in  the  case  of  the  plant 
the  franchise  of  which  has  expired,  the  go- 
ing concern  value  must  usually  be  calcu- 
lated and  added  to  the  reproduction  cost 
less  depreciation  thereon  to  date,  in  order 
to  determine  the  value  of  the  plant. 

In  passing  it  may  be  of  interest  to  sug-i 
gest  certain  underlying  principles  bearing 
upon  the  going  concern  element  of  value. 
In  the  course  of  their  development  and  life 


history     most      water-works      plants      pass 
through  the   following  phases  : 
1- — That  of  the  plant   which   has   not  been 
operated    for   a   sufficiently   long   period 
of  years  to  develop  its  normal  revenue 
or  rate  of  growth,  or,  in  other  words,^ 
that   has    not  passed   through    the    for- 
mative period. 
2. — That    of    the    plant    which    has    passed 
through     the      formative     period,      but 
which  has  not  yet  made  good,  through 
its  increasing  revenues,  the  losses  sus- 
tained in  the  early  years  of  the  forma- 
tive period. 
3. —  I  hat   of   the   plant   in   wliich   tlie   going 
concern   has    been    established,   and   the 
losses    during     the     formative     period 
have  been  made  good. 
1. — If   the    works    be    taken    by    the    city 
while  they  are   still  in  the   formative  peri- 
od,  or   period   of   business   development,   it 
is  clear  that  the  net  revenue  does  not  fur- 
nish   an    equitable    means    of    determining 
the    value   of   the    property,    since   there    is 
no    net    revenue,    and    this    fact    should    be 
given    due    weight.     If    the    owner    of    the 
works  should  attempt  to  sell  his  plant  dur 
ing   this   period,   the   purchaser  or  investor 
would   probably    give   small   recognition    to 
this    fact ;    the   sale    would   be    in   effect   in 
the  nature  of  a  forced  sale,  and  hence  the 
owner    would   probably   not    derive   a    rea- 
sonable return  for  his  property,  even  from 
a    willing    purchaser.     On    the   other    hand, 
if  the  valuation  of  the  works  is  based  upon 
the  taking  by  the  municipality  under  right 
of  eminent   domain   and   hence   upon   their 
value  to  the  owners,  subject  to  limitation 
of    reasonable    rates    and    reasonably    good 
and   efficient   service,  as   it  must   be   under 
the    Maine    decisions,    this    fact    must    be 
given   due   consideration. 

2. — If  the  works  are  bought  immediate- 
ly at  the  end  of  the  formative  period,  but 
while  the  owner  is  still  carrying  the  ac- 
cunnilated  losses  of  the  early  years,  this 
fact  should  be  given  due  weight  in  arriv- 
ing at  a  valuation  based  upon  the  earn- 
ing capacity  of  the  plant  when  taken  by 
the  city.  The  same  idea  might  be  stated 
differently  by  saying  that,  at  such  a  time, 
the  seller  would  not  be  a  willing  seller  but 
a  forced  seller.  It  cannot  be  doubted  that 
if  the  works  should  be  purchased  by  an 
investor  or  a  willing  buyer  at  that  time, 
lie  would  make  no  allowance  to  the  owner 
for  any  losses  incurred  by  him  in  the  early 
years  of  operation,  e.xcept  in  so  far  as 
prospective  earnings  might  warrant  some 
small  consideration,  for  the  value  would 
be    derived   and   the   market   price   be   paid 
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as  a  rcbult  of  the  going  concern,  the  es- 
tablished business,  atiU  tlie  earning  ca- 
pacity, and  not  as  a  result  ur  measure  of 
the  works  having  passed  the  early  hazard 
period.  In  the  case  of  a  plant  taken  under 
the  right  of  eminent  domain  ur  legislative 
authority,  however,  the  valuation  must  be 
made  on  a  basis  of  the  value  of  the  works 
to  the  owner  subject  to  the  limitations  uf 
reasonable  rates  and  service,  in  which  case 
the  fact  cited  above  should  be  given  due 
weight,  and,  in  case  of  fair-rates  suit,  due 
consideration  should  be  gvicn,  in  a  study 
of  the  rates,  to  the  fact  that  the  owner 
had  not  been  reimbursed  up  to  that  time 
for  the  early  losses,  and  this  condition 
would  result  in  the  postponement  of  the 
day  when  the  community  might  justly  ex- 
pect a  reduction  in  the  rates  for  water  ser- 
vice. 

3. — Finally,  in  the  case  in  which  it  is 
assumed  that  the  company  has  been  reim- 
bursed, through  the  agency  of  the  rates, 
for  the  losses  during  the  early  years  of 
development,  the  full  value  of  the  going 
concern  has  been  established,  and  the  own- 
er has  received  adequate  return  upon  his 
property  up  to  date  of  taking;  and  it  may 
be  added  that  a  new  situation  has  arisen, 
under  which  the  rates,  previously  equita- 
ble, are  beginning  to  be  unjust  to  the  com- 
munity, unless  increased  e.xtensions  and 
improvements  to  the  property  or  service 
make  a  drain  upon  the  revenue  commen- 
surate with  the  surplus  earnings  which  had 
previously  been  applied  to  the  liquidation 
of  the  early  hazard  debt,  or  the  losses  in- 
curred  in   establishing   the  business. 

If  it  is  a  fact  that  alter  a  reasonable  pe- 
riod of  growth,  which  period  could  not 
well  exceed  ten  years,  and.  in  many  cases, 
a  less  period,  the  normal  income  of  the 
company  has  not  been  developed,  and  it 
is  still  being  operated  at  a  loss,  no  other 
conclusion  can  be  drawn  than  that  the 
owner  of  the  property  has  voluntarily  tak- 
en upon  his  shoulders  a  losing  cnnirnct 
with  the  community,  the  penalty  of  which 
he  must,  under  the  terms  of  that  contract, 
pay,  without  increase  in  rates  and  with 
disadvantage  to  himself,  in  case  he  should 
attempt  to  sell  the  property.  .Xs  owner  he 
was  not  obliged  to  enter  into  contract  with 
the  community  to  supply  water  to  it.  or 
to  accept  the  franchise  which  it  offered, 
but  having  done  so.  under  the  law  of  con- 
tracts, he  must  suffer  the  consequences  to 
the  limit  of  his  financial  ability.  These 
losses,  under  the  circumstances  cited, 
would  be  the  measure  of  the  price  which 
the  owner  would  have  to  pay  for  the  priv- 
ilege of  the  continued  enjoyment  of  his 
fr.Tnchise. 

In  the  writer's  experience,  the  going 
concern  value  has  usually  been  fo\md  to 
be  between  the  net  and  the  gross  income 
of  the  plant  for  a  period  nf  one  year  Cat 
the  date  of  taking).  It  may  be  largely 
affected,  however,  by  the  period  required 
for  the  development  of  the  business. 


FRANCHtSE  VALCK. 

I  he  franchise  rights  usually  cover  fun- 
damentally the  right  to  lake  and  develop 
sources  of  water  supply,  condemn  proper- 
ly necessary  fur  the  use  of  the  water- 
works, use  the  streets,  highways  and  pub- 
lic places.  >upply  water  to  consumers  for 
domestic  and  commercial  purposes,  and  to 
collect   tolls  or  water  rates  therefor. 

Its  value  cannot  generally  be  determine<l 
directly.  If  desired,  it  must  be  obtained 
by  eliminating  from  the  total  value  of  the 
property  the  remaining  elements  of  value, 
if  this  is  possible. 

THE    MEASURE   OF   FAIR    KATES. 

Much  has  been  said  by  counsel  in  dif 
ferent  cases  upon  the  unreasonableness  of 
the  rates,  with  but  little  effect,  however, 
as  no  measure  has  been  given  of  the  ex- 
tent or  degree  of  the  unreasonableness  or 
of  its  effect  upon  the  consumers  individu- 
ally or  collectively. 

Fair  rates  cannot  be  determined  by  com- 
parison of  water  rates  in  neighboring  or 
similar  communities,  since  identical  condi- 
tions probably  never  exist,  and  weight  can 
not  be  given  readily  or  intelligently  to  the 
different  causes  which  might  affect  thenv 
The  Court  has  always  recognized  this  fact 
and  wisely  excluded  direct  comparison  of 
rates.  Nevertheless,  it  is  probably  true 
that  rates  in  similar  communities  do  have 
weight  in  limiting  the  magnitude  of  the 
rales. 

It  has  remained  for  Judge  Savage  to 
furnish  the  proper  gauge  or  yard-stick 
with  which  to  test  the  fairr>css  of  the  rates 
—the  worth  of  the  service  to  the  consum- 
er, as  well  as  the  fair  return  to  the  water 
company.* 

Here  is  a  frank  recognition  of  the  obli- 
gations of  the  public  servant  (ni  the  one 
hand,  and  of  its  rights  on  the  other.  The 
water- works  corporation  is  not  engaged  in 
a  private  business  for  profit,  limited  only 
liy  competition  and  the  laws  of  supply  and 
demand,  but  in  the  performance  of  a  pub- 
lic duty,  subject  to  the  requirements  of 
efficient  service  and  fair  rates  .iiid  privi- 
leged to  make  profit  under  non-competitive 
conditions.  The  property  of  this  quasi- 
luunicipal  corporation,  therefore,  cannot 
have,  or  be  valued  upon  the  basis  of,  "mar- 
ket value."  In  appraisal,  its  value,  under 
the  Maine  opinions,  must  be  the  "value  to 
ihc  owner."  subject,  however,  lo  the  limi- 
talions  of  the  efficiency  and  the  worth  of 
the  service  to  the  consumer,  or.  in  other 
words,  of  fair  rates  for  water  service  of 
I  he  character   furnished. 

Obviously,  it  cannot  be  expected  that  the 
cost  of  this  service  will  not  exceed  the 
cost  to  the  public  of  supplying  itself:  for 
it  is  reasonable  to  suppose  that,  inasmuch 
as  the  public  elected  for  one  reason  or  an- 
other lo  grant  the  franchise  for  water- 
works to  a  corporation,  it  was  willing  to 
pay  somewhat  higher  rates  than  those  at 
which   it   might   have  supplied   itself.     This 
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excess  is  a  matter  of  judgment  in  Ihc  light 
of  all  the  existing  facts,  but  the  Court 
calls  attention  to  the  need  for  caution  in 
applying  this  rule,  since  the  company,  in 
.-iccepting  the  franchise,  voluntarily  chose 
to  take  whatever  hazard  there  was  in  the 
business ;  and  further  holds  that  whatever 
the  consequences  or  loss  l<i  the  owner,  the 
rates  must  not,  in  any  event,  exceed  the 
worth  of  the  service  tu  the  consumer. 

Ili-alh's  Method  of  Measuring  Fair  Rates 
mid  l'alue.—.\s  counsel  aptly  put  it.  one 
cannot  value  without  rating,  and  once  one 
has  determined  the  fair  rates  for  a  given 
plant,  one  has  valued  it. 

The  method  of  rating  and  valuation  out- 
lined herein  was  first  developed  and  used, 
so  far  as  the  writer  knows,  by  Hon.  Her- 
bert M.  Heath,  of  Augusta,  Maine,  in  the 
suit  of  the  Kittcry  (Maine)  Water  Dis- 
trict fj.  the  Agamcnticus  Water  Company, 
in  November,  1907,  and  later  in  two  other 
water-works  valuation  suits  —  Livermore 
Falls  Water  District  :s.  Livermore  Falls 
Water  Company,  heard  in  November, 
1!»07.  and  the  Portland  (  .Maine )  Water 
District  fs.  the  Portland  Water  Oimpany. 
ihe  Standish  Water  and  Construction  Com- 
pany, the  Gorham  Water  Company  and 
the  Foreside  Water  Company,  heard  in 
February  to  May.  I'.m.  Mr.  Heath  had 
previously  had  considerable  experience  in 
water-works  litigation  and  valuation,  and 
had  given  much  study  in  his  wide  prac- 
tice, as  a  corporation  lawyer  in  New  Eng- 
land, to  the  important  economic  questions 
involved  in  Ihe  relations  of  the  quasi-mu- 
nicipal or  public  service  corporations  to  the 
public ;  but  it  was  not  until  the  Brunswick 
decision  that  this  principle  of  the  worth 
of  the  service  to  the  consumer  was  laid 
dfiwn  by  the  Court,  and  first  put  to  prac- 
tical application  ■  by  Mr.  Heath.  .As  the 
writer  had  the  pleasure  of  assisting  Mr. 
Heath  in  working  up  his  theory  (or  meth- 
od of  applying  this  principle)  and  the  tab- 
ulations for  his  argument  in  all  three  of 
the  above-mentioned  cases  ( Kittery.  Liv- 
ermore Falls,  and  Portland),  he  may  be 
permitted,    perhaps,    to  outline    it. 

The  theory  was  probably  the  outcome  of 
a  critical  study,  by  Mr.  Heath,  of  the  rat- 
ing question,  of  ihc  rules  of  valuation  and 
fair  rates  laid  down  by  Judge  Savage  in 
Ihe  Waterville  and  the  Rrunswick  opinions, 
of  the  previous  valuation  litigation  in 
Maine  and  elsewhere,  of  the  English 
methods  which  governed  the  valuation  of 
the  London  water  companies,  and  of  his 
interest  in  the  broad  economic  principles 
and  questions  of  public  policy  involved  in 
ihc  relations  of  quasi-mimicipal  corpora- 
tions to  the   public. 

Value,  Mr.  Heath  holds,  nnisl  be  based 
upon  cost — be  Ihc  latter  reproduction  cost, 
Iwscd  upon  prices  prevailing  on  or  about 
Ihe  tiale  of  taking:  or  reproduction  cost 
based  up;  n  fair  average  prices  for  a  con- 
siderable period  of  years:  or  original  cost; 
or    something    between    these    three — upon 
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cost   plus   a   profit    whicli   shall    be   limited, 
upon  the  one  hand,  by  what  may  be  need- 
ed   to    induce     investment    in     and     active 
competition   for   the  privilege   of   operating 
public  service   corporations,  and,   upon   the 
other,    by    the    cost    at    which    the    public 
might    serve    itself    equally    efficiently    plus 
the  profit  which  the  public  might   be   will- 
ing   to   allow    to   a   corporation    for   doing 
the  work  and  thus   relieving  it  of  the  ne- 
cessity and,  perhaps,  risk  of  serving  itself. 
Starting  with  this  fundamental  idea,  that 
the    public    service    corporation    is    entitled 
not  only  to  the  reasonable  cost  of  furnish- 
ing the   service,   but   also   to   a   reasonable 
profit   thereon    (assuming   always  that  the 
works   can    earn    the    necessary    income   to 
admit    of    this),    we    come    logically    to    a 
consideration  of  the  principal  elements  or 
factors    to    be    covered    by    the    rates,    and 
hence  to   what  might  be  termed   the   max- 
imum   lawful   income    for   the   given    plant 
under  existing   circumstances — for   any   in- 
crease in  earnings  beyond  this  point  should, 
by  the  law   of   diminishing  returns,   reverr 
or  inure,  sooner  or  later,  to  the  public,  in 
one   form   or  another.     To   say   that,    in   a 
consideration    of     the    lawful     annual    in- 
come   to    be    derived  "from    the    rates,    no 
allowance,   beyond  operating   expenses,   de- 
preciation,   and    a    reasonable    return    upon 
invested  .capital,    should    be    made    to    the 
builder  or  owner  of  the  works,  would  be 
contrary  to   public   policy   and   expediency. 
Under    such    conditions    capital    could    not 
be    induced    to    embark    in    such    ventures, 
and   progress     might     be     seriously    handi- 
capped in  many  communities. 

Elements  lo  be  Covered  by  Laicfu! 
^a?cj.— Subject  to  the  limitation  of  the 
Court  ruling,  that  the  rates  shall  be  rea- 
sonable to  the  individual  as  well  as  to  the 
community  as  a  whole,  and  to  the  prac 
tical  business -possibilities  involved  in  the 
case  or  the  willingness  of  the  people  to 
become  water  takers  at  the  established 
rates,  the  corporation  is  entitled  to  fix  its 
rates  so  as  to  earn : 

First.— Full  operating  expenses,  including 
therein  all  necessary  repairs  to  keep 
the  plant  in  good  condition. 
Second. — A  depreciation  or  renewal  fund, 
which  shall  always  keep  intact  the 
capital  invested,  by  replacement 
through  this  fund  of  the  worn  out  or 
described  parts  of  the  plant. 
Third.— Such  a  rate  of  interest  upon  the 
invested  capital  as  will  correspond  to 
the  degree  of  hazard  involved  in  the 
investment. 

Fourth.— Interest  upon  the  reasonable 
profit  increment  (discussed  in  the  fol- 
lowing pages)  which  is  assumed  as 
compensation  for  undertaking  this 
public   service. 

Fifth.— A  sinking  fund,  if  approved  by 
public.  The  question  as  to  whether  a 
sinking  fund  should  or  should  not  also 
be  earned  and  allowed  is  perhaps  a 
"local-option"  question,  inasmuch  as  it 


merely  affects  the  distribution  of  the 
burden  of  construction,  and  not  its 
amount. 
If  a  sinking  fund  be  added,  the  item  of 
interest  upon  invested  capital  included 
above  would  be  omitted,  of  course,  after 
the  amortization  of  the  debt  of  construc- 
tion by  the  sinking  fund.  If  the  annual 
contribution  to  the  sinking  fund  be  large, 
the  construction  debt  will  be  quickly  paid, 
but  the  present  burden  will  be  heavy  upon 
the  consumer;  if  it  is  small,  the  period  will 
be  lengthened  and  the  burden  decreased. 
Views  differ  upon  this  question  which  is 
after  all  one  of  sound  public  policy.  The 
occasional  needs  or  burdens  growing  out 
of  war,  fire,  earthquate,  flood,  or  other 
disaster,  which  have  befallen  cities  from 
time  to  time,  dictate  or  at  least  indicate 
the  wisdom  of  letting  each  generation  bear 
its  own  burdens  and  of  making  regular 
contribution  to  a  sinking  fund,  which  will 
wipe  out  the  construction  debt  within  a 
reasonable  period  of  time,  such  as  20  to 
40  years. 

Referring  now  in  greater  detail  to  these 
elemental  considerations  in  determining 
rates,  the  "operating  expenses"  need  no 
comment,  and  "depreciation"  has  already 
been  discussed ;  the  "rate  of  interest," 
the  "base  upon  which  it  is  to  be  figured," 
and  the  "reasonable  profit"  are  not  so  easy 
of  determination. 

The  Rate  of  Interest. — This  rate  should 
not  be  that  at  which  the  city  or  town  could 
borrow  money,  even  upon  its  water-works 
securities,  as  the  community's  credit  rather 
than  the  actual  hazard  would  be  reflected 
in  this  rate;  neither  should  the  rate  at 
which  the  company  has  borrowed  money 
be  cGi^rolling,  though  it  may  be  confirma- 
tory evidence.  The  customary  rate  of  in- 
terest prevailing  upon  securities  or  loans 
of  equal  security  or  hazard  should  gov- 
ern. In  New  England,  rates  of  5  to  6% 
may  be  considered,  perhaps,  as  typical  of 
average   conditions   in   recent  years. 

Under  the  method  of  valuation  discussed 
herein,  the  rate  of  interest  actually  adopt- 
ed and  used  makes  no  difference  in  the 
final  valuation  of  a  plant  which  is  earning 
its  maximum  lawful  return.  It  pertains 
only  to  the  rating,  to  the  determination  of 
the  maximum  lawful  income  from  the  giv- 
en investment  under  existing  conditions. 
As  far  as  the  value  goes,  it  makes  no  dif- 
ference whether  the  rate  be  assumed  to 
be  5  or  10%,  for  having  once  determined 
the  lawful,  annual  income  (based  upon  this 
given  rate),  the  value  may  be  obtained  by 
capitalizing  this  income  at  the  assumed 
rate  of  interest,  or,  what  is  exactly  the 
same  thing,  having  determined  the  base  on 
which  interest  and  profit  are  to  be  cal- 
culated (in  the  building  up  of  the  lawful 
income),  the  value  is  obtained  by  increas- 
ing this  base  by  the  profit  increment,  or 
ratio,  to  be  allowed  for  assuming  this  pub- 
lic duty  or  performing  this  public  service. 
This  subject  is  further  discussed  under  a 
latre   paragraph   upon   "Reasonable   Profit." 


The  Base  on  ll'hieh  the  Interest  is  to 
Be  Calculated. — This  factor  requires  the 
most  careful  thought.  Should  interest  be 
computed,  first,  upon  the  reproduction  cost 
at  the  time  under  consideration ;  or,  sec- 
ond, upon  a  fair  average  reproduction  cost 
during  a  period  of  years  long  enough  to 
give  normal  or  mean  business  conditions; 
or  third,  upon  actual  cost  of  the  works? 
The  courts  have  prescribed  the  first,  as  one 
of  the  fundamental  considerations  of  value, 
but  they  have  also  attached  great  value  to 
the  last.  The  second  method  has  always 
seemed  to  the  writer,  on  the  whole,  the 
most  equitable  of  the  three. 

In  figuring  the  cost  to  the  public  of  sup- 
plying its  own  service,  this  cost  may  be 
based  upon  the  reproduction  cost  of  the 
plant,  upon  the  theory  that  the  rating  is 
made  as  of  the  date  of  taking,  and  cur- 
rent prices,  therefore,  should  control,  or 
upon  the  original  cost,  on  the  theory  that 
the  company  is  entitled  to  a  consideration 
of  its  actual  investment.  Each  method  has 
its  objections,  the  former,  in  that  in  a 
period  of  exceedingly  high,  if  not  actually 
inflated,  prices  for  materials  and  labor, 
such  as  that  through  which  we  have  passed 
recently,  the  reproduction  cost  would  be 
abnormally  high  and  as  injurious  and  un- 
fair to  the  public  as  would  be  the  condi- 
tions to  the  company  under  abnormally 
low  prices;  the  latter,  in  that  the  town  is 
no  more  entitled  to  the  benefit  of  the  par- 
ticular advantages  accruing  to  the  com- 
pany for  unusual  good  fortune,  or  econo- 
my of  or  shrewdness  in  construction,  than 
it  is  to  be  held  responsible  for  any  negli- 
gence, bad  judgment,  or  lack  of  prudence, 
foresight  or  economy  on  the  part  of  the 
company.  There  would  seem  to  be  some 
justice,  therefore,  in  basing  the  cost-to- 
the-public-of-furnishing-the-service  (as  a 
gauge  of  fair  rates  to  the  company)  rather 
upon  what  might  be  termed  the  fair  aver- 
age prices  for  a  period  of  years,  than  upon 
the  actual  reproduction  or  original  costs, 
though  the  Maine  Court  has  said  that  re- 
production cost  should  be  figured  on  actual 
prices  and  that  the  owner  is  entitled  to  any 
appreciation,  or  must  suffer  the  loss  due 
to  any  depreciation,  growing  out  of  change 
in  prices  since  the  original  construction. 

In  the  case  of  a  limited  and  expiring 
franchise,  too,  the  reproduction  cost,  as 
of  that  date,  decreased  by  the  deprecia- 
tion to  date  and  increased  by  the  going 
concern  value,  would  seem  to  furnish  the 
proper  basis  for  valuation  under  existing 
laws,  though,  in  equity,  it  would  appear 
fairer  to  compute  its  reproduction  cost  on 
average  prices  prevailing  over  a  past  pe- 
riod of  years,  rather  than  upon  actual 
prices  at  the  time  under  question. 

The  Reasonable  Profit  Increment  or  Al- 
lozvance. — The  reasonable  ratio  or  excess 
of  profit  over  cost  to  be  allowed  to  the 
public  service  or  quasi-municipal  corpora- 
tion is  largely  a  question  of  good  sound 
judgment  based  on  an  intimate  knowledge 
of  all  the  facts  and  the  local  circumstances 
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bearing  upon  the  case  in  question.  Gen- 
erally speaking,  this  uhimatc  ratio,  corre- 
sponding to  thf  development  of  the  max- 
imuni  lawful  iiiconit  for  any  given  invest- 
ment, may  lie  between  'Jo  and  50%,  but 
even  these  limits  may  be  exceeded. 

With  good,  energetic  and  thrifty  man 
agemcnt,  the  maximum  development  and 
profit  increment  will  be  reached  early  in 
the  history  of  the  plant  and  may  be  main- 
tained tliroughout  its  life;  with  bad  man- 
agement, its  development  will  be  delayed 
or  may  never  be  reached,  and  even  the 
original  investment  or  capital  may  be  im- 
paired  or   lost. 

Tht  profit  ratio,  as  indeed  the  interest 
rate,  is  thus  dependent  on  the  character 
and  stage  of  development  of  the  plant;  on 
the  magnitude  of  the  project;  the  charac- 
ter of  the  community,  its  size,  rate  and 
permanence  of  growth,  wealth,  compara- 
tive safety,  stability,  prosperity,  liberality, 
nationality ;  on  the  attitude  of  the  com- 
munity and  of  the  courts ;  and  on  the 
character  of  franchise;  physical  environ- 
ment as  affecting  possible  competition ;  the 
character  and  efficiency  of  the  physical 
plant ;  the  physical  risks :  the  provision  for 
future  needs,  etc. 

In  this  connection  attention  should  be 
called  to  three  considerations,  sometimes 
lost  sight  of,  which  should  be  borne  in 
mind  in  reviewing  past  operations  of  any 
corporation  with  reference  to  present  valu- 
ation or  rating: 

First. — The  difference   in   the   water-works 
standards  of  today,  as  compared   with 
those  of  the  past. 
Second. — The    change    in    attitude    of    the 
public   toward   quasi-municipal   corpor- 
ations,  the   progressively   closer   public 
supervision   of     their     operations,    and 
the  greater  limitations  put  upon  them. 
Third.— The  extent  to  which  the  past  op- 
erations and  earnings  of  the  company, 
at    rates    which    have    not    been    chal- 
lenged for  a  long  period  of  years,  may 
be  presumptive  evidence  of  their  sup- 
posed   fairness    from   the   public   point 
of   view    regardless   of   actual   cost   to 
the  company  of  furnishing  the  service, 
and  even  though  they  may  show  to  the 
company  an   unreasonably   large   profit 
upon  the  actual  capital  invested. 
Fourth.— The  effect  of   past  determination 
of   value  or  of   fair   rates  by   legal  or 
judicial   procedure    after    litigation   of 
these  questions. 
The    third    consideration    is    one    of    the 
most     difficult     to     handle,    for,     on    one 
hand,    innocent    investors    who    have    pur- 
chased   water    company    securities    upon    a 
basis  of  their   earning  capacity  or  market 
value,  under  rates  long  in  force  and  never 
called    into    question,    are    ranged    against 
the   public   with    its    right   to   demand   effi- 
cient service  at  rates  that  are  not  exorbi- 
tant to  the   water   consumers,   cither   indi- 
vidually   or     collectively,     and    that     shall 
show  to  the  company  and  its  investors  no 


more    than    a    reasonable    profit    upon    its 
properly. 

If  the  property  or  rates  have  been  sub- 
ject to  controversy  and  legal  adjudication 
prior  to  the  valuation,  the  results  reached 
at  that  time  would  seem  to  furnish  a  suit- 
able starting  point  for  subsequent  valua- 
tion, and,  perhaps,  prevent  the  possible 
oversight  of  the  elements  referred  to. 

Disposition  of  Excessive  Rates. —  If, 
judged  by  the  worth  of  the  service  to  the 
consumer,  the  rates  are  excessive,  the  ex- 
cess should  apply  to  reduction  in  rates, 
betterment  of  service,  if  the  latter  be 
needed,  or  to  reduction  in  debt ;  and  any 
increase  in  net  annual  income  (over  and 
above  the  demands  of  increased  operat- 
ing, maintenance,  or  fixed  charges  grow- 
ing out  of  additional  investment)  should 
apply  to  the  same  end — reduction  of  rates ; 
or,  as  Mr.  Heath,  Counsel  for  the  Liver- 
more  Falls  Water  District,  aptly  put  it, 
in  his  final  argument: 

'■  *  *  *  Any  additional  net  income  de-  ' 
rivable  here  would  be  excessive ;  and  we 
would  approach  that  stage  in  rating  when, 
as  they  call  it  in  the  books,  under  the  law 
of  increasing  returns,  the  new  additional 
net  income  should  inure  to  the  benefit  of 
the  public  served,  *  *  *"  and  Mr.  Heath 
went  on  further  to  draw  a  parallel  with 
the  history  of  the  railroads  of  the  United 
States  which,  with  increasing  tonnage,  have 
been  able  to  reduce  their  rates  enormously. 

•'This  is  but  the  natural  operation  of  the 
economic  law  in  public  channels,  a  recog- 
nition of  it  by  men  who  knew  and  under- 
stood that  they  were  public  servants ;  and 
that  as  the  business  increased  the  public 
got  the  benefit  of  it. 

"  *  *  *  We  have  shown  that  the  day  has 
come  in  the  history  of  this  plant  when  the 
future  increment  in  income  belongs  to  the 
people  by  way  of  reduction  of  rates,  a  just 
principle.  Mr.  Chairman,  because  a  cer- 
tain amount  having  been  invested  by  some- 
body, having  built  a  good  plant,  having 
covered  the  area,  then  there  should  be  an 
hour  some  time  in  the  history  of  this  and 
all  water  companies  when  they  reach  the 
maximum  net  income  that  is  lawfully  de- 
rivable, holdable  and  keepable  from  that 
plant;  and  when  you  go  beyond  that,  the 
hour  of  the  people  has  come  to  receive 
proper  reductions  in  their  rates.  N'ow  as- 
suming that  I  am  right  in  these  proposi- 
tions, let  us  view  the  matter  from  the 
standpoint  of  the  element  of  fairness  to 
the  company.  The  Court  has  said  ♦  •  •  in 
this  Brunswick  decision.  •  *  •  that  the 
amount  of  money  actually  and  wisely  ex- 
pended is  a  primary  consideration  in  this 
matter  of  a  fair  return;  and  it  ought  to 
be,  because  the  money  invested  ought  to 
be  protected  by  the  courts  and  legislature, 
so  far  as  can  be  done  with  justice  to  the 
public;  and  if  it  be  that  they  can  get  a 
fair  return  upon  money  originally  expend- 
ed, at  the  same  time  doing  it  without  op- 
pressing the  people,  and  not  exceeding  the 
worth   of   the   service  to    the    community. 


they  ought  to  have  it— otherwise  we  would 
have  no  water-works." 

The  owner  of  the  water- works  benefits 
not  only  by  the  allowance  to  him  of  a  re- 
turn in  excess  of  the  cost  to  the  commun- 
ity of  furnishing  a  like  service,  but  also 
by  the  greater  security  of  his _  investment 
growing  out  of  the  just  recognition  of 
these  principles. 


extracts  from  Argument  of  Hun.  Herbert 
M.  Heath,  Counsel  for  Water  District  in 
Portland,  Maine,  Case,  upon  Method  of 
I'aluation,  Reasonable  Profit  Ratio ^  and 
Rate  of  Interest  to  Be  Allowed  upon 
Capital  Used. 

[This  part  of  the  original  paper  covered 
seven  pages  and  is  omitted  from  our  ab- 
stract.— Editors.) 


Application  of  Foregoing  Principles  in  the 
Livermore  Falls  H'ater-Works  Valua- 
tion. 

[This  part  occupied  6  pages  and  is  omit- 
ted.— Editors.] 

(To  be  concluded.) 


.\  plan  has  been  submitted  to  the  New 
York  State  Public  Service  Commission  by 
Mr.  Duncan  D.  McBean  for  a  freight  sub- 
way system  for  Xew  York  city,  to  cost 
about  $130,000,000.  The  plans  propose  the 
construction  of  tunnels  and  subways  to 
bring  the  passenger  trains  of  the  Central 
Railroad  of  Xew  Jersey,  Baltimore  &  Ohio 
R.  R.,  Lehigh  Valley  R.  R.,  Philadelphia 
&  Reading  R.  R..  Erie  R.  R.,  Delaware, 
Lackawanna  &  Western  R.  R..  Xew  York. 
Xew  Haven  &  Hartford  R.  R.  and  Long 
Island  Railroad  (Bushwick  branch)  into 
a  union  passenger  station  in  Manhattan 
located  at  the  site  bounded  by  Park  Row, 
Oliver  street.  Cherry  and  Pearl  streets. 
The  plan  also  proposes  to  enable  the  above 
railroads  and  also  the  Pennsylvania.  Lake 
Shore.  Xew  York  Central  and  the  Harlem 
R.  R.  to  deliver  their  freight  cars  in  Man- 
hattan and  the  Bronx  through  combined 
railroad  and  roadway  subways  constructed 
in  the  following  streets :  West  street, 
from  Liberty  street  to  'HA  St..  thence  in 
11th  .\ve.  to  42d  St.:  in  South  St.,  from 
Whitehall  St.  to  Gouvcneur  Slip ;  in  West 
Broadway,  from  Vesey  St.  to  Fifth  Ave. ; 
in  Fifth  Ave.,  north  to  23d  St.  and  Broad- 
way ;  in  Broadway,  from  23d  St.  north  to 
34th  St.  and  Sixth  .\vc. ;  in  Sixth  Ave., 
from  34th  St.  north  to  59th  St.;  in  79th 
St..  from  First  .\ve.  to  Lexington  Ave. ; 
in  SCth  St.,  from  Eighth  Ave.  to  Broad- 
way ;  in  Seventh  .Vvc..  from  1 10th  St.  to 
I.'Vith  St.;  in  Willis  .\vc.  ( Bronx t.  from 
1.34th  St.  to  U8th  St. 


Tile  incoming  governors  of  five  Xew 
F.ngland  states — Maine,  New  Hampshire, 
Rhcxle  Island,  Massachusetts  and  Connecti- 
cut—are to  recommend  to  the  respective 
legislatures  that  uniform  laws  be  passed 
in  regard  to  forestry,  fisheries  and  auto- 
mobiles. 
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Bridges,  Buildings  and  Foundations 


Note:  This  section  is  devoted  to  methods  and  costs  of  constructing  steel 
and  masonry  bridges  and  buildings  and  of  foundation  work  of  all  kinds.  It 
will  give  special  attention  to  erection  plant  and  tools,  falseworks  and  centers 
and  cost  data  of  all  kinds. 


Design   of    Centering    for     233-Foot 

Concrete     Arch     Walnut      Lane 

Bridge,  Philadelphia,  Pa.,  With 

Some  Comparisons 

of  Cost. 

For  very  long  concrete  arches  the  prob- 
lem of  construction  outranks  the  problem 
of  structural  design  in  difficulty,  and  is  at 
least  equally  as  important.  The  chief  prob- 
lem in  construction  is  the  design  and  build- 
ing of  the  centering  which  must  support 
the  arch,  not  only  safely  but  rigidly,  during 
construction.  Very  few  arch  centers  of 
over  200  ft.  span  have  been  designed  be- 
cause engineers  have  built  very  few  arches 
of  such  span.  Such  large  centers  might 
be  considered  to  be  of  minor  interest, 
therefore,  were  it  not  for  one  thing,  which 
is  that  reinforced  concrete  is  offering  op- 
portunities to  engineers  for  long  span 
arch  bridges,  which  the  cost  and  structural 
limitations  of  cut  stone  made  comparatively 
rare.  There  is  now  nearly  completed  at 
Philadelphia,  Pa.,  a  concrete  arch  of  233 
ft.  span ;  foundation  work  is  in  progress  at 
Cleveland,  Ohio,  for  a  concrete  arch  bridge 
of  280  ft.  span,  and  all  engineers  have  in 
mind  the  proposed  Hudson  Memorial 
bridge  at  New  York,  with  its  mammoth 
arch  span  of  T03  ft.  In  Europe  a  concrete 
arch  of  259*/4  ft.  span  has  just  been  com- 
pleted in  Switzerland.  The  design  of  long 
span  arch  centers,  therefore,  assumes  a 
position  of  practical  interest  to  engineers 
which  formerly  it  perhaps  did  not  have, 
and  data  bearing  on  the  problem  are  of 
value. 

The  design  of  the  center  for  the  2.33-ft. 
arch.  Walnut  Lane  bridge,  at  Philadelphia, 
is  described  by  Mr.  George  M.  Heller  in 
the  "Proceedings  of  the  Engineers'  Club 
of  Philadelphia,"  for  July,  1908.  Compar- 
isons were  drawn  by  Mr.  Heller  between 
this  center  and  tliose  of  two  European  arch 
bridges  of  similarly  large  span.  We  have 
redrawn  the  illustrations  and  abstracted  the 
main  portion  of  this  discussion  for  presen- 
tation here. 

Dimensions  of  Arch. — The  main  arch 
of  the  Walnut  Lane  bridge  consists  of  two 
arch  ribs,  each  18  ft.  wide  at  the  crown  and 
21  ft.  C  ins.  wide  at  the  skewback;  these 
ribs  are  spaced  34  ft.  c.  to  c,  and  are  5 
ft.  0  ins.  deep  at  the  crown  and  9  ft.  6 
ins.  deep  at  the  skewback ;  the  span  is  233 
ft.  in  the  clear,  and  the  height  of  the  sof- 
fit at  the  crown  above  the  springing  line 
is  70  ft.  3  ins. 

The  two  main  ribs  carry  spandrel  piers 
and  a  series  of  siiandrel  arches  upon  which 
the  spandrel  walls  arc  built  up  to  the  height 


to  receive  the  floor,  which  consists  of  steel 
beams  with  concrete  arches  between,  and  it 
is  upon  this  floor  that  the  roadway  and 
sidewalk  paving  is  laid,  the  roadway  being 
40  ft.  wide  and  the  two  sidewalks  each  8 
ft.  wide.  The  height  of  the  soffit  of  the 
arch  above  the  surface  of  the  creek  is 
about  136  ft.,  while  the  roadway  of  the 
bridge  is  about  14  ft.  higher,  making  about 
150  ft. 

Design  of  Centering. — The  features 
therefore  presented  in  the  problem  of  de- 
signing suitable  centering  for  the  main 
arch  span  were,  to  support  during  con- 
struction an  arch  rib.  whose  weight  per 
horizontal  foot,  exclusive  of  spandrels, 
varied  from  20  tons  at  the  skewback  to  8 
tons  at  the  crown,  or  a  total  here  of  3,100 
tons,  making  an  average  weight  of  arch  rib 
of  14  tons  per  horizontal  foot.  Besides  car- 
rying this  load  it  was,  to  resist  wind  pres- 


by  insuring  the  accurate  profile  of  the  arch 
at  each  point  of  support. 

It  is  also  necessary,  while  considering  the 
nature  of  the  design,  to  remark  the  fact  of 
the  arch  itself  being  composed  of  two  inde- 
pendent and  separate  ribs.  This  feature 
allowed  the  construction  of  each  rib  by 
itself  and  so  presented  an  opportunity  of 
reducing  the  cost  of  the  centering  by  per- 
mitting one  arch  rib  to  be  constructed  first 
on  centeping  necessary  for  one  rib,  and 
then,  when  the  arch  is  completed,  to  move 
the  same  centering  transversely  so  as  to 
serve  for  the  construction  of  the  adjacent 
arch  rib.  This  feature  of  construction  was 
embodied  in  the  design,  and  it  was  found 
not  only  to  be  feasible,  but  also  simple  and 
easy  of  action,  even  though  the  mass  of 
timbering  was  so  great  and  covered  so  large 
an  area.  It  was  also  thought  proper  to 
use  steel  in  the  construction  of  the  bottom 
of  the  centering  for,  as  a  material,  it  af- 
forded better  facilities  for  making  joints 
capable  of  withstanding  possible  vibration 
in  moving,  and  it  formed  a  firm  foundation, 
all  parts  of  which  acted  together  as  a  unit 
and  allowed  the  whole  mass  to  be  moved 
true  to  line  and  v/ithout  distortion  or  acci- 
dent to  its  new  position. 

Beginning   with   the   base   of   the  center- 
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Fig.  1 — Diagram  Elevation  and  Transverse    Section    of    Centering    for 
Walnut  Lane  Bridge. 


sure  covering  an  area  of  232  ft.  long  by 
136  ft.  high ;  to  guard  against  possible 
freshets  ;  to  provide  for  a  transverse  move- 
ment of  34  ft.,  together  with  means  of  ad- 
justment and  release  of  supports,  and  to 
reduce  the  deflection  of  the  arch  during 
construction  to  a   minimum. 

It  was  thought  unwise  to  use  any  truss 
system  to  carry  the  weight  of  the  arch  dur- 
ing construction,  for  this  would  naturally 
involve  deflection  within  the  truss  itself, 
while  witli  a  number  of  vertical  supports 
each  carried  down  to  firm  rock,  these  sup- 
ports would  distribute  the  load  over  a  great 
number  of  points  and  so  avoid  deflection 
and  consequently  preserve  most  accurately 
the  proper  profile  of  the  arch,  so  that  when 
finished,  the  line  of  profile  would  not  be 
marred   by   any  irregularities    in   its   curve. 

These  considerations  led  to  the  adoption 
of  the  present  design.  Fig.  1,  in  which  each 
supporting  point  was  made  sufficient  for 
its  own  part  and  independent  of  all  others 
and  capable  of  individual  adjustment,  there- 


nig,  th.e  steel  trestle  supports.  Fig.  2,  were 
spaced  24  ft.  and  30  ft.  apart  and  were 
carried  on  concrete  piers  founded  upon 
and  doweled  into  the  solid  rock.  These 
piers  were  carried  up  to  a  uniform  height 
above  all  danger  of  freshet,  and  they 
formed  the  basic  foundation  upon  which 
the  whole  mass  of  steel  and  timber  was 
designed  to  move.  Each  steel  trestle  was 
securely  anchored  into  its  pier  by  1%  in. 
steel  rods,  and  these  rods  served  to  guard 
against  freshets  and  wind  and  were  re- 
leased when  the  centering  was  moved. 

The  movement  of  the  centering  was  ac- 
complished by  placing  on  each  pier  a  series 
of  ten  steel  rollers,  each  6  ins.  in  diameter, 
rolling  on  steel  plates  built  into  the  tops  of 
the  piers ;  each  roller  was  capable  of  bear- 
ing in  safety  10  tons,  making  100  tons, 
which  was  the  total  maximum  weight  at 
the  center  pier  to  be  moved.  The  steel 
bents  rested  upon  these  rollers,  and  upon 
completion  of  the  erection  of  one  rib  of 
the  arch  they  were  all  moved  in  unison  by 
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placing  jacks  iR-twcen  the  bottom  end  ut 
tacli  steel  bent  und  a  stndilcd  anchor  chain 
which  formed  a  cradle  or  saddle  against 
which  the  jack  ivorkcd,  the  ends  of  the 
chain  being  attached  to  timbers  previously 
built  into  the  piers  for  that  purpose ;  this 
method  of  translation  proved  to  be  quite 
effective,  and  the  whole  distance  of  34  ft. 
was  covered  in  the  space  of  three  days. 

The  total  weight  moved  can  be  fairly 
stated  to  be  al)Out  1.000  tons.  This  amount 
is  found  by  taking  the  total  weight  of  bolts, 
steel  trestle  and  timber  trestle,  and  allow- 
ing in  the  case  of  timber  5  lbs.  per  ft.  B.  M., 
the  timber  being  probably  very  heavy  from 
the  absorption  of  water  from  the  structure. 
This  great  weight,  covering  a  length  of 
say.  23ft  ft.  and  a  width  of  •")<•  ft,  was 
moved  by  jacks  having  a  sum  total  ca- 
pacity of  ;W-'i  tons  acting  at  15  points. 

I'pon  the  steel  trestle  and  its  floor  of  10 
lines  of  •24-in.  steel  beams  the  timber  tres- 


wllerv  they  would  Ic  must  illectiie  ui  uiaui- 
taining  the  proper  equilibrium,  horizon- 
tally, of  the  arch  rib  during  its  various 
stages  of  construction ;  these  timbers  were 
continuous  from  end  to  end  of  the  hori- 
zontal elevation  at  which  they  were  placed 
and  were  thoroughly  spliced,  butt-jointed, 
and  connected  to  the  vertical  trestle  bents 
throughout  their  length,  serving  also  as  a 
longitudinal  lie  between  the  trestle  bents 
themselves.  Usually  the  framing  is  so  ar- 
ranged that  the  horizontal  strains  developed 
are  resisted  by  inclined  posts  mortised  into 
the  verticals,  but  in  the  present  centering 
we  remark  the  entire  absence  of  such  tim- 
bers, and  in  ti.eir  place  horizontal  timbers 
were  provided  having  a  definite  action 
which  would  be  more  effective  than  if  in- 
clined :  generally  horizontal  string  pieces 
arc  used,  acting  simply  as  string  pieces  in 
conjunction  with  the  inclined  struts,  but  in 
the  present  ease  entire  reliance   was  placed 


uf  ihc  final  keying  of  the  masonry  of  the 
arch  rib,  it  was  found  that  the  soffit  of  the 
centering  at  the  crown  had  finally  settled 
to  1  in.  below  normal  height,  making  a 
total  settlement  of  the  centering  of  3H  ins. 
at  the  crown :  this  measurement  was  taken 
at  the  time  the  centering  was  removed. 

A  feature  of  great  interest  will  be  found 
in  the  manner  of  supporting  the  lagging, 
which  forms  simply  a  platform  upon  which 
the  masonry  of  the  arch  is  formed  during 
its  construction.  This  platform  can  be 
formed  in  several  ways  upon  the  vertical 
supports  of  the  falsework  itself,  but  in  the 
present  case  it  was  thought  best  to  frame 
the  platform  so  that  each  vertical  support 
would  carry  its  own  load  without  any  con- 
nection with  adjacent  supports ;  there  is 
therefore  in  each  span  a  series  of  joists  laid 
parallel  to  the  span  of  the  arch  and  ex- 
tending only  from  one  support  to  the  next 
support,  and  upon  these  joists  the  lagging 
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Fig.     2— Details     of      "Steel      Trestle" 
Portion   of  Centering. 
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Fig.  3 — Details  of  "Staging"  Portion  of  Centering. 


tie  is  supported,  the  bents  being  I'J  it.  and 
Ij  ft.  apart.  This  timber  trestle  is  made 
in  two  portions,  the  lower  portion,  called 
the  staging.  Fig.  3.  being  of  uniform  height, 
with  its  posts,  caps,  and  sills  of  10x10  in. 
timber,  and  the  upper  portion,  called  the 
upper  trestle.  Fig.  4,  of  varying  height  to 
suit  the  soffit  of  the  arch  with  its  pi5ls  and 
sills  of  10x10  in.  timber  and  caps  of  10x10 
in.  timl)er.  These  caps  carry  the  (ixlll  in 
and  fixl8-in.  timlier  joists  spaced  12  ins. 
on  centers,  dressed  to  th.e  curve  of  the  arch. 
L'pon  these  joists  the  11^-in.  tongued  and 
grooved  lagging  is  laid,  which  completes 
the  construction  of  the  centering.  .\11  tim 
her  was  of  yellow  pine  and  thoroughly 
braced  and  bolted  throughout  with  2xO-in. 
braces  and  %-in  bolts. 

The  horizontal  strains  developed  in  the 
centering  were  provided  for  by  introducing 
in  the  framing  3  .\  12-in.  and  4  x  12-in.  hori- 
zintal      timbers     at      different      elevations. 


in  the  direct  acting  horizontal  liiiibtis  .is 
being  most  effective ;  the  present  centering 
is  believed  to  be  the  first  where  this  prin- 
ciple was  rigorously  adhered  to. 

There  were  two  spaces  of  about  4  ft.  each 
left  for  adjustment  at  each  point  of  sup- 
port, the  lower  one  between  the  floor  of  the 
steel  trestle  and  the  staging,  and  the  upper 
one  between  the  staging  and  the  upper 
trestle.  The  upper  one  was  used  for  ad- 
justing, by  means  of  jacks  and  wedges,  to 
proper  height  and  for  releasing  when  de- 
sired, while  the  lower  one  was  added  main- 
ly for  emergency  use.  though,  fortunately, 
it  was  not  required  at  any  time;  after  the 
centering  was  erected  true  to  line  and 
height,  the  whole  centering  was  still  fur- 
ther raised  to  about  2H  ins.  above  normal 
height  at  the  crown,  gradually  diminishing 
to  zero  at  the  skewb.icks ;  this  was  to  allow 
for  settlement  of  the  centering  under  the 
weight  of  the  arch  rib.     .At  the  completion 


i>  l.uu.  hi  liic  framing  of  these  joists  they 
presented  an  opportunity  of  utilizing  them 
as  a  continuous  compressive  member,  which, 
following  the  lines  of  the  intrados  of  the 
arch  from  end  to  end,  would  assist  the 
centering  to  that  extent,  and  while  this  as- 
sistance was  more  or  less  indeterminate, 
yet  it  was  made  use  of:  to  secure  such 
combined  action  of  these  joists  in  continu- 
ous compressior^  they  were  not  jointed  end 
to  end  in  a  butt  joint  l)earing,  but  each 
scries  of  joists  was  united  to  the  next  series 
by  .3-in.  oak  tree-nails  2  ft.  ti  ins.  long,  the 
holes  for  which  were  accurately  bored  to 
templet,  thus  insuring  effectiveness  in  action 
and  accuracy  in  profile.  This  method  of 
utilizing  the  joists  in  continuous  compres- 
sion is  believed  to  have  been  used  for  the 
first  time  in  the  present  centering. 

Having  describe<l  in  detail  each  vital  fea- 
ture in  the  design  with  the  steps  leading 
to  the  .idoplion  of  e.ich,  we  may  take  up  the 
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more  tccliiiical  part  relating  to  the  proper-  For   yellow    pine  timber,   beams    1,200   lbs. 

tioning  of  the  various  parts.  per  sq.  in.  on  extreme  fiber; 

The  unit   strains   allowed   in   timber   and  L' 

steel  were  the  usual  ones  allowed  for  per-      posts,  1,200  -;•  (1  -|-  )  lbs.  per  sq.  in. 


manent   work ;  no  reduction  was  made  on 
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Fig.    4 — Details    of    "Upper    Trestle"  Portion    of    Centering. 


these,  for  the  reason  that  the  centering  had 
not  only  to  serve  for  the  construction  of 
one  arch  rib,  but  had  also  to  serve,  under 
deteriorated  conditions,  for  the  second  arch 
rib,  and  the  whole  service  covering  a  period 
of  about  a  year;  besides  it  was  necessary  to 
allow  for  inequalities  of  distribution  in  the 


For  structural  steel,  beams  16,000  lbs.  per 
sq.  in.  on  extreme  fiber; 


posts,  12,000  -^  (1-t- 


-)  lbs.  per  sq.  in. 


36,000  ?•= 
Rollers  400 Vd  lbs.  per  lin.  in. 
In  above  formulas  L  is  the  length,  D   is 


ters  of  great  interest,  both  in  regard  to  the 
arch  and  also  in  regard  to  the  manner  of 
release  and  the  consequent  action  of  the 
arch  and  centering  individually ;  it  is  al- 
ways a  critical  time  and  a  period  of  prime 
importance.  In  the  present  case  the  ma- 
sonry of  the  first  rib  was  required  to  re- 
main on  the  centering  for  a  period  of  at 
least  one  month  after  the  final  keying,  after 
which  the  centering  was  allowed  to  be 
released  and  removed  into  position  for  the 
construction  of  the  second  rib.  In  releas- 
ing the  centering  the  wedges  at  the  skew- 
backs  were  first  made  entirely  clear  in  or- 
der to  prevent  the  arching  or  binding  of 
the  lagging  at  the  haunch  ends  against  the 
arch  rib ;  after  this,  the  whole  system  of 
wedges  at  the  base  of  the  upper  trestle  was 
slightly  lowered  in  continuous  succession, 
beginning  at  the  center  and  advancing  out- 
wardly, and  simultaneously  each  way  to 
the  skewbacks ;  after  this  was  done,  the 
operation  was  repeated  in  the  same  man- 
ner, making  each  separate  point  entirely 
clear  of  the  arch  rib  from  the  center  each 
way  to  the  ends.  This  system  of  release 
was  thought  to  be  most  proper  in  accom- 
plishing the  desired  object  of  gradually 
causing  the-  arch  rib  to  assume  and  per- 
form its  proper  function  in  its  entirety. 
Upon  the  complete  release  of  the  centering 
it  was  found  by  means  of  leveling  instru- 
ments trained  on  targets  placed  at  various 
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Fig.  5 — Centering  for  the  Plauen  Stone    Arch    Bridge. 


weights    borne,    so   that   these   unit   strains 
could  withstand  an  increase  of  50  per  cent. 
upon   the   normal   strain   should   this    con- 
tingency agency  arise,  and  yet  be  safe. 
The    folowing    unit    strains    were    used : 


the  side,  r  is  the  radius  of  gyration,  and  d 
is  the  diameter — all  dimensions  being  in 
inches. 

The  completion  of  any  arch  masonry  and 
the  release  of  its  centering  are  always  mat- 


points  on  the  face  of  the  arch  rib,  that  the 
crown  settled  but  %  in.  (after  the  support 
of  the  centering  was  entirely  removed). 

It  is  well  to  state  that  the  nature  of  the 
design  was  such  as  to  allow  of  its  fabrica- 
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Fig.   6 — Centering   for   the    Luxemburg   Stone   Arch   Bridge. 
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lion  on  the  site  by  the  contractor.  This  is 
thought  to  be  an  important  item  financially. 
The  style  of  the  construction,  while  effec- 
tive, was  in  the  main  essentially  simple,  no 
intricate  features  were  involved,  and  the 
workmanship  demanded,  while  l>eing  accur- 
ate, was  still  made  simple  by  means  of 
templets,  which,  being  made  in  multiple 
parts,  thereby  reduced  the  unit  of  cost.  In 
short,  every  effort  was  made  to  make  the 
design  not  only  effective  and  successful  as 
an  engineering  problem,  but  equally  so  as 
a  financial  one ;  the  work,  it  is  believed,  has 
accomplished  both. 

It  may  be  of  interest  to  state  the  quanti- 
ties of  material  used  in  the  construction  of 
the  centering,  and,  for  a  comparative  item, 
that  the  concrete  in  one  arch  rib  amounted 
to  1,.V>0  cu.  yds. 

Bolts,   washers,  nails :i3,0001bs. 

Steel  trestle  and  its  floor. .  .232,000 lbs. 

Lagging  and  joists 88,000  ft.  B.  M. 

Upper  trestle  and  bracing.  .110,000  ft.  B.  M. 
Lower  staging  and  bracing.  136,000  ft.  B.  M. 

Concrete  piers  1,000  c.y. 

Comparative  Data.— It  is  a  noteworthy 
fact  that  engineering  literature  is  peculiarly 
deficient  in  data  regarding  the  centering 
of  arches,  and  it  is  therefore  difficult  to 
compare  one  design  with  another,  even 
though  there  may  be  some  general  features 
in  common.  This  can  only  be  realized 
when  actually  engaged  in  such  inquiry;  in 
the  first  and  main  case  the  data  is  not  read- 
ily accessible,  and  even  when  made  so.  it 
is  so  limited  as  to  afford  little  assistance, 
and  in  general  it  may  be  fairly  stated  that 
the  contingent  circumstances  in  each  case 
are  so  various  as  almost  to  forbid  any  gen- 
eralization. 

Plaucn  Stone  Arch  Bridge— \n  the  cen- 
tering of  the  Plauen  Stone  .•Krch  Bridge, 
span  29.J.27  ft.,  rise  56.41  ft..  Fig.  5,  it  is 
stated  that  1  cubic  unit  of  timber  was  used 
for  every  2  cubic  units  of  masonry;  there- 
fore, taking  this  as  a  guide,  we  find  that 
the  Plauen  centering  was  quite  shallpw, 
and  extended  only  to  springing  line;  also 
that  the  arch  ring  was  built  up  in  its  com- 
plete depth  in  one  o^jeration,  and  so  re- 
quiring the  full  support  of  the  centering 
imtil  final  keying;  therefore  with  this  data 
we  can  make  a  fair  comparison  with  the 
present  Walnut  Lane  centering,  for  both 
have  to  maintain  the  full  support  of  the 
arch  until  keying,  and  they  differ  only  in 
height  of  centering;  therefore,  making  the 
proper  allowance  for  this  feature  in  the 
Walnut  Lane  centering,  we  find  less  timber 
required  in  it  than  in  the  Plauen  arch  ;  5-6 
cubic  unit  of  timber  was  required  for  every 
2  cubic  units  of  masonry  as  shown  below. 

Taking  the  data  from  the  summary  of 
quantities : 

Lagging  and  joists — 
88.000  ft.  B.  M.  X  1       =  88,000  ft.  B.  M 
Trestle  and  bracing — 
70.25 

116.000  ft.  B.  M.  X  =149,000  ft.  B.  M. 

54.63 
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This  gives  an  item  of  237,000  ft.  B.  M.  for 
a  height  of  70.25  ft.  Now,  in  order  to  make 
a  comparison  with  the  Plauen  center- 
ing, the   vertical   trestle   item  of   14!I.0<XI   ft. 

B.  .\1.    should    be    reduced    by    the    ratio 

56.41 

making   it    119.700   ft.   B.    M..   which. 

70.25 

with  the  item  of  88,000  ft.  B.  M.  for  lag- 
ging, makes  a  total  of  207,700  ft.  B.  M.,  or 
640  cu.  yds.  timber  for  1.550  cu.  yds.  ma- 
sonry, or  1  cubic  unit  of  timber  to  each 
2.42  cubic  units  of  masonry,  or  5-6  cubic 
unit  of  timber  to  each  2  cubic  units  of 
masonry. 

Luxemburg  Stone  Arch  Bridge.— In  the 
centering  of  the  Luxemburg  Stone  Arch 
Bridge,  span,  2.36.16  ft.,  rise  53.23  ft..  Fig. 

C,  we  find  an  arch  of  two  ribs  similar  to 
that  of  Walnut  Lane,  but  the  radical  dif- 
ference is  in  the  manner  of  forming  the 
arch  ring,  which  was  to  divide  the  depth 
of  the  arch  into  three  rings  and  to  erect 
and  key  one  ring  at  a  time,  a  method  appli- 
cable to  stone  arches,  but  not  so  applicable 
to  concrete  arches.  This  method  of  erec- 
tion manifestly  allowed  a  lighter  centering 
than  otherwise,  for  the  completion  and  key- 
ing up  of  the  first  ring  made  it  assist  the 
center  in  carrying  the  second,  and  the  sec- 
ong  ring  when  completed  also  assisted  the 
center,  together  with  the  first  ring,  in  car- 
rying the  third  ring  until  its  completion ; 
therefore,  as  regards  the  strength  of  the 
center  it  appears  fair  to  consider  it  as  be- 
ing built  with  sufficient  strength  to  sup- 
port two  rings  until  the  final  keying  of  the 
second  ring ;  the  amount  of  masonry  there- 
fore carried  by  the  center  being  two-thirds 
of  the  whole  complete  arch. 

In  order  to  effect  a  comparison  between 
the  Luxemburg  and  Walnut  Lane  center- 
ings it  was  thought  that  means  could  be 
obtained  by  evaluating  the  summary  of 
quantities  in  each  case  according  to  the 
quality  of  work  and  material,  and  thus  ob- 
tain a  comparative  ratio  by  means  of  the 
total  values  for  the  amount  of  masonry 
carried  :  this  is  shown  below : 

Luxemburg : 
Timber. . . .  145.000  ft.  B.  M.  at  $80.00   $11,600 

Metal 157,000  lbs.  .06       9.420 

Masonrv...        480  c.y.  7.50       3.600 


$24,620 
In  one  arch  rib  1,110  c.y.  masonry. 
Walnut  Lane : 
Timber. . .  .340,000  ft.  B.  M.  at  $65.00   r22.100 

Metal 265,000  lbs.  04     10.600 

Masonrv...     1,000  c.y.  10.00     10,000 


237,000 


^2,700 
In  one  arch  rib.  1.550  c.y.  masonry. 
If  we  assume  that  the  Luxemburg  cen- 
tering carried  two  rings  until  final  keying, 
which  would  mean  two-thirds  of  the  total 
arch  rib,  then  to  carry  the  three  rings  would 
be  50  per  cent,  more ;  therefore  we  have 

$24,620  +  $12,310  =  $36,930  for  2.220  cu. 
yds.  masonry  =  $16.65  per  cu.  yd.  masonry. 
And  for  the  Walnut  Lane  centering  we 
have 


$42,7Wi  for  3,100  cu.  yds.  masonry  = 
$13.80  per  cu.  yd.  masonry. 
Or  the  centering  of  the  type  of  Walnut 
Lane  costs  5-6  of  the  cost  of  centering  of 
the  type  of  Luxemburg ;  and  in  this  con- 
nection it  is  well  to  note  that  the  value  of 
the  above  ratio  obtained  will  not  be  ap- 
preciably changed  by  using  other  compara- 
tive units  of  value  for  work  and  materials 
than  those  assumed  above. 


Further   information   regarding   the  pre- 
mature explosion  of  dynamite   Dec.   12  at 
Bas  Obispa  on  the  Isthmian  Canal  is  given 
in  the   Canal   Record  of   Dec.   16.     Up  to 
now,  Dec.   15,  19  men  were  dead,  40  were 
more    or    less    injured    and    several    were 
missing    as    the    result    of    the    explosion. 
The    accident    occurred    at    11:10    o'clock 
when  the  men  were  leaving  for  their  noon- 
day meal.  Fifty-two  holes  had  been  loaded. 
The   cause   of   the   explosion   can   only   be 
conjectured.     It  was  intended  to  set  off  a 
blast  of  53  holes  containing  44,000  lbs.  of 
45  per  cent  dynamite  shortly  after  5  p.  m.. 
Dec.  12.    The  last  of  the  holes  sprung  had 
been  cooling  for  at  least  two  days  before 
the    dynamite    was    placed    in   them.      The 
charges  had  been  tamped  in  and  fuses  set 
in  all  but  one  of  the  holes.    One  gang  was 
tamping  the  last  hole,  and  the  powder  fore- 
man.   Benjamin    H.    Cole,    was    personally 
supervising  the  work.     A  negro  who  was 
sitting  on  the  ground  beside  the  hole   di- 
recting the  movement  of  the  wooden  tamp- 
ing stick,  was  almost  buried  by  the  explo- 
sion,  but    was   uninjured.     Mr.   Cole   was 
seriously  injured,  but  was  able  to  make  a 
statement   immediately    after   the   accident. 
He  said  that  the  explosion  did  not  begin  in 
the    hole    where    the    tamping    was    being 
done;    that    none    of    the   holes    had   been 
wired,  and   that   he   could  give  no   reason 
for    the     premature     blast.     The     charges 
were  to  have  been  set  off  by  electric  cur- 
rent,   supplied     from    the    Empire    power 
plant.     The  wires  had  not  been  strung,  no 
two  of  the  holes  had  been  joined,  as  the 
firing  is  done  in  parallel  and  not  in  series, 
and    furthermore  the   dynamos   at    Empire 
were  out  of  srr\Hcc  at  the  time  the  acci- 
dent   occurred.     It    was    a   clear   day   and 
there  was  no  lightning  to  which  the  explo- 
sion could  be  ascribed.     Men  who  were  in 
the   cut   at   the  time  say  that   there   were 
two   distinct   explosions,   one  at   the  north 
end  of  the   section   that   had  been  loaded, 
and  another  at  the  south  end.    The  part  of 
the  cut  that  had  been  loaded  for  the  blast 
was  the  west  bank,  and  the  holes  extended 
a  distance  of  about  200  yds.  along  the  cut 
going  down  50  ft.  through  solid  rock.     Be- 
low the  level  of  the  rock  it  was  proposed 
to    displace,    four    steam    shovel    aits    had 
been  made  at  varying  depths,  one  of  them 
being  almost  at  grade.  The  explosion  threw 
a  mass  of  rock,  which  is  estimated  at  55,- 
000   to   60,000   cu.    yds.,    onto   these    lower 
levels,   completely   filling  the   lowest   three 
cuts,  and  piling  the  rock  from  20  to  30  ft. 
higher  over  the  lowest  channel. 
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Railway  Section 


Note:  This  section  is  devoted  to  methods  and  costs  of  constructing  rail- 
ways. It  will  cover  road-bed  and  track  construction,  contractor's  plant  and 
organisation,  surveying  methods  and  permanent  way  structures. 


Comments  on    the    Manufacture  and 
Use  of  Steel  Rails.* 

BY    FRANKLIN    E,    ABBOTT.f 

The  writer  will  endeavor  to  outline  in 
the  simplest  possible  manner  a  description 
of  the  process  of  manufacturing  steel  rails, 
starting  at  the  source  of  supply  of  raw  ma- 
terials, showing  how  they  are  brought  to- 
gether to  begin  the  process  by  making  iron. 
It  should  also  be  kept  in  mind  that  this 
description  will  be  limited  to  the  making 
of  Bessemer  steel  for  the  manufacture  of 
rails  as  now  used. 

All  reference  to  rolling  mills  will  imply 
the  mills  of  the  Lackawanna  Steel  Co.  in 
this  immediate  vicinity,  which  some  have 
already  seen  and  which  you  arc  all  invited 
to  visit  at  any  time. 

Ores  used  at  the  Buffalo  steel  plant  come 
from  Pennsylvania,  Northern  Michigan, 
Wisconsin  and  Minnesota,  with  the  North- 
ern ores  in  predominance. 

Statistics  of  iron  ore  mining  show  that 
fully  two-thirds  of  all  rail  steel  made  in 
the  United  States  come  from  Messebe  ores. 
Deep  ore  mining  is  a  subject  of  great 
inteiest  and  a  full  description  of  the  plans 
and  methods  by  which  it  is  carried  on 
would  require  as  much  time  as  we  propose 
to  give  the  whole  subject  before  us  today. 
But  the  mining  of  Messebe  ores  is  a  simple 
process,  and  being  visible  to  the  observer 
from  the  ground  surface,  a  brief  description 
can  be  readily  made  and  easily  understood. 
These  mines  are  unique  in  every  respect. 
In  the  first  place  the  ore  beds  are  only  a 
shallow  depth  below  the  ground  surface. 
This  depth  will  vary,  but  in  mines  now  be- 
ing worked,  maximum  will  probably  not 
exceed  50  to  60  ft.  The  body  of  earth,  cov- 
ering the  ore,  is  composed  mainly  of  gravel 
and  boulders,  whicli  is  stripped  from  the 
top  of  the  ore  beds  by  ordinary  methods 
of  moving  dirt  in  railroad  construction. 

When  the  ore  is  uncovered,  the  process 
of  mining  by  steam  shovels  begins.  This 
is  carried  on  somewhat  on  the  plan  of  ex- 
cavating a  gravel  pit.  .\  long  trench  is 
started,  and  as  the  depth  increases,  switch- 
back tracks  arc  laid  so  that  a  workable 
track  grade  can  be  maintained,  .\nother 
plan  followed  is  to  start  excavating  the 
mine  circularly ;  that  is,  in  a  sense,  boring 
a  hole  in  the  earth's  surface  anywhere  from 
a  quarter  to  one-half  mile  in  diameter. 
Steam  shovels  are  worked  inside  of  a  cir- 
cular pit,  cutting  away  at  a  depth  of  face 
most    easily   handled.     Tracks    over    which 
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ore  cars  are  operated  are  laid  in  form  of  a 
spiral  to  maximum  curves  and  grade  most 
practicable. 

Ore  dump  cars  are  loaded  direct  by  the 
steam  shovel.  They  are  then  forwarded  to 
the  ore  docks  at  Duluth  and  Superior, 
weighed  as  they  go  on  the  docks,  without 
stopping  the  continuous  motion  of  the  train, 
and  dumped  into  large  pockets.  Having 
weighed  the  carloads,  the  exact  quantity 
of  ore  in  every  pocket  is  known. 

From  these  pockets  the  ore  is  drawn  di- 
rectly into  boats.  Some  handwork  is  neces- 
sary to  properly  trim  the  vessels,  but  the 
loading  is  done  almost  entirely  through 
chutes,  which  distributes  the  ore  quite  even- 
ly and  very  rapidly. 

A  record  of  loading  ore — 1,200  tons  in 
90  minutes — has  been  made.  When  the 
loaded  boats  reach  their  destination  at  the 
steel  plant  docks,  the  ore  is  discharged  by 
self-filling  clam  shell  buckets  and  finally 
reaches  the  piles  at  the  blast  furnaces.  Thus 
the  ore  is  moved  with  scarcely  any  hand- 
work direct  from  its  native  bed  to  the  fur- 
nace, where  it  is  finally  reduced  to  pig 
iron. 

.\  detailed  description  of  the  process  of 
making  iron  is  liardly  pertinent  at  this  junc- 
ture. Suffice  it  to  say  that  the  ore  is  charged 
into  the  furnaces  at  the  top  with  proper 
proportion  of  cake  and  limestone,  and  the 
result  is  the  pig  iron  tapped  out  at  the  base 
of  the  furnace  every  time  the  hearth  gets 
full. 

Making  steel  by  the  direct  process  con- 
sists in  taking  molten  iron  direct  from  the 
blast  furnaces  to  the  steel  plant  and  con- 
tinuing it  through  the  operation  without 
ever  becoming  solidified  till  finished. 

The  iron  is  taken  from  the  furnace  in 
ladles  holding  about  20  tons,  from  which 
it  is  poured  into  a  large  mi.xer  holding 
about  200  tons.  The  object  of  the  mi.xer 
is  to  make  a  better  average  composition  of 
iron,  and  hence  a  more  uniform  grade  of 
steel. 

From  this  large  vessel,  or  mixer,  the  iron 
is  drawn  into  a  ladle  holding  about  10  tons, 
and  from  this  charged  into  the  converter, 
when  the  process  of  steel-making  begins. 

The  converter  consists  of  a  steel  shell 
mounted  on  trunnions,  supported  on  pedes- 
tals so  that  a  semirotary  motion  may  be 
given.  The  tuyeres,  or  special-shaped  per- 
forated fire  bricks,  are  placed  at  the  bottom 
of  the  vessel.  Below  the  tuyeres  is  an  air 
chamber  which  receives  the  blast  of  air 
throi-gh  one  of  the  trunnions,  which  is  hol- 
low and  acts  as  a  blast  main.  On  the  other 
trunnion  the  requisite  turning  gear  is  fixed. 
When  ready  for  a  molten  charge,  the  ves- 


sel is  turned  on  its  axis  into  a  horizontal 
position  and  the  melted  iron  poured  in. 
The  requisite  weight  of  metal  does  not 
reach  the  tuyeres  while  in  that  position. 
The  air  blast  is  admitted  into  the  chambers 
at  the  base  of  the  vessel  and  is  forced 
through  the  perforation  in  tuyeres  into  the 
vessel.  After  the  blast  is  admitted,  the 
vessel  is  returned  to  a  vertical  position  and 
oxidation  of  impurities  in  the  iron  begins 
immediately. 

The  pressure  of  the  blast,  20  to  2.5  lbs. 
per  sq.  in.,  prevents  any  metal  entering  the 
tuyeres.  The  blowing  of  the  iron  in  the 
converters  sets  up  reactions  which  result  in 
decarbonization.  and  also  burns  out  silicon 
and  manganese,  but  sulphur  and  phosphorus 
originally  in  the  iron  will  remain  after  the 
blowing,  and  in  slightly  increased  percent- 
age, owing  to  reduction  of  the  original  vol- 
ume of  oxidation.  The  blowing  takes  from 
10  to  20  minutes,  depending  on  the  quality 
of  iron,  and  a  skillful  operator  can  tell 
when  the  metal  has  been  sufficiently  burned 
out  by  the  color  and  dropping  of  the  flame, 
when  the  vessel  is  immediately  returned  to 
a  horizontal  position. 

The  content  of  the  vessel  at  this  stage 
is  nearly  pure  iron. 

While  tlie  molten  iron  is  still  in  the  ves- 
sel, a  quantity  of  other  molten  metal  called 
spiegeleisen,  containing  a  known  quantity 
of  iron,  carbon,  manganese  and  silicon,  is 
poured  into  the  vessel  and  is  immediately 
diffused  through  the  whole  mass;  thus  iron 
is  changed  into  what  is  known  as  Bessemer 
steel. 

The  steel  is  then  poured  from  the  vessel 
into  a  ladle,  and  from  that  tapped  out  into 
ingot  molds  in  which  it  is  left  to  solidify. 

The  ingot  molds  are  cast-iron  boxes,  open 
at  both  ends,  averaging  about  18  ins. 
square,  but  tapering  outwardly  toward  the 
base.  The  ingots  are  cast  with  these  molds 
standing  upright  on  heavy  cast-iron  table 
cars,  the  car  tops  serving  as  bottoms  to  the 
molds.  Tliey  are  then  moved  forward  on 
these  cars  from  the  steel  plant  to  the  strip- 
per. 

The  stripper  consists  of  a  powerful  hori- 
zontal electrical  crane,  equipped  with  a 
combination  of  lifters  and  plunger.  The 
ingot  molds  are  grappled  by  enormous 
links  automatically  hooked  into  ears  or  lugs 
at  the  end  of  the  molds,  made  for  that  pur- 
pose, and  as  the  ingot  mold  is  raised  the 
plunger  comes  down,  forcing  the  ingot  from 
the  mold  through  the  open  bottom,  leaving 
it  standing  upirght  on  its  own  base  on  the 
car. 

With  the  ingot  thus  east  and  tlie  mold 
stripped  from  it.  the  process  of  steel-mak- 
ing is  completed. 

The  red-hot  ingots  are  then  forwarded, 
still  standing  on  the  same  iron  cars,  to  the 
rail  mill,  where  they  are  deposited  in  re- 
heating furnaces  called  "soaking  pits"  and 
left  there  till  brought  to  proper  tempera- 
ture for  rolling. 

Placing  ingots  in  the  soaking  pits  is  sub- 
stantially the  beginning  of  rail-making.  But 
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before  passing  to  that  step  in  the  descrip- 
tion it  will  be  of  interest  to  understand  as 
well  as  possible  the  behavior  of  the  steel 
and  what  takes  place  when  it  passes  from 
a  liquid  to  a  solid  state. 

When  the  liquid  or  molten  metal  comes 
in  contact  with  the  cold  iron  of  the  mold, 
it  immediately  freezes  at  the  sides  and  base 
and  gradually  toward  the  center.  The  iii- 
It-rior  is  the  last  to  cool,  and  the  part  of 
that  last  to  cool  will  be  at  the  top. 

The  wide  contraction  that  the  metal  un- 
dergoes in  passing  from  molten  to  a  solid 
state  makes  a  very  considerable  reduction 
or  shrinkage  in  its  volume.  As  the  top  of 
the  ingot  is  the  last  to  solidify,  the  draw- 
ing in  of  the  mass  will  concentrate  at  that 
place,  and  there  is  formed  a  cavity  or 
honeycombed  part,  extending  a  few  inches 
down.  This  opening  or  unsoundness  at  the 
top  of  the  ingot  is  known  as  piping. 

Another  peculiarity  that  develops  when 
steel  passes  from  liquid  to  solid  is  segre- 
gation of  some  of  its  constituent  elements, 
especially  carbon,  sulphur  and  phosphorus. 
The  term  segregation  when  used  in  con- 
nection with  the  metallurgical  characteris- 
tics of  molten  steel  must  be  understood  as 
the  drawing  away  from  one  part  of  the 
mass  to  another  of  such  elements  as  will 
separate  before  the  steel  freezes  or  becomes 
solid. 

Segregation  apparently  proceeds  in  the 
same  way  that  the  steel  solidifies.  It  works 
from  the  outer  parts  toward  the  center, 
and  there  will  be  the  greatest  concentration 
of  the  segregated  elements  at  the  top  of 
the  ingot  where  the  metal  is  last  to  cool. 
There  is  found  in  this  part  not  only  the 
piping  and  spongy  mass,  but  the  part  of 
the  steel  made  inferior  by  an  overload  of 
carbon  and  probably  manganese  and  also 
excessive  sulphur  and  phosphorus.  This 
inferior  steel  is  discarded,  as  will  be  seen 
further  along. 

Keeping  in  mind  then  the  shape  and  con- 
dition of  the  steel  in  the  ingot,  we  will  take 
up  the  second  step,  that  of  making  ingots 
into  rails. 

As  already  noted,  the  ingots  arc  placed  in 
the  soaking  pits,  always  in  a  vertical  posi- 
tion, where  they  remain  from  90  to  l-")0 
minutes,  in  order  to  be  brought  to  proper 
temperature  for  rolling. 

This  heat  treatment  in  the  soaking  pits 
results  in  lowering  the  temperature  at  the 
center  of  the  ingots,  which  may  at  times 
of  charging  be  nearly,  fluid,  and  raising  the 
temperature  of  the  outer  part,  which  at  the 
same  time  may  be  solid  and  reduced  to 
cherry  red.  The  whole  mass  is  thus  brought 
close  to  a  uniform  and  approximately  plas- 
tic condition,  which  makes  it  fit  for  the 
rolling  process. 

The  reheated  ingot  is  then  taken  from 
the  pit.  placed  on  an  electric  conveyor  and 
rushed  forward  to  the  mill,  where  it  is 
turned  down  on  its  side  preparatory  to  en- 
tering the  rolls.  This  is  the  first  and  only 
time  an   ingot  lies  in  a  horizontal  position 


during   the   whole   process  of   making   and 
reheating  the  steel. 

It  may  be  well  to  note  here  the  great 
advantage  gained  by  both  makers  and 
users  of  steel  rails  in  this  modern  practice 
of  always  keeping  ingots  in  a  vertical  posi- 
tion, from  the  time  they  are  cast  till  the 
metal  has  been  brought  to  proper  consist- 
ency for  rolling. 

In  nearly  all  specifications  for  steel  rails, 
there  is  a  short  clause  which  reads  about 
as  follows :  "No  bled  ingots  shall  be  used." 
This  restriction,  so  much  needed  in  old 
methods,  is  of  little  or  no  account  at  the 
present  time. 

In  the  early  days  of  rail  making  it  was 
the  practice  to  throw  ingots  on  their  sides 
as  soon  as  they  were  taken  from  the  molds, 
and.  in  fact,  they  were  kept  in  that  position 
in  the  reheating  furnaces.  If.  by  chance. 
the  surface  crust  at  the  ends  should  break 
open,  the  fluid  metal  at  the  center  of  the 
mass  would  bleed  out.  leaving  a  hole  which 
would  almost  certainly  result  in  piped  rails. 
The  longer  time  given  under  the  present 
practice  for  the  metal  to  solidify  in  the 
molds,  and  always  keeping  the  ingots  in  a 
vertical  position  in  the  reheating  furnaces, 
practically  eliminates  all  possibilities  of  any 
bleeding,  and  in  a  corresponding  degree 
makes  a  protection  against  getting  piped 
rails  in  the  product. 

When  the  ingot  is  turned  down  on  its 
sides  for  the  first  time,  it  enters  the  bloom- 
ing rolls.  The  first  two  passes  are  through 
two  separate  sets  of  rolls  of  large  diameter, 
operated  by  powerful  engines.  The  motion 
is  slow,  and  the  reduction  heavy.  It  then 
moves  forward  to  the  next  set  of  rolls, 
where  four  passes  are  niade,  and  a  bloom 
of  about  8x8  ins.,  20  to  22  ft.  long  is  com- 
pleted. 

In  these  shapes  the  size  of  the  bar  is  re- 
duced sufficiently  so  that  the  ends  can  be 
sheared  off.  Enough  metal  is  cut  from  the 
end  coming  from  the  top  of  the  ingot  to 
remove  all  traces  of  piping  or  spong>-  steel, 
and  also  removes  the  part  containing  great- 
est amount  of  segresation.  From  the  other 
end.  coming  from  the  bottom  of  the  ingot, 
enough  is  cut  off  to  make  t!ie  end  face 
square  and  solid.  After  the  shearing,  the 
bloom  is  conveyed  to  the  roughing  rolls 
where  in  four  passes  a  rough  form  of  the 
rail  section  is  worked  out.  Fron\  there  the 
bar  goes  to  the  finishing  rolls,  making  four 
more  passes,  thence  moved  sidewise  across 
the  mill  floor  to  the  last  finishing  pass, 
where  the  rail  section  is  finally  completed 
ti)  the  minute  refinement  of  its  detailed 
<liniensions. 

The  block  of  steel  which  started  at  the 
other  end  of  the  mill,  about  18  ins.  square 
and  -M!  ins.  long,  has  now  become  a  rail 
with  a  sectional  area  6  or  7  sq.  ins.  and  175 
ft  in  length.  All  this  change  has  been 
made  in  an  interval  of  eight  to  nine  min- 
utes. 

In  a  two-high  mill,  such  as  the  one  re- 
ferred  to  in   this  paper,  the   ingot  is  con- 


tinued throughout  the  entire  rolling 
prf>cess  in  one  piece,  and  finally  a  single 
length  is  furnished  equal  to  four  or  five 
33-ft.  rails. 

The  long  rail  is  carried  from  the  last 
finishing  pass  to  the  hot  saw,  where  it  is 
cut  into  standard  lengths,  according  to  or- 
der, cutting  one  rail  at  a  time,  thence 
through  the  cambering  rolls  to  the  cooling 
beds,  where  the  rails  are  left  till  brought 
to  the  temperature  of  the  atmosphere  or 
about  seventy  degrees. 

In  passing  through  the  cambering  rolls 
the  rails  arc  forced  into  a  curvature  with 
the  head  arching  upwardly.  That  is  to  say, 
if  the  rail,  immediately  after  coming  out 
of  these  rolls,  were  made  to  rest  on  its 
base,  or  in  the  track-man's  parlance,  "work 
ways,"  the  ends  would  be  low.  From  this 
shape  it  warps  first  to  the  opposite  curva- 
ture, bringing  the  ends  high,  then  back 
toward  the  first  shape  and  finally  drawing 
back  again  in  the  final  cooling,  leaving  the 
rail,  when  resting  freely,  on  its  base  with 
a  back  sweep  or  the  ends  up. 

The  efTort  on  part  of  the  null  superin- 
tendent is  to  regulate  the  cambering  so 
that  the  rails  will  cool  as  nearly  straight 
as  practicable,  but  as  absolute  straightness 
is  almost  impossible  to  attain,  they  are 
preferably  brought,  when  cold,  to  a  slight 
back  sweep  as  already  described. 

There  arc  two  reasons  for  having  rails 
at  their  normally  cold  temperature  with 
back  sweep  rather  than  head  sweep,  if  they 
do  not  come  out  perfectly  straight. 

First — The  cold  straightening  work  will 
be  done  mainly  on  the  base,  thereby  escap- 
ing the  danger  of  indentations  from  gaging 
iron  on  the  running  surface  of  the  head. 

Second — The  internal  stresses  left  in  the 
rail  when  it  becomes  cold,  tending  to  draw 
the  ends  upward,  even  after  it  is  cold 
straightened,  will  help  to  hold  the  joints 
up  and  maintain  better  track  surface  when 
the  rails  are  put  into  use. 

The  rails  pass  from  the  cooling  beds  over 
live  rolls,  by  which  they  are  distributed  to 
the  presses  where  they  are  straightened, 
drilled,  finished  and  inspected,  thence  they 
are  carried  down  through  the  mill  to  the 
loading  sheds,  and  finally  placed  on  cars. 

This  completes  a  general  outline  descrip- 
tion as  to  how  rails  arc  made. 

But  before  going  on  with  the  third  step, 
the  use  of  steel  rails,  it  may  be  of  interest 
to  return  to  some  points  along  the  process 
of  rail  making  where  greatest  difficulties 
arc  encountered,  and  also  cite  some  of  the 
articles  in  standard  specifications  that  are 
a  source  of  more  or  less  contention  between 
the  makers  and  users. 

One  such  article  is  that  covering  chemi- 
cal compound.  When  the  spiegcleisen  is 
poured  into  the  purified  iron  in  the  vessel 
just  after  the  blow,  necessary  ingredients 
are  introduced  i«>  make  it  hard,  elastic  and 
ductile. 
Chemical   analyses  of  average   Bessemer 
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rail  steel  as  made  at  present  for  licavy 
run  abont  as  follows : 


rails 


Per 
•Cent. 

Carbon     -50 

Phosphorns    10 

Sulpbnr 08 

Silicon 12 

Manganese    100 

Iron    98.20 


100.00 
The  quantity  of  carbon  can  be  controlled 
by  the  grade  of  spiegel  used.  The  makers 
and  users  of  rails  are  not  exactly  agreed 
as  to  what  the  limits  in  carbon  should  be. 
The  users  have  been  inclined  to  increase 
carbon  content  somewhat  faster  in  propor- 
tion than  the  increase  in  weight  of  rails. 
When  a  70-lb.  rail  was  regarded  as  a  heavy 
section,  car-bon,  in  the  steel,  ran  from  0.35 
to  0.40 ,  but  when  the  weight  of  rails 
reached  100  lbs.  per  yard,  0.60  per  cent  car- 
bon was  called  for  and  in  some  cases  the 
upper  limit  was  fixed  at  0.65  per  cent.  The 
higher  carbon  steel,  0.55  per  cent  to  0.65 
per  cent,  was  also  specified  for  lighter  rails 
such  as  880-lb.  and  85-lb.  per  yard.  The 
80-lb.  rail  was  an  increase  in  weight  of 
only  about  14  per  cent  over  the  70-Ib.,  but 
0.58  per  cent  carbon  often  called  for  in 
this  weight  rail  was  an  increase  of  fully 
45  per  cent  of  this  element  over  the  lighter 
section.  It  can  be  seen  that  hardening 
properties  were  raised  entirely  out  of  pro- 
portion with  the  increased  weight,  and  the 
apparent  consequence  was  a  less  satisfac- 
tory rail  in  the  heavier  section. 

The  reason  for  raising  the  carbon  was 
to  get  more  elasticity  and  better  wear, 
which  in  a  degree  was  obtained,  but  with 
it  came  more  failures  from  breakage.  It 
was  then  proposed  and  specified  on  part 
of  the  users  that  phosphorus  should  be  low- 
ered about  15  per  cent,  making  the  limit 
not  to  exceed  .085  per  cent.  This  proposi- 
tion seemed  entirely  consistent  from  a 
metallurgical  and  theoretical  standpoint,  but 
practically  it  cannot  be  obtained  because  of 
the  ore  conditions. 

It  is  estimated  that  the  availab'e  0.08"> 
phosphorus  Bessemer  ores  in  the  United 
States  are  relatively  small. 

If  all  the  rail  mills  in  this  country  were 
to  undertake  to  fill,  from  American  ores, 
the  annual  requirement  of  about  3,000,000 
tons  under  .085  phosphorus  specifications 
for  Bessemer  rail  steel,  that  grade  ore 
would  be  exhausted  before  provisions  could 
be  made  to  meet  the  yearly  demand  for 
rails  made  by  any  other  process. 

If  open  hearth  steel  is  to  succeed  Besse- 
mer, it  will  take  a  term  of  years  and  the 
expenditure  of  an  enormous  sum  of  money 
to  build  furnaces  enough  to  provide  the 
steel  needed  for  rails  alone.  Before  this 
could  be  accomplished  it  is  more  than  prob- 
able that  the  .085  phosphorus  Bessemer 
ores  would  run  out,  and  with  an  inadequate 
production  of  open  hearth  steel,  the  rail- 
roads would  have  to  either  get  along  with 


a  short  supply,  or  import  the  tonnage  lack- 
ing. In  the  event  of  such  sources  not  be- 
ing able  to  keep  pace  with  the  demands, 
their  only  alternative  would  be  to  take  a 
grade  of  Bessemer  steel  far  inferior  in 
wearing  qualitties  to  what  they  are  now 
getting. 

To  avoid  this  apparent  short  cut  to  the 
end  of  good  quality  Bessemer  rail  steel,  the 
makers  insist  that  the  phosphorus  limit  shall 
be  left  as  it  has  been  for  a  number  of  years 
past,  at  .10  per  cent,  and  a  somewhat  modi- 
fied carbon  content  be  used. 

It  is  entirely  practicable  to  use  enough 
carbon  with  .10  per  cent  phosphorus  ores 
to  make  perfectly  sound,  safe  and  service- 
able Bessemer  steel,  and  with  that  limit 
accepted,  the  manufacturers  will  be  able  to 
produce  good  quality  Bessemer  steel  rails 
for  many  years  to  come. 

The  wear  of  the  heavier  section  rails  has 
not  been  all  that  the  users  expected,  even 
with  the  proportionally  higher  carbon,  and 
they  are  loath  to  make  any  recession  in 
this  hardening  element,  fearing  that  by  so 
doing,  there  will  still  be  greater  loss  from 
rapid  wear.  But  the  question  of  safety 
must  have  first  consideration,  and  neither 
the  makers  nor  users  of  rails  will  be  jus- 
tified in  adding  hardening  properties,  to 
get  increased  service,  that  will  place  the 
material  anywhere  near  the  danger  line  of 
breakage. 

So  the  question  of  carbon  and  phos- 
phorus content  that  shall  be  used  in  Besr 
semcr  steel  for  rails  is  not  fully  and  defin- 
itely settled.  The  phosphorus  limit  is  sub- 
stantially fixed  by  conditions.  The  car- 
ibou limit  to  correspond  is  likely  to  be  fixed 
by  more  experience. 

There  is  a  strong  probability,  however, 
that  harder  steel  may  be  used  if  the  shape 
of  the  rails  is  changed.  How  this  may 
be  brought  about  will  be  considered  further 
on. 

The  next  element  in  order  in  the  steel 
composition  is  sulphur.  This  is  of  little 
consequence  to  the  user  of  rails.  Its  effect 
is  to  make  hot  steel  dry,  or  what  is  called 
"hot  short,"  and  liable  to  pull  apart,  mak- 
ing flaws  on  the  surface  of  rolled  shapes. 
-\  limit  of  .10  per  cent  can  be  handled  very 
well,  but  it  is  always  to  the  interest  of  the 
manufacturer  that  it  should  be  lower. 

Silicon  has  a  quieting  influence  in  molten 
steel  when  it  is  settling  and  cooling  in  the 
molds  and  makes  it  dense  when  cold.  A 
limit  of  .20  per  cent  is  generally  stated  in 
specifications. 

The  quantity  of  manganese  in  rail  steel 
will  run  from  .80  per  cent  to  1.10  per  cent. 
Its  effect  is  to  make  the  hot  steel  tougher, 
overcoming  some  of  the  bad  effects  of  sul- 
phur, and  thereby  better  adapted  to  roll- 
ing. It  also  makes  the  steel  harder  and 
better  for  wear,  but  if  the  quantity  ex- 
ceeds very  much  the  upper  limit  noted  it 
is  liable  to  lead  to  brittleness. 

Another  clause  in  standard  rail  specifica- 
tions that  is  a  source  of  some  contention 
lietwccn  makers  and  buyers  of  rails,  reads 


as  follows:  "Sufficient  material  shall  be 
discarded  from  the  top  of  the  ingot  to  in- 
sure sound  rails." 

Under  that  agreement  the  buyers  of  rails 
can  get,  and  do  get,  perfectly  sound  steel. 
The  interpretation  of  the  term  sound  in 
this  case  means  entirely  free  from  piping  or 
spongy  metal. 

Sound  steel  rails  of  standard  composition 
are  perfectly  safe  to  use,  and  when  the 
railroad  companies  have  exercised  their 
rights  given  by  the  specifications  in  their  in- 
spection at  the  mills,  while  rails  are  being 
made,  and  thereby  obtained  sound  rails, 
they  have  done  their  whole  duty  toward 
themselves  and  their  patrons,  whose  safety 
and  welfare  they  are  bound  to  protect. 

But  the  question  arises  why  do  the  rail- 
road people,  or  so  many  of  them,  come 
up  with  a  demand  for  more  discard,  in 
some  instances  asking  for  a  fixed  amoimt 
not  less  than  25  per  cent  of  the  whole  in- 
got. It  is  not  a  question  of  safety,  but  one 
of  service.  Under  present  specification,  the 
rail  mills  must  deliver  to  the  railroads  safe 
rails,  that  is  to  say,  free  from  the  danger 
that  conies  from  piping.  They  are  obtained 
by  shearing  from  the  top  of  the  ingot  suf- 
ficient material  to  insure  sound  steel. 

Then  what  would  the  railroads  gain  by 
doubling  the  discard  if  25  per  cent  should 
amount  to  that  increase?  They  might  get 
a  larger  percentage  of  better  wearing  rails 
than  they  now  receive,  but  the  gain  would 
be  purely  in  an  economical  sense,  and  not 
in  one  of  safety.  Therefore,  the  question 
of  more  discard  after  enough  has  been 
made  to  insure  sound  and  safe  rails  is 
purely  a  commercial  one,  and  can  be  dis- 
posed of  between  the  railroads  and  the  steel 
companies  without  giving  cause  for  any 
anxiety  on   part   of  the  public. 

In  addition  to  the  discard  sheared  off  the 
bloom,  a  crop  end  is  cut  off  the  long  rail 
when  it  is  finished,  taken  from  the  end 
toward  the  top  of  the  ingot.  This  is  about' 
six  feet  long  and  is  used  for  a  drop  test. 

One  such  test  piece  is  taken  from  every 
blow  of  steel.  It  is  placed  on  steel  wedge- 
shaped  bearings,  three  to  lour  feet  apart, 
and  struck  with  a  2,000-lb.  weight,  falling 
15  to  20  ft.  (depending  on  size  of  rail 
tested).  Deflection  of  test  piece  under  this 
drop  is  carefully  noted  and  made  a  part  of 
the  inspection  records.  If  the  test  piece 
breaks  under  the  drop,  all  rails  from  blow 
represented  by  that  test  must  be  discarded. 

This  is  the  most  satisfactory  proof  of 
the  quality  and  strength  of  the  rails  that 
can  be  used.  If  the  steel  is  brittle,  it  will 
be  discovered  by  the  character  of  the  break. 
If  piped,  that  condition  can  be  seen  in  the 
fracture,  and  will  determine  at  once 
whether  or  not  sufficient  discard  has  been 
made  at  the  shears  to  insure  sound  steel. 
If  the  metal  is  very  soft,  it  will  show  by 
excessive  deflection  It  can  be  seen,  there- 
fore, that  the  drop  test  throws  out  many 
safeguards  against  passing  deflective  or  in- 
ferior material. 

(To  be  continued.) 
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Methods  and  Cost  of    Placing  Puddle 
in  a  Cofferdam  by  Pumping. 
.\lr.  \\  lUiani   Martin  is  aiillionty   tor  tlic 
following  data : 

In  building  Davis  Island  Dam,  several 
years  ago,  a  cofferdam  1,085  ft.  long,  con- 
taining 5.784  cu.  yds.  of  puddle  material, 
was  built  by  pumping  the  puddle  from  an 
island.  The  cofferdam  consisted  of  two 
rows  of  piles,  the  rows  being  15Vt  ft.  c. 
to  c.  and  the  piles  in  each  row  being  "21  ft. 
c.  to  c.  The  piles  were  20  ft.  long,  and 
were  driven  8  ft.  Three  rows  of  wale 
pieces  or  stringers  were  bolted  to  the  piles, 
12  ft.  apart.  .\  single  line  of  vertical  sheet- 
ing plank,  driven  2  ft.  into  the  gravel  bot- 
tom, rested  against  the  wales.  The  joints 
of  the  sheeting  were  covered  with  IxG  in. 
strips  to  prevent  leakage  of  the  puddle.  On 
each  side  of  the  sheeting,  at  the  top,  was 
spiked  a  2x10  in.  string  piece,  to  form  a 
bearing  upon  which  a  plank  deck  was  laid. 
The  plant,  as  finally  developed,  was  as 
follows : 

Tubular  boiler,  36  ins.  diam.,  .x  1(>  ft. 
long. 

Engine.  10x10  in. 

Piston  pump— steam  cyl.  12x18  in.;  water 
cyl.  t)'/^xl8  in. 

Centrifugal  pump,  3  in.  discharge. 
Pipes,  etc.,  of  the  following  sizes  were 
used:  Delivery  pipe,  4-in. ;  clearing  pipe. 
2%-in. ;  priming  pipe,  1%-in. ;  lubricator 
pipe,  1-in. ;  steam  pipe  to  engine,  2%-in. ; 
steam  pipe  to  piston  pump,  2-in. ;  band 
wheel  on  engine  shaft,  4%  ft. ;  pulley  on 
centrifugal  pump  shaft,  10  ins. ;  width  of 
driving  belt.  10  in.;  agitator  hose,  1V4  ins. 
The  following  pressures  were  obtained: 
steam  boiler.  100  lbs.  per  sq.  in.;  gage  on 
piston  pump,  70  lbs. ;  gage  on  delivery  pipe, 
35  lbs. 

The  centrifugal  pump  for  pumping  the 
puddle  was  located  on  an  island  900  ft. 
from  the  cofferdam.  Beneath  the  pump 
was  a  tank  for  mixing  the  puddle,  8  ft. 
diameter  and  4  ft.  deep,  sunk  to  a  suflicient 
depth  to  secure  a  fall  of  water  from  a 
flume  that  tapped  the  river. 

The  piston  pump  was  connected  to  the 
delivery  pipe  by  a  wye  connection,  and  was 
used  for  priming  the  centrifugal  pump,  and 
keeping  the  sand  from  packing,  and  for 
furnishing  water  for  the  steam  boiler  and 
for  the  agitator  hose,  as  hereafter  de- 
scribed. 

The  puddle,  consisting  of  loam  and  sand, 
was  obtained  within  a  radius  of  100  ft. 
from  the  pimip  by  loosening  with  a  plow 
and  delivering  close  to  the  tank  with  drag 
scrapers.  It  was  then  shoveled  by  hand 
into  the  lank,  a  cost  that  could  have  been 
avoided  had  the  scrapers  dumped  through 
a  trap   into  the   tank.     The   material   was 


mixed  with  water  in  the  tank  and  kept 
agitated  by  water  from  a  hose  in  the  hand> 
of  workmen,  to  prevent  the  earth  from 
settling  to  the  bottom.  This  puddle  was 
taken  by  the  feed  pipe  of  the  centrifugal 
pump  and  forced  through  the  delivery  pipe 
to  the  cofferdam,  a  distance  constantly  in- 
creasing as  the  work  progressed.  The  de- 
livery pipe  was  laid  on  the  bottom  of  the 
river,  and  then  rose  by  an  easy  ascent  to 
about  1  ft.  above  the  top  of  the  cofferdam. 
The  puddle  occasionally  became  so  thick 
as  to  clog  the  delivery  pipe.  In  order  to 
meet  this  difficulty,  the  following  ingenious 
plan  was  devised.  On  the  delivery  pipe  at 
the  centrifugal  pump  was  placed  a  pressure 
gage.  Any  clogging  of  the  delivery  pipe 
immediately  caused  the  pressure  to  rise, 
whereupon  the  engineman  slackened  the 
speed  of  the  centrifugal  and  opened  the 
valve  in  the  wye  connection  to  the  piston 
pump.  This  admitted  a  stream  of  clear 
water  at  high  pressure  from  the  piston 
pump  and  immediately  cleared  the  conges- 
tion of  puddle  in  the  delivery  pipe.  The 
check  valve  in  the  delivery  pipe  between  the 
wye  connection  and  the  centrifugal  pump 
prevented  a  back  flow  into  the  centrifugal 
pump. 

.At  the  bottom  of  the  feed  pipe  in  the 
tank  was  a  screen  having  1-in.  meshes. 
Above  the  screen,  and  in  the  same  casing, 
was  placed  a  foot  valve  for  the  purpose 
of  holding  the  priming. 

One  of  the  principal  difficulties  in  work- 
ing the  centrifugal  pump  was  the  rapid 
wear  of  all  its  parts  that  came  in  contact 
with  the  sand.  The  casing,  which  was 
originally  %-in.  thick,  wore  through  in  10 
days,  during  which  time  not  2,500  cu.  yds. 
of  puddle  were  handled.  This  was  re- 
placed with  a  1-in.  casing  which  was  still 
in  service  after  the  13  days  use  which  com- 
pleted the  job. 

The  stuffing  box  wore  rapidly  until  the 
following  ingenious  device  was  applied :  .\ 
screw  was  cut  in  the  chamber  in  the  oppo- 
site direction  to  the  motion  of  the  shaft. 
.\  pipe  was  put  in  back  of  the  packing  and 
connected  with  the  piston  pump.  Water 
was  forced  through  this  around  the  shaft, 
and,  being  under  a  greater  pressure  than 
the  centrifugal  pump,  prevented  the  puddle 
material  from  getting  into  the  stuffing  box. 
Water  thus  applied  performed  a  double 
duty,  for  it  acted  as  a  lubrication  and  pre- 
vented the  shaft  from  heating. 

At  the  discharge  end  of  the  delivery  pipe 
the  puddle  material  was  deposited  in  the 
cofferdam  and  flowed  off  for  a  distance  of 
a  few  hundred  feet,  depositing  in  a  hard 
and  solid  mass.  The  loam  being  lighter,  re- 
mained longer  in  suspension  and  settled  out 
on  top  of  the  sand. 

In  23  days  there  were  delivered  5,78-1  cu. 


>ds.  of  puddle  material,  or  251  cu.  yds,  per 
10-hr.  day.     Laborers  received  $1.75  to  $2 
:i  day,  and  mechanics  $2.50  to  $2.75.    The 
cost   was  as  follows : 
Plant : 

I'ump    

Repairs,  fittings,  etc.  

Pipe    


$145 

382 

Sfti 

Total  cost  of  plant...  $891 

Labor : 
Installing  plant  and  pumping  puddle, 

removing  plant,  etc $2347 

Fuel : 
23  days  fuel   ....  $38 


Total  labor  and  fuel $2385 

It  will  thus  be  seen  that  the  cost  of  labor 
and  fuel  for  puddling  amounted  to  $265 
per  lin.  ft.  of  coffer  dam,  or  50  cts.  per 
cu.  yd.,  including  the  labor  cost  of  instal- 
ling the  plant.  It  is  unfortunate  that  this 
item  of  installation  and  removal  of  plant 
was  not  kept  separate,  as  it  was  evidently 
a  large  item.  The  fuel  cost  only  $1.65  a 
day,  or  %  ct.  per  cu.  yd.  The  labor  dur- 
ing the  23  days  of  pumping  could  probably 
not  have  exceeded  4  cts.  per  cu.  yd.  for 
pumping  and  pipe  laying.  With  a  haul 
averaging  about  50  or  60  ft.  for  the  drag 
scrapers,  the  cost  of  delivering  the  puddle 
alongside  the  tank  probably  did  not  exceed 
10  cts.  per  cu.  yd.  Shoveling  it  into  the 
tank  doubtless  cost  less  than  10  cts.  per  cu. 
yd.  This  would  make  a  total  of  not  more 
than  25  cts.  per  cu.  yd.  for  the  puddle  in 
place,  exclusive  of  plant  charges  for  in- 
terest, depreciation,  repairs  and  installa- 
tion. .\pparently  the  installation  and  re- 
moval of  the  pumping  plant  cost  at  least 
$1,500.  The  plant  itself  cost  $891,  as  above 
given.  The  exceptionally  high  cost  of  in- 
stallation appears  to  have  been  due  in  part 
to  the  experimenting-  incident  to  develop- 
ing the  best  way  of  handling  the  material, 
most  of  which  cost  can  be  saved  by  study- 
ing the  finally  adopted  methods  and  devices 
above  given. 

For  comparative  purposes  it  is  well  to 
add  the  following  costs  of  filling  another 
section  of  another  coffcrd.im  nearby  by 
another  method.  The  other  section  was 
1,165  ft.  long,  and  it  cost  $5.69  per  lin.  ft. 
for  puddle  in  place,  or  practically  $1.10 
per  cu.  yd.  of  puddle.  The  method  em- 
ployed consisted  in  leading  the  material  by 
hand  into  cars,  hauling  it  over  a  narrow 
Rage  track  to  the  river,  loading  into  boats 
and  transporting  to  the  cofferdam,  shovel- 
ing by  hand  into  place,  and  compacting 
with  water.  Wages  were  only  $1.25  a  day 
for  laborers,  and  $2.25  for  mechanics. 


The  production  of  primary  spelter 
(crude  metallic  rinc  derived  from  ore)  in 
the  United  States  in  1907.  according  to  the 
Geological  Survey,  was  219,860  short  tons, 
an  advance  of  11.2  per  cent,  and  was  the 
largest  output  in  the  history  of  the  indus- 
try. 
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Using  a   "Skullcracker"    and   Lifting 

Magnet    for    Breaking    up    a 

Concrete  and  Masonry 

Foundation. 

Drop  liammer  pile  drivers  have  been 
used  occasionally  for  breaking  up  concrete 
foundations  and  recently  Mr,  W.  J.  New- 
man, a  Chicago  contractor,  has  battered  to 
pieces  a  heavy  stone  and  concrete  masonry 
foundation  with  a  10-ton  iron  ball  lifted 
and  let  drop  on  the  masonry  by  means  of 
a  Hfting  magnet.  In  tearing  down  the  old 
Chicago  City  Hall  a  foundation  consisting 
of  a  concrete  footing  about  3  ft.  thick  en- 
closing and  carrying  masonry  pier  footings 
had  to  be  taken  out  to  make  ready  for  the 
foundation  work  of  the  new  City  Hall. 
Blasting  was  not  desirable,  owing  to  the 
site  being  surrounded  by  office  buildings 
and  stores  and  bordered  on  three  sides  by 
streets  having  a  heavy  traffic.  To  cut  out 
the  masonry  and  concrete  mechanically 
meant  a  heavy  cost  and  more  time  than 
could  be  afforded  considering  the  contract 
time  limits.  The  use  of  a  "skullcracker," 
such  as  is  used  for  breaking  the  "skulls" 
formed  in  steel  furnaces,  was  the  contrac- 
tor's solution  of  the  difficulty. 

The  experiment  was  first  made  with  a 
pear-shaped  ball  weighing  8,250  lbs.  This 
ball  had  a  staple-shaped  eye  at  its  small 
end  and  was  handled  by  a  derrick  having 
a  hook-block  wliich  could  be  tripped  by  a 
tag  line  to  let  the  ball  drop.  This  ar- 
rangement worked  well  so  far  as  breaking 
up  the  masonry  was  concerned,  but  it  re- 
quired about  four  men  to  trip  the  weight 
and  much  time  was  lost  in  attaching  the 
hook  owing  to  the  ball  falling  so  as  to 
bury  the  eye  and  make  it  hard  to  get  at. 
The  idea  of  substituting  a  lifting  magnet 
for  the  hook  and  eye  connection  sug- 
gested itself,  since  this  device  would  "take 
hold"  of  the  ball  in  whatever  position  it 
might  lay  after  falling. 

A  24-in.  diameter,  two-coil  magnet  made 
by  the  Browning  Engineering  Co.,  Cleve- 
land, O.,  was  used.  This  magnet  had  its 
lifting  face  concaved  to  give  it  a  better 
contact  with  the  ball,  otherwise  it  was  of 
the  standard  construction  for  its  size.  Such 
a  magnet  weighs  1,100  lbs.  complete,  and 
can  be  attached  to  the  ordinary  hook- 
block.  The  transmission  cable,  in  this 
work,  where  ordinary  stifT-leg  derricks 
were  used,  ran  along  the  derrick  boom  on 
small  sheaves  and  was  counter-weighted 
to  take  up  the  slack  as  the  magnet  was 
raised.  The  magnet  was  shifted  from  der- 
rick to  derrick  as  the  prosecution  of  the 
work  required. 

Shortly  after  tlic  adoption  of  the  lifting 
magnet,  a  5-ton  spherical  ball  was  received 
and  used  in  connection  with  the  pear- 
shaped  ball.  A  smaller  ball  operated  by 
a  trip  hook  was  also  used  for  light  work. 
These  balls  operated  very  successfully  ex- 
cept in  one  particular.  When  drop'ied  from 
a  height  great  enough  to  do  tlic  most  ef- 
fective   work    flying     chips     broke     nearby 


windows  and  endangered  persons  passing 
on  the  street.  To  do  away  with  com- 
plaints of  these  kinds  the  drop  was  re- 
duced to  from  15  to  20  ft.,  at  which  heights 
it  was  often  necessary  to  drop  the  ball 
twice  or  three  times  to  break  through  a 
heavy  footing.  Where  trouble  from  flying 
chips  would  not  interfere,  the  success  of 
the  method,  we  are  informed,  would  be  un- 
questionable. 


LETTERS  TO  THE  EDITORS. 


Why  California  Is  Ten  Years    Ahead 
of  the  Rest  of  the  World  in  the 
Science  of  Building  Dust- 
less   Roads. 

Sirs:  It  is  extremely  interesting  to  read 
the  articles  published  in  the  different  en- 
gineering magazines,  pertaining  to  highway 
improvement,  in  which  the  matter  of  the 
usages  of  bituminous  products,  or  road  oil 
is  the  principal  feature.  It  is  also  ludi- 
crous to  one  who  has  had  any  amount  of 
experience  in  road  construction  in  Cali- 
fornia, to  read  of  the  experiments  with 
oils  which  are  being  made  by  Eastern  road 
builders. 

I  have  recently  returned  from  a  four 
month's  trip  throughout  the  East,  and 
during  that  time  visited  most  of  the  cities 
of  any  consequence  throughout  the  United 
States.  After  having  inspected  a  great 
many  miles  of  highway.  I  have  confirmed 
my  opinion  that  Eastern  road  builders  are 
at  least  ten  years  behind  California  in  the 
matter  of  highway  construction,  especially 
in  the  use  of  oils  in  road  work.  The  East- 
ern road  builders  are  going  through  the 
experimental  stage,  which  was  started  in 
California  not  less  than  12  or  14  years 
ago.  Since  1898  there  has  been  a  con- 
tinued improvement  in  the  use  of  the  road 
oil  (properly  speaking,  it  is  liquid  asphalt), 
and  for  the  past  four  or  five  years  the 
Western  road  builders  have  reached  a  high 
standard   of   road   construction. 

In  my  extended  inspection  of  Eastern 
roads  ( a  good  many  miles  of  which  I 
built  in  New  York  State  ten  or  twelve 
years  ago),  I  did  not  see  any  form  of  ma- 
cadam roads  which  can  equal  the  Califor- 
nia macadam  or  oil  macadam  roads,  and 
the  most  striking  and  important  observa- 
tion was  that  no  form  of  macadam  con- 
struction which  I  have  seen  East  or  West 
can  compare  with  tlie  improved  method  of 
asphaltic  oil  road  construction  where  the 
proper  kind  of  liquid  asphalt  has  been 
used,  and  scientifically  incorporated  with 
the  natural  soil  with  a  small  amount  of 
gravel  or  crushed  rock  for  a  wearing 
coat. 

This  Califorria  method  has  been  used 
for  the  past  eight  or  ten  years  at  least,  and 
tile  last  two  years  have  seen  wonderful  im- 
provements in  this  method  which  has 
practically  been  perfected,  and  which  cer- 
t:rrlv  Irs  stepped  to  the  fore  rank,  and 
placc<l  macadam  in  any  form,  in  the  back 
ground.     This   statement   may  seem   broad. 


but  I  make  it  without  fear  of  dispute,  when 
any  experienced  road  builder  sees  this 
class  of  work. 

At  Rye,  N.  Y.,  about  6,000  lin.  ft.  of 
work  was  done  last  summer  under  this 
improved  form  of  road  construction,  which 
is  known  as  petrolithic  pavement.  The 
excellence  of  the  work  at  Rye  is  astonish- 
ing, particularly  when  the  low  cost  of  the 
same  is  considered. 

It  would  be  advisable  for  road  builders 
to  spend  a  few  hundred  dollars  and  take 
ri  trip  to  California,  rather  than  spend 
thousands  of  dollars  experimenting  with 
road  oils,  for  they  can  profit  greatly  by  the 
years  of  experience  of  the  California  en- 
gineers. 

I  dare  say  if  an  engineer  wanted  a  new 
transit  or  level,  he  wouldn't  try  to  make 
one  himself;  he  would  go  to  the  manufac- 
turers who  have  perfected  these  instru- 
ments. If  he  could  make  an  improvement 
on  the  instrument,  once  he  had  it,  well  and 
good.  The  same  is  true  with  road  build- 
ing. It  is  a  fact  that  California  leads  the 
world  in  highway  construction. 

If  the  world's  congress  of  Good  Roads 
had  been  held  in  Los  Angeles,  many  en- 
gineers attending  it  would  have  learned 
more  in  one  day  about  actual  construction 
of  modern  dustless  roads  than  they  learn- 
ed during  the  entire  time  at  Paris  listen- 
ing to  what  the  other  engineer  had  to  say 
about  what  he  thought  could  be  done. 

G.  A.  W. 

South  Pasaden.i,  Cal.,  Dec.  2,  1908. 


Lime  Barrel   Forms    for    a    Concrete 
Culvert. 

Sirs :  In  a  recent  issue  of  >our  excel- 
lent publication  (Dec.  16,  1908)  I  noticed 
an  article  describing  a  wooden  form  for 
small  concrete  culverts.  On  one  occasion, 
I  remember,  I  had  to  build  a  concrete  cul- 
vert over  a  ditch,  and  having  nothing  at 
hand  to  make  a  form  for  the  "bore"  (about 
18  ins.),  I  braced  up  several  empty  lime 
barrels  and  placed  them  end  to  end  and 
built  over  them.  After  the  concrete  had 
set  I  punched  out  the  heads  of  the  barrels 
and  left  the  sides  to  rot  out  in  place.  It 
is  surprising  how  much  weight  a  barrel  so 
treated  will  support.     Very  truly, 

Chas.  L.  Wood,  C.   E. 

Columbus.  Miss..  Dec.  27,  1908. 


The  production  of  gold  in  fine  ounces  in 
the  United  States  by  periods  from  1792 
to  1907,  according  to  figures  of  the  U.  S. 
Geological  Survey,  was  as  follows : 

Fine  ounces.        Value. 

1792-1847 1,187,170    $     24,537,000 

1848-1872 58,279,778      1.204,750,000 

1873- 1 907 84,258,89 1       1 ,74 1 ,784,000 

Total 14.3,725,839    $2,971,071,000 


At  the  end  of  the  year  1906-7  the  Gov- 
ernment of  India  had  spent  $158,147,128 
on  irrigation  work  since  the  scheme  was 
started  50  years  ago. 


Engineering-Contracting  Monthly  Review  Index 
of  Civil  Engineering  Literature. 


A  cliissirictl  iiidi-x  ntul  rt-Miw  ni  ihc  civil  eiiKiiu-cring  papers, 
arliclis.  reports,  pamphlets  and  books  published  diiriiiK  the 
month  just  passed  is  given  in  the  siicceeditiR  pages.  The  lit- 
er'amre  indexed  and  reviewed— with  the  exception  of  books- 
relates  solely  to  civil  engineering.  In  the  section  devoted  to 
Book  Reviews  all  books  in  all  branches  of  engineering  are  list- 
ed as  received  and  such  of  them  as  seem  worthy  are  reviewed 
as  fidly  as  due  regard  for  conciseness  will  permit.  In  choosing 
books  for  review  rigid  selection  is  exercised.  Next  to  careful 
choice  of  books  for  review  timeliness  of  review  is  sought.  All 
books  are  reviewed  within  a  month  of  their  receipt.  The  same 
statement  is  true  of  the  articles  and  papers  that  are  indexed. 
.Mso.  as  in  choosing  books  for  review,  the  choice  of  articles  and 
papers  for  indexing  is  based  on  merit.  Numerical  strength  in 
"litles  indexed"  is  not   sought:   excellence  of  selection   is  sought. 


1  he  punioses  of  the  .Monthly  Review  Index  are :  First,  to 
inform  civil  engineers  ami  contractors  of  the  articles  and  papers 
of  merit  that  .are  published  each  month,  in  such  a  way  as  will 
give  a  clear  idea  of  their  character  and  scope:  second,  to  supply 
the  user  with  the  d,itc  and  place  of  publication,  the  length  of 
each  article  and  Ihc  cost  at  which  it  can  be  secured.  The  name, 
adopted  abbreviations,  place  of  publication  and  price  per  number 
of  each  periodical  examined  for  civil  cnRincering  articles  are 
given  in  the  list  immediately  following.  The  other  information 
is  given  in  the  index  proper  for  each  article  separate!) 

Ro'jks  reviewed  will  be  sent  post  paid  on  receipt  oi  prut  by 
the  Hook  Department  of  E.vginkeri.v.;  Co.ntracti.vc  :  periodicals. 
etc.,  containing   articles   indexed    should  he  ordered   direct    from 

tile    p!ilili>.ticrs 


LIST  OF  PERIODICALS  INDEXED. 


.\im-iliaii    Architect    (.Xiii.    Aivli.).    Now    York.    X.    Y  .    \v     7x10    in 

l.i  i-ts. 
.\niiTlcan  Builders'   Review  (Am.  Bldrs.  Rev.).  San  Francisco,  Cal 

m:    TxKP  in.;   50  cts. 
Anierkiin   Carpenter  and  Builder  (Am.   Car.  &   Bldr. ).  Chicago    111.  • 

New    York.   N.    Y.:   m:  Txlu  in..  20  cts. 
.\merkan    KnRincer   and    R.    R.    Journal    (Am.    Engr.   &    R.    R    Jl.). 

York.    .V.    Y.:    ni:    7x10   in.:   20  cts. 
American   Ga.s   IJsht    .Journal    (Am.   G.   L.   Jl.),   New   York;   N.    Y.: 

w;    10x13   in.;    10  cts. 
.American   Institute  .if   Klectricai   ICngineers  Proceedings   (Am.   I    of 

!•;.  !■:.   Prnc).  New  York.  N.  Y.;   m;  4x7  in.:  50  cts. 
American  .Machinist    (Am.   .Mch.st.).  New  York:   w;   7x10  in.:   15  cts. 
American   Soclet.v  of  Civil    Engineers   Proceedings   (Am.    Soc.    C.   E 

Proc).  New   York.  N.   Y.;  m;  4x7  in.:  75  cts. 
.American   Soclet.v   of  .Mechanical   Engineers   Proceedings    (Am     Soc 

.M.   E.  Proc),  New  York.  N.   Y.:  m;   4x7  in.;   50  cts. 
Annates  des  Ponts  et   Chaussees   (An.   P.   &  C),   Paris.   France:   m. 
Applied  Science.  Toronto.  Ont.;   m:  6x9  in.;  20  cts. 
Architects   and    Builders   Journal    (Arch.    &    Bldrs.    Jl.),    Baltimore. 

Md.:  m:  9x12  in.;  20  cts. 
Architects    and     Builders    .Magazine    (Arch.    &    Bldrs.    .Mag.).    New 

York.   N.    Y.;   m:   5x.S  in.:   20  cts. 
Architect    and    Engineer  of  California   (Arch.   &   Engr.).   San  Fran- 
cisco, Cal.;   m:   5x7  in.:  15  cts. 
Cassier's  Magazine  (Cas.  Mag).  New  York;   m:  5xS  in.:  25  cts. 
International     Railway    Congress    Bulletin     (Int.     Ry.    Cong.     Bui.). 

Brussels;  m:   SO  cts. 
California  Journal  of  Technolog>-  (Cal.  Jl.  of  Tech.),  Berkeley,  Cal.: 

m:   4x7    in.;    25   cts. 
Canadian  Architect  (Can.  Arch).  Toronto,  Ont.:  m:  7x19  in.:  20  cts. 
Canadian  Cement  and  Concrete  Review  (Can.  Cem.  &  Cone.  Rev.). 

Toronto,   Ont. 
(."anadlan  Engineer  (Can.  Engr).  Toronto.  Ont.:  w;  7x11  In.:  10  cts 
Canadian  Machinery  and  Manufacturing  News   (Can.   Mach.  &  Mfg 

News).  Toronto.  Ont.;   m;   7x10  in.:   15  ct.s. 
Canadian     .Mining    Journal    (Can.    .MIn.    Jl.),    Toronto.     Ont.:     bl-w: 

7x10  in..  20  cts. 
Canadian    Municipal    Journal    (Can.    Mun.    Jl.),    Montreal.   Que.:   m: 

6\xl0  In.;    10  cts. 
Canadian    Society  of  Civil    Engineers  Proceedings   (Can.  See.   C.    E. 

Pnic.l.  Montreal;  m:  4x7  in.;  50  ct.s. 
Carpentr>-    and    Building    (Carp.    &    Bldg.).    New    York.    N.    Y.;    m: 

11x8  in.;  10  cts. 
Cassier's  Magazine  (Cas.  .Mag).  New  York:  m:  5x8  in.;  25  cts. 
Cement.   New   York.  N.   Y.;  bl-m:   5xS  in.;   25  cts. 
Cement  Age   iCeni.   Ag.-I.   New  York.  N.  Y. :  m:   4x7  In.:  10  cLs. 
Cement  and  Engineering  News  (Cem.  &  Eng.  News).  Chicago.  III.: 

7x10   In.;    25  cts. 
Cement   Era   (Cem.   Era).  Chicago.  111.:  m:  7x10  In.:   10  cts. 
Cement   World   (Cem.  Wld).  Chii-ago.  111.;  m:  9x11  In.:   10  cts. 
Chemical  Engineer  (Cluni     Engr.l.  Chicago.  111.;   m;  4x7  In.:   15  cts. 
Clay   Worker   (CI.   Wkr.  i.    Indianapolis.    Ind.;   m;   7x10  In.:   20  cts. 
Compressed  Air   (Com|).   Air).  New  York.  N.   Y..  m:  5x7  In.:   10  cts. 
(Concrete.  Detroit.   .MIcli.:   ni;  I'>x9  In.:   15  cts. 
Concrete  Age   (Com-.   .\ge).   .Atlanta.  Oa.:  m:  9x11   in.:   10  cts. 
Concrete    and    Constructional    Engineering    (Cone.    &    Cons.    Eng.). 

London.   England;  m;   5x7  In.;  25  cts. 
Concrete    Engineering    (Con<-.     Eng.).    Cleveland.    O.:    m:    7x10    In.; 

10   cts. 
Contractor   (Conir.  i.  Chicago.  III.:   Id-w;  7x10  In.:   20  cts. 
Cornell  Civil  lOnglneer  (Cor.  Civ.  Engr.).  Ithaca.  N.  Y.;  m;  4x7  In.: 

25  cts. 
Domestic  Engine.'rlng  i  Doni.  Engr.).  Chicago.  III.;  w;  6x9  in.:  10  cts. 
I'^Jirth  and    Rock.  Chliago.   III.;    hi-w;  7x10  in.:   10  cts. 
Electrical  Age  (Elec.   Ag«-t.  New  York.  N.  Y.:  m:  7x10  In.:   10  cts. 
Electrical   Review   (Elec    Rev.).   New    York.  N.    Y.;  8x10   In.:    10  cts. 
Electric    Riilwav    Journal    (Eiei-.    Rv.    Jl.),    New    York.    N.    Y.;    w: 

7x11)  in.;    10  cts. 
Electrical  World  (Elec.  Wld.i.  New  York.  N.  T. :  w:  7x10  in.;  10  cts. 
Electric    Traitlon    Weekly    (Elec    Trac.    Wklv.),    Cleveland.    C:    w: 

7x10   In.:    10   cts. 
Engineer    (Engr.    Lon.).    London.   England;   w:   4x11    In. 
Engineer   (Engr.).   CTilcago.   HI.;   hi-w:   7x10  In.:  20  cts. 
Engineer   (Eng.).   I.,ondon.   England;   w;   Sxll    In. 
Engineers'  Cluli  of   Plill.ul.lphIa    Pr.>ceedlngs   (Engr.'s  Cluh.    Phlln. 

Proc).   Philadelphia;  iir:   4x7   In.;   25  cts. 
Engineering-Contracting  (  Eng.-Contr  ).  Chicago,  w:  7x10  In.:10ct8. 
Engineering  Digest   (Eng.   Dig.).  New  York:  m;  5xS  In.;  20  els. 
Engineering  and   .Mining  Journal    (Eng    &    Mln.  .11).  New   York;   w; 

7x10   in.;    15   cts. 


■.iiKiii..  lint-    \  .iK..zir„     .i;i.«     .\I:,K  ,.    .\..«    Vork;   m:   5x7   in.;  25  cts 
Kngineering  .News  (Eng.  .News).  .V.w  York;  w;  .Sxll   in  ;  15  cts 
■.ngmeenng  Record   (Eng.   Rec).  .New   York:  w;  8x11   in.:  10  cts 
Hre  and    Water   Engineering    (F    &   W.    Eng.l.    New    York     N     Y 

S.xll    m.:    10  cts. 
Le  Genie  Civil   Paris.   F'rance;   w 
Good  Ro.ads  .Magazine   (Gd.   Rds.   .Mag).  New  Y'ork.  N    Y  ■   m     7x10 

in.;    10   cts.  ^ 

Industrial  MagJizine   (Ind.   .Mag.).  Cleveland,   O.:   m:  4x7  In.-  10  cts 
Industrial  World    (Ind.   Wld.).   PIttshurg.  Pa.;  w;  7x10  In  •  10  cts 
Inland  -Archltecl    (In.   Arch.).   Chicago.   III.;   m;   7x11   in.:   Jl 
Insurance   Engineering   (Ins.    Eng.).  New   York:  m:   4x6  In.:  25  cts. 
Iron  .Age.  New  York,  N.  Y. :  w;  7x11   In.:  15  cts. 

Iron  Trade  Review  (Iron  T.  Rev.).  Cleveland.  C:  w:  7x10  In.;  15  cts. 
Irrigation  .Age  (Irr.  Age).  Chicago.  111.;  m:  7x9  in.:  10  cts. 
Journal    Association     of    Engineering    Societies     (Jl.     Assoc.     Engr. 

Soc),  Boston,  .Mass.;  m:  4x7  In.:  30  cts. 
Journal  Franklin  Institute  (Jl.  Frank.   Inst.).  Philadelphia.  Pa  •   m- 

4xi    in.;    50  cts.  • 

.lournal    New    England   Waterworks   .Association    (Jl.    N     E     W     W 

-Assoc t.    Boston.   .Mass.;  q:   4x7  In. 
•Journal   Western    Society   of   Engineers    (Jl.    W.    Soc   Bn^TS.).    Chi- 
cago,  111.:   bi-ni;    4x7  in.:  50  cts. 
.Journal   of   Electricity,    Power  and    Gas    (Jl.    Elec    P     &   G  )     San 

Francl.sco.   Cal.:    w;   7x10  in.:   lo  cts. 
Journal   of  Worcester  Polytechnic    Institute    (Jl.    W     P    I  >     m     4x7 

in.:    20   cts. 
.Machinery.  New  York.  N.  Y. :  m:  7x11   in.;  20  cts 
Marine  Review  (.Marine  Rev.).  Cleveland.  O.:  w:  7x10  in.;  15  et« 
Mines  and  Minerals  (Mi.  &  Mis.).  Scranton.  Pa.:  w:  7x9  in.-  20  cts 
Mining  and   Scientific   Press   (Mln.  &  Scl.   P.).   San   Francisco.  Cttl. ; 

w;   7x11   in.:    15  cts. 
.Mining   Reporter   (Mln.    Rep. ».  Denver.  Colo.:   w-:   7x10   In.:    15  ctB 
.Mining  World  (.Mln.   Wld.).  Chicago.  III.;  w;   7x10  in  :   10  cts 
Modern  .Machinery   (Mod    .Mihy).  Chicago.  111.;   m:   7x10  In.;   10  cts 
.Municipal    Joi;rnal    and    Engineer    (Mun.    Jl.    &     Eng),    New    York 

N.   Y. :  w;   7x10  In.;  10  cts. 
.Municipal    I'lnglneering   .Magazine    (.Mun.    Eng.    .Mag).    India naiwlis. 

Ind.:  m:  4x7  In.:  25  cts. 
Ores  and  .Metals   (O.  &   M.),    Denver.   Colo.;   bl-w-;   6x10   in.:    10  cts 
Pacific    Building   Engineer    (Pae.    Bldg.    Engr.).   Seattle.    Wash.:    w. 

9x11   in.:    15  cts. 
Popul.ir  Mechanics    (Pop.   Mech.).  Chicago.   III.:   m:  5x7  In.;   10  cts. 
The  Polytechnic    (Poly.).   Troy,  N.   Y.;  m:  5xS  In.:   15  ct«. 
Power  and  Engineer  (Pwr.  *  Engr.).  New  York:  m;  7x10  In.;  20  ci». 
Rallivay   .Age   Gazette    (R.    R.    Age   Gax.).   New    Vork:    w;    8x11    In  : 

15   cts. 
Railway  Master  Mechanic  (Ry.   .M.  M).  Chicago:  m:  7x10  In.;  10  cts. 
Hallway  and   Englneeilng   Review   ( Rv.  ,t   Eng.   Rev.).  Chicago.  III.: 

w:  9x11   in.:   10  cts. 
Itiillway    and    I^icomotlve    Engineering    (Rv.    &    Loco.    Eng  )     New 

York.   N.   Y.:  m:   7x10  In.;   20  cts. 
Rjillway  and    Marine    World    (Ry.    &    M.    Wld.).   Toronto.    Ont.:    m: 

7x10   in.;    15   cts. 
I^ailway    I-Tnglneering    and    .Maintenance    of   Way    (Rv.    Eng.    A    \l. 

W).   Clilcago.   III.;  m;   7x10  In.:   10  cts. 
Riuidniaster  and    Foreman    (Rd.    &    For).  Cblcngo;   7x10   In.;    10  cts 
Rock  Products  (Hk.   Pr.>d.).  Chicago.  111.;  bl-w:  9x11  In.:  10  cts 
Rosi'  TechnIc,  Terre  Haute.    Ind.;  ni:   4x7  In.:   15  cts. 
School   of  Mines   Quarterly    ).Sch.    Mln.   Quart).   New   York.   N     Y  : 

i|r;   4x7  in  ;   50  cts. 
.Schwelzerlsche   Bauzeltung.   Zurich:    w. 

.Scientific  .Aint-n.-an   (Scl.   An).).  New  York:  w:  9x14  In.;   10  cts. 
Scientllc  .\nierican   Supplement   (Scl.   Am.  Sup).   New  York.   N.   Y.; 

w;   9x14  in.:    10  cts. 
Sibley   Journal  of   Engineering    (Sib.    Jl.    EnR.).    Ithaca,  N.    Y.:    m; 

4x7  In.;  20  cts. 
Stevens  Institute  Indicator  (Stcv.   Inst.    Ind.).   Hobokon.   N.  J.;    m; 

4x7  In.:   20  cts. 
Street   Railway  Bulletin   (St.  Ry.    Bui.),   Boston:   m;  SxIO  In,:  10  cts. 
.Surveyor  (.Surveyor),   London.  V'nglanil;  w:   6x11   In  ;   10  ct». 
TeibnoloKV  (Juarterly   (Tech  Qr. ).   Boston;  nr:  4x6  In.;  S5  cts. 
f.   S    DciMirttmnt  of  .\grlculture  Bulletin   (Dept.  Agr.   Bui.).  Wash- 
ington.   D.    C. :    4x7    In. 
v.    S.   Geological   Sur\'ey    Bulletin    (Goo.    Surv.    Bui.),    Washington. 

n    C  ;   4x7  In. 
Waien>roonng  and   Flreprooflng   (W.    P.    &    F.    P.).    Detroit,    Mich.; 

in;    7x10   In.:   10  cts. 
Zclisclirlft    d.    Oest,    Ing.    u.    An-h.    Ver.    Vienna;    w. 
Zeltschrlft   d.    Ver  Deutscher  Ing.;    Berlin;   w 


II 


ENGINEERING-CONTRACTING 


Vol.  XXXI.     No.  I. 


ROADS  AND   STREETS. 

The  Cost  of  Road  Construction  in  the 
\Jnited  States.— By  Maurice  O.  Eldridge. 
Gd.   Rds.   Mag.,   Decembep,   1908.     5%   pp. 

A  report  submitted  at  the  First  Interna- 
tional Road  Congress.  The  report  contains 
several  tables  showing  the  cost  of  experi- 
mental roads  constructed  by  the  U.  S.  Of- 
fice of  Public  Roads,  the  cost  of  sand-clay 
roads,  and  roads  constructed  by  various 
state   highway   departments. 

Care  and  Preservation  of  Street  Trees. — By 
Albert  D.  Taylor.  Gd.  Rds.  Mag..  December. 
190S.     5  pp. 

The  matter  is  taken  from  a  bulletin  issued 
by  the  College  of  Agriculture.  Cornell  Uni- 
versity. It  treats  of  the  damage  to  street 
trees  by  escaping  gas,  electricity,  regrading 
work,   etc. 

How  Imperial  Pavement  is  Laid. — By  W. 
B.    Spencer.     Gd.    Rds.    Mag..    December,  190S. 

An  address  before  the  Good  Roads  Auto- 
mobile  Convention   at   Atlantic   City.    N.   J. 

The  New  Era  of  Road  Construction. — By 
James  E.  Owen.  Gd.  Rds.  Mag..  December. 
1908.     2  pp. 

An  address  before  the  Good  Roads  Auto- 
mobile Convention  at  Atlantic  City,  N,  J. 
It  treats  of  the  growth  of  the  general  prin- 
ciples of  road  construction  and  the  adapta- 
tion of  these  principles.  Suggestions  for  the 
better  adaptation  of  the  highway  to  present 
conditions  are  also  given. 

Preservation  of  Park  Roads. — By  Col 
Chas.  S.  Brownell.  Gd.  Rds.  Mag..  Decem- 
ber,   190S.     2  pp. 

Describes  the  preservation  of  park  roads 
in  the  advent  of  tlie  motor  car. 

Cost  of  Constructing  a  25-ft.  Cement  Side- 
walk and  Curbing  in  Michigan  Ave.,  Chi- 
cago,  III.— Eng.-Contr..  Dec.   9.   190.S.     2/3  p. 

Gives  cost  of  constructing  a  25-ft.  cement 
sidewalk.  Cost  'Of  treating  surface  with  acid 
solution   is  also   included 

The  Selection  of  Dust  Preventives. — By 
Prevost  Hubbard.  Eng.-Contr..  Dec.  30. 
1908.  2  pp.  Gd.  Rds.  Mag..  December,  1908. 
5  pp. 

Describes  selection  of  material  for  treating 
country  roads,  suburban  roads  and  park 
roads.  The  matter  is  taken  from  a  bulle- 
tin of  the  r.   S.   Office  of  Public  Roads. 

Dust  Prevention  in  the  Parks  of  Boston. 
Mass.— By  John  A.  Pettigrew.  Eng.-Contr.. 
Dec.  30.  1908.     2/3  p. 

Describes  methods  and  gives  some  costs 
of  dust  prevention  in  the  parks  of  Boston. 
Mass. 

General  Figures  on  the  Cost  of  Road  Con- 
struction in  Various  Parts  of  the  United 
States.— Eng.-Contr.,  Dec.  23.  1908.  1  2,'3 
pp. 

General  cost  figures  in  the  construction  of 
object  lesson  roads,  sand-clay  roads,  ma- 
cadam roads  in  Massachusetts,  road  work 
In  Connecticut,  road  work  in  New  Jersey, 
gravel  and  macadam  roads  in  Indiana  and 
oiled   roads   in   California. 

Asphaltic  Concrete  Pavement  Surfaces. — 
Eng.-Contr..   Dec.   23,   1908.     1/3  p. 

Description  of  composition  of  asphaltic 
concrete  surface  on  Thames  Embankment 
at  London.  England. 

Law  Suit  for  Use  of  Oil  and  Water  on 
Roadways  Decided  in  Favor  of  the  Public. 
—Eng.-Contr..    Dec.   23.    1908.      %    p. 

Decision  in  U.  S.  Circuit  Court  at  Chi- 
cago on  i^e  of  oil  and  water  in  laying  dust 
in   streets   and   roadways. 

Asphalt  Testing  -  Ductility.  —  By  Henry 
Tipper.  Mun.  Jl.  &  Eng ,  Dec,  9,  190S.  •> 
pp. 

A  discussion  of  the  value  of  the  ductility 
test  of  asphaltic  cement  used  for  paving 
purposes. 

Testing  Asphalt.— By  Harry  Tipper.  Mun 
Jl.  &   E:ng..   Dec.  2,  1908.     1%   pp. 

Calls  attention  to  alleged  serious  defi- 
ciencies in  the  present  methods  of  testing 
asphaltic   substances   intended   for  paving. 


The  Akonia  Process  of  Dust  Prevention. 
—By  Eric  Daniel  de  Liebhaber.  Surveyor. 
Nov.    20.    1908.      11^    pp. 

A  description  of  the  Akonia  process  for 
preventing  dust.  The  process  is  based  on 
the  chemical  treatment  of  the  road  surface 
with  certain  sui^stances  of  a  hygroscopic 
nature. 

Examination  of  Tars  for  Use  on  Roads. — 
By  Clayton  Beadle  and  Henry  P.  Stevens. 
Surveyor,    Dec.   4,    1908.      2i/4   pp. 

Gives  an  outline  of  the  experimental  work 
and  a  description  of  the  tests  and  results 
obtained. 

Method  of  Constructing  a  Road  Through 
Swampy  Land. — Eng.-Contr.,  Dec,  2,  1908. 
1/3    p. 

Describes  method  of  constructing  ma- 
cadam road  %  mile  long  througli  bottom 
land   and   swamp. 

Methods  and  Costs  of  Constructing  990 
Lin.  Ft.  of  15-ft.  Cement  Walk  at  Nelson, 
B.    C— Eng.-Contr..    Dec.    2,    1908.      %    p. 

Describes  the  construction  and  gives  cost 
of   constructing   the   walks. 

An  As.ohaltic  Macadam  Highway  at  Rye, 
N.  Y.,  Built  by  the  Petrolithic  Process. — 
Eng.-Contr..   Dec.    2.    1908.      1   p. 

Describes  the  method  of  rebuilding  a 
highway  at  Rye.  N.  T..  which  had  been  bad- 
ly cut  up  by  motor  traffic.  The  petrolithic 
process  was   employed  in   the   work. 

The    Mineral    Rubber    Pavement. — By    Linn 
\Vhite.      Mun.    Eng.   Mag.,    December,    190S. 
2  pp. 

Description  of  the  mineral  rubber  pave- 
ment, taken  from  a  paper  read  before  the 
.\merican  Society  of  Municipal  Improve- 
ments. 

The  Blome  Concrete  Pavement. — By  Har- 
ry S.  Dewey.  Mun.  Eng.  Mag.,  December, 
1908.     21^    pp. 

Describes  the  construction  of  the  Blome 
system  of  concrete  pavements  and  gives 
specifications  for  the  Blome  system  of  gran- 
itoid concrete,  block  pavement.  The  mat- 
ter is  taken  from  a  paper  read  before  the 
American  Society  of  Municipal  Improve- 
ments, 

Pavement  Assessments  and  Collections. — 
By  E.  R.  Schreiter.  Jr.  Mun.  Eng.  Mag.. 
December,    1908.      2   pp. 

Describes  the  method  employed  at  De- 
troit. Mich.,  for  the  above.  The  matter  is 
taken  from  a  paper  read  before  the  League 
of   .American    Municipalities. 

The  Value  of  the  Carbene  Requirement  in 
Asphalt  Specifications. — By  L.  Kirschbaum. 
Mun.   Eng.   Mag  ,   December,   190S.     3i,4   pp. 

Describes  the  investigations  made  in  con- 
nection with  the  preparation  of  asphalt  spe- 
cifications for  the  city  of  Chicago  to  de- 
termine the  value  of  the  carbene  test,  which 
is  used  for  the  purpose  of  detecting  those 
asphalts  which  have  been  injured  by  se- 
vere heat  treatment  in  the  process  of  re- 
fining or  production. 

Bituminous  Macadam  Road  Construction 
in  Rhode  Island  and  Specifications  for  the 
Work.— Eng.-Contr,.    Dec.    9,    1908.      2    pp. 

Describes  the  methods  employed  in  the 
construction  of  a  bituminous  macadam  road 
.and  gives  specifications  under  which  tlie 
work  was  done.  Some  figures  of  cost  are 
also  given.  The  work  was  done  in  1908  un- 
der the  supervision  of  the  State  Board  of 
Public   Roads. 

Road  Construction  and  Maintenance  in 
Gloucester  County,  England, — By  Robert 
Pliillips,     Eng,-Contr..  Dec.   16,   1908.     2   pp. 

Describes  the  various  kinds  of  roads  in 
Gloucester  county,  and  gives  the  method  of 
construction    and    maintenance. 

Old  and  New  Methods  of  Asphalt  Paving. 
— By  Guy  B.  Grant.  Mun.  Eng.  Mag.,  De- 
cember.  1908.      2'4   pp. 

Describes  the  construction  of  an  asphalt 
pavement  in  1882  at  Omaha.  Neb.,  and  com- 
pares the  present  method  of  paving  with 
tile    methods    employed    26    years   ago. 


The  Blome  Method  of  Constructing  Con- 
crete Pavements. —  Eng.-Contr.,  Dec.  16. 
190S.      =3    pp. 

Description,  including  specifications  of  the 
Blome  system  of  granitoid  blocked  pave- 
ment. 

SEWERS. 

Cost  of  Five- Foot  Concrete  Sewer. — Cem. 
Era.,    December,    1908,    1%    pp. 

Describes  briefly  method  of  constructing 
sewer  with  cost  figures  for  trenching  by 
steam  shovel,  sheeting  and  concrete  work. 
Figures  show  very  low  costs  and  are  partial 
only. 

Observations  of  Methods,  Cost  and  Re- 
sults of  Sewage  Purification  Abroad.  By  H. 
W.  Clark.  Jl.  .^ssoc.  Engr.  Soc.  November. 
1908.    50   pp. 

This  is  a  valuable  paper  and  discussion  to 
sanitary  engineers.  The  author  describes  the 
works  visited  and  in  particular  gives  records 
of  results  and  costs  of  treatment  that  are  of 
higli  value  and  interest.  Both  British  and 
Continental  European  practice  are  repre- 
sented  by   tlie   plants   visited. 

Method  of  Building  a  Storm  Water  Sewer 
in  New  York  With  Some  Costs.  Eng.-Contr., 
Dec.   2.   190S,  3U  pp. 

Describes  the  use  of  trench  machines  and 
steam  shovels  for  trenching  and  gives  some 
costs  of  the  steam  shovel  work.  The  meth- 
od of  blasting  and  excavating  rock  is  also 
described  and  the  use  of  a  special  pile  driv- 
er for  driving  sheeting  is  explained.  There 
are  also  data  on  the  use  of  metal  forms  for 
the  arch. 

Intake  Tunnel  and  Crib  of  Laurence  Ave. 
Pumping  Station,  Chicago,  Eng -Rec.  Dec. 
19.  190S.     2V4   pp. 

A  description  is  given  of  tills  intake  tun- 
nel and  crib,  showing  the  details  of  con- 
struction and  the  methods  of  carrying  on  tlie 
work.  A  tunnel  over  1.400  ft.  long  was  driv- 
en  imder   Lake  Michigan. 

Some  Details  of  the  Design  and  Construc- 
tion of  the  Baltimore  Sewerage  System.  Eng. 
Rec,  Dec.   19.  1908.     3  pp. 

Many  of  the  details  of  the  work  on  this 
sewerage  system  are  described  and  illus- 
trated and  it  is  shown  how  difficulties  that 
were  encountered  were  overcome.  Some  of 
the  problems  to  be  solved  were  quite  inter- 
esting. 

Lawrence  Experiments  Regarding  the  Dis- 
tribution of  Sewerage  Over  Sprinkling  Filt- 
ers.    Eng.  Rec,  Dec,  26,  1908.     3%  pp. 

Considers  the  results  so  far  obtained  of 
the  Massacliusetts  Board  of  Health's  ex- 
periments as  to  the  different  methods  of 
distributing  sewage  over  sprinkling  filters. 
Man>"  varieties  of  sprinklers  have  l)een  tried. 

Methods  of  Making  Tight  Joints  in  Pipe 
Sewers.  By  B.  E.  Briggs,  Eng.-Contr..  Dec. 
9.  1908.     IVs  pp. 

Notes  lax  practice  in  securing  tight  joints 
in  pipe  sewers  and  cites  examples,  discusses 
advantages  of  tight  joints  and  difficulties  of 
obtaining  them  under  various  conditions, 
describes  joint  constructions  used  at  Erie. 
Pa.  Special  gasket  joints  and  long  lengths 
of  pipe  are  used.  An  article  of  interest  to 
city   engineers. 

Estimating  the  Cost  of  Manholes  from  a 
Diagram,  By  John  Wilson.  Eng.-Contr.. 
Dec.    9.   1908.   %    p. 

Gives  diagram  and  explains  method  of 
using  it.  Having  given  the  depth  of  man- 
hole, then  the  number  of  brick,  amounts  of 
sand,  cement  and  mortar,  the  cost  of  labor 
and  the  total  cost  of  the  manhole  plus  15 
per  cent  profit  can  be  read  from  the 
diagram, 

Bronx  Valley  Sewer  Construction. — Mun. 
Jl.   &    Eng.,   Dec.   30,    1908.      41/2   pp. 

Describes  the  construction  of  the  Bronx 
Valley  sewer — an  intercepting  sanitary  and 
outlet  sewer  being  built  through  White 
Plains,  Greensburg,  Scarsdale,  East  Chester, 
Mt,  Vernon  and  Tonkers,  N.  T. 
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Sewer  Construction  In  Chicago. -Mun  Jl 
&    KllK.     UfC.   2.    190S.     5   pp. 

A  Kt-neml  dencrlpllvo  article  of  the  con- 
mructlon  of  the  95lh  St.  sewer  system  In 
ChloaRo.     The  »i-«er«   were  of  coiurete 

The  Hampton  Doctrine  In  Relation  to 
Sewage  Purification.— By  Dr.  A.  Lubbert 
Surveyor.   Pec.   4  and  11,   1908.     i  pp. 

A  criticism  of  the  theory  that  the  Hamp- 
ton doctrine  haa  been  demonstntted  to  be  a 
rational  Interpretation  of  practical  sewage 
ill.sposnl  operations.  The  niattir  Is  translat- 
ed from  a  report  to  the  Hamburg  State 
IlyKienIc    Institute. 

Tight  Joints  In  Pipe  Sewera.— By  B.  E 
Briggs.     Mun.    Eng.    Mag.,     December,    1908. 

m  pp. 

A  paper  read  before  the  American  Society 
of  Municipal  Improvements,  in  which  ii 
glv^s  various  methods  of  securing  tight 
Joints    In   pipe  sewers. 

WATER-WORKS   AND    HYDRAULICS 

Co-efficients  of  Discharge  Ttirough  Sluice 
Gates  and  Over  Wires.  By  H.  F.  Labelle 
Eng.    Rec.    Dec.   26,    190S.     H4   pp. 

A  discussion  of  the  measuring  of  water 
flowing  through  orifices,  showing  its  im- 
portance In  Irrigation  worit.  The  various 
forniulus  for  this  purpose  are  considered  and 
commented  upon.  Some  computed  discharges 
are  compared  with  actual    gaging. 

A  Low  Head  Hydro-Electric  Development 
at  Berrien  Springs,  Michigan.  Rng.  Rec. 
Dec.  26,   190,S.     3  "4  pp. 

A  description  is  given  of  the  design  anil 
construction  of  this  concrete  dam  built  for 
power  purposes. 

Construction  of  the  Croton  Falls  Reser- 
voir.     Eng.    Rec.    Dec.    12.    lyOS.      4    pp. 

The  contractor's  method  of  carrying  on 
tills  woric  is  described  in  detail,  and  much 
of  tiie  plant  useil  is  described  and  illustrated. 

Construction  of  the  Little  River  Water 
Supply  for  Springfield,  Mass.  Eng.  Rec. 
Dec.   12.    1908.     3^4  pp. 

A  description  of  the  work  and  of  the 
method  used  by  the  contractors  The  water 
is  taken  from  a  river  and  filtered. 

Purification  of  Ground  Waters  Containing 
Iron  and  Manganese.  By  R.  S.  Weston. 
Proc.  Am.  S.  of  C.   E..  Dec.  1908.     70  pp. 

Shows  tile  importance  of  ground  water 
supply,  and  its  advantages.  Considers  the 
character  of  ground  waters,  the  deteriora- 
tion of  the  supply  and  other  features.  Shows 
both  .-Xmerlcan  and  European  practice  of 
purifying  ground  waters  containing  Iron  and 
manganese. 

Problems  in  Designing  the  Kern  River  No. 
1  Hydro-Electric  Power  Riant.  By  F.  C 
FInkle.   Eng.   .\"ews.   Dee.   24.  IftOS.     9^4  pp. 

A  valuable  article  on  hydraulic  power 
plant  design.  .\  general  description  of  the 
plant  is  given,  then  the  author  explains 
the  methods  of  designing  the  Intake,  the 
gravity  conduit,  the  waste  flume,  the  force 
main  and  the  Impulse  turbines.  Diagrams 
and  formulas  u.sed  are  stated  and  methods 
of  compulation  explained.  The  article  is 
copiously  Illustrated. 

Methods  and  Some  Costs  of  Driving  Stove 
Pipe  Wells  on  Long  Island.  By  Walter  E. 
Spear      Engr -Coiitr..   Dec.    2.    19ciS.      1 'i   pp. 

The  plant  for  well  driving  is  described  and 
Improvements  on  former  methods  of  opera- 
tion are  explained.  The  method  of  driving 
Is  then  described  In  detail.  General  figures 
on  cost  of  driving  per  foot  of  well  are  given. 

Methods  of  Making  Rubber  Pipe  Joints 
With  Some  Costs,  liy  H.  S.  Weston.  Eng - 
'•ontr..   Die.    16.    190.S.      IS    pp 

De.scrll>es  construction  of  rubber  Joint, 
gives  sizes  of  pipe  and  comparative  costs  of 
lead  .ind  rutilx-r  joints  for  various  sizes. 

Cataract  Dam,  Sydney,  New  South  Wales. 
Eng.  News.  Dec.  3,  1908.     1  p. 

Shows  view  of  complete<l  dam  and  of 
character  of  masonry  and  gives  principal  di- 
mensions, quantities  of  materials  and  some 
remarks    on     construction.      This      dam      is 
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mainly   of   cyclopean    masonry,    811    ft.    long 
and   157  ft.  high  above  river  bed. 

Experimental  Hydraulic  Dredge  Fill  Dams 
at  Gatun  Made  for  the  Isthmian  Canal  Com- 
mission. By  C.  M.  Savllle,  Eng.  News.  Dec. 
24,  1908.     514  pp. 

To  obtain  data  on  water  tightness  of 
Gatun  dam  an  experimental  section  of  dam 
one-twelfth  the  size  of  the  Gatun  dam 
was  constructed  and  tested.  The  report  of 
these  tests  is  abstracted  in   this  article. 

Water  Works  Valuation  and  Fair  Rates  In 
the  Light  of  the  Maine  Supreme  Court  De- 
cision in  the  Waterville  and  Brunswick 
Cases.  By  Leonard  Metcalf.  Eng.-Contr.. 
Dec.  16  and  2.3.  190S.  and  Jan.  6.  1909.     13  pp. 

Points  out  instructions  for  water  works 
valuation  and  rate  determination  contained 
in  decisions  mentioned  and  discusses  their 
application.  A  notably  valuable  paper  for 
cost  analysis  engineers. 

Newton's  Water  Supply  System.— By  A. 
W.  King.  Mun.  Jl.  &  Eng..  Dec.  23.  1908. 
4V,    pp. 

Describes  the  water  supply  system  of 
Newton.  Mass.  Supply  is  obtained  through 
pipe  wells.  Methods  of  constructing  exten- 
sion of  the  system  is  described;  as  is  meth- 
ods of  handling  ground  water. 
°  Slip  of  Pumping  Engines. — Mun  .11.  & 
Eng..   Dec.   16.   190S.     4  pp. 

Discusses  importance  of  considering  slip 
in  water  works  calculations  and  gives  the 
results  of  tests  in  30  cities  showing  slip  of 
pump.  Various  methods  of  measuring  slip 
are   described. 

Rubber  Water  Pipe  Joints.  — Mun.  Jl.  & 
Eng..   Dec.    2.    1908.      1%    PP. 

Describes  the  use  of  rubber  rings  without 
lead  or  other  substance  for  making  tight 
water  pipe  Joints.  Comparative  costs  of 
lead  and  rubber  pipe  Joints  are  given.  The 
matter  is  taken  from  a  paper  by  Robert 
Spurr  Weston,  read  before  the  New  England 
Waterworks    Association. 

DRAINAGE  AND   IRRIQATION. 

Seepage  and  Loss  of  Water  From  Lined 
and  Unlined  Irrigation  Ditches  With  Some 
Costs.     Engr.-Contr..   Dec.   2.   190S.     3%  pp. 

Report  of  series  of  teses  made  on  the  rela- 
tive efficiency  of  canal  linings  in  resisting 
seepage.  Twelve  ditches  were  tested,  some 
unlined  and  others  lined  with  concrete,  ce- 
ment mortar,  cement  lime  concrete,  puddle 
and  road  oils.  Construction  of  linings  is 
described  and  results  of  tests  are  given  in 
tabular  form. 

Cost  of  Pumping  from  Wells  for  the  Irri- 
gation of  Rice  for  Eighteen  Pumping  Plants 
in  Louisiana  and  Arkansas.  Eng.-Contr.. 
Dec.   16.   1908.     li,4   pp. 

The  tests  were  made  to  show  the  cost  of 
water  supplied  and  in  general  the  efficiency 
of  the  machinery  used.  Table  showing  re- 
sults gives  for  each  plant  the  lift,  first  cost. 
area  irrigated  and  the  first  cost,  fixed 
charges,  fuel  cost,  attendance  cost  and  total 
cost   per   acre   irrigated. 

Methods  and  Costs  of  Lining  Ditches  and 
Canals.     Eng.-Contr.,  Dec.  30,  1908.     5  pp. 

Describes  six  methods  of  lining  irrigation 
canals  giving  specific  examples  with  results 
and  costs  of  work.  A  valuable  article  for 
irrigation  engineers  as  method.s  and  costs 
are  very  fully  presented. 

RIVERS,  HARBORS  AND   CANALS. 

Successful  Low  Timber  Dam  for  Broad 
Sandy  River  Channels.  By  O.  E.  Parker. 
Eng.   Rec.   Dec.   :,.   1908.     1  p. 

.\  description  and  plan  is  given  of  a  dam 
of  this  character  that  was  built  on  the  Ar- 
kansas River.  The  methods  of  doing  the 
work  is  also  described. 

Present  Condition  of  Work  on  the  Panama 
Canal.    Eng.  Rec,  Dec.  5,  1908.     8  pp. 

The  general  situation  as  to  plans  for 
future  work  and  also  of  the  work  that  has 


been  done  is  described  in  this  article.  The 
data  from  which  it  is  written  is  taken  from 
the  recent  annual  report,  the  Canal  Record 
and  other  sources. 

Utility  of  Waterways  as  a  Factor  in  Trans- 
portation. By  J.  A.  Ockerson.  Eng  Rec. 
Dec.   19.    1908.     2%   pp. 

An  address  before  the  River  and  Harbor 
Convention  being  a  plea  for  inland  water- 
ways giving  statistics  sliowing  the  benefit 
from  such  waterways  in  Europe. 

Structural  Steel  Ore  Dock  at  Two  Harbors. 
Minn.    Eng.  Rec,  Dec.  5,  1908.    2%  pp. 

A  description  is  given  of  this  50.000-ton 
steel  ore  dock,  and  of  the  methods  of  erect- 
ing the  structure.  The  dock  is  owned  by  the 
Duluth  &  Iron  Range  R.  R. 

Improvement  of  the  Detroit  River  for  Nav- 
igation.    Eng.  News.   Dec.   17,  1908.     3  pp. 

Describes  the  New  Livingstone  Channel 
work  and  reviews  work  done  on  the 
Amhurstburg  Channel.  Drill  boat  for  rock 
excavation  under  water  is  illustrated  and 
described.  Some  7.500  ft.  of  channel  is  rock 
excavation  within  cofferdams  and  cofferdam 
construction,  air  lift  pumping  plant  and 
cableway  excavating  plant  are  described. 

Design  of  Canal  Diversion  Wiers  on  a 
Sand  Foundation.  By  W.  G.  Bligh.  Ap- 
plied   Science.   November,   1908.      11   pp. 

Describes  the  rneans  to  be  adopted  to  in- 
sure the  safety  of  wiers.  which  are  not  only 
exposed  to  undermining  by  their  founda- 
tion being  washed  out  by  subsoil  percula- 
tion.  but  are  al.so  subject  to  scouring  action 
of  the  powerful  current  of  a  river  in  flood, 
which  completely  submerges  the  whole  work. 
A  paper  of  Interest  to  hydraulic  engineers. 

Analysis  Showing  that  the  Panama  Canal 
is  Certain  to  Cost  at  Least  $210,000,000  or 
50  per  cent  More  Than  Originally  Estimated. 
Engr.-Contr..  Dec  2.  16  and  30.  190S.  1^.^ 
pp. 

Siimmarizes  figures  of  expenditures  and 
work  done  from  reports  of  the  Isthmian 
Canal  Commission  and  demonstrates  that, 
if  corresponding  construction  costs  are  as- 
sumed for  work  remaining  to  be  done,  the 
canal  will  cost  some  50  per  cent  more  than 
it  was  estimated  to  cost.  Demonstrates  ex- 
travagant costs  of  work  as  it  is  now  being 
carried  on. 

Extracts  from  the  Annual  Report  of  the 
Isthmian  Canal  Commission.  Eng  News. 
Dec.  3,  1908.  4  pp;  Earth  &  Rock.  Dec.  1. 
1908.   2%  pp.:  Eng.  Rec,  Dec  5.  1908.   S  pp. 

Reprints  of  portions  of  the  main  report  of 
the  Commission  for  the  year  ending  June 
30.  1908.  giving  a  general  outline  of  the  work 
done  and  a  summary  of  the  year's  expendi- 
tures and  receipts. 

Continuous  Wooven  Mattress  Rivetment 
Compared  to  the  David  Neale  System.  By 
W.  R.  DeWitt  and  Chas.  H.  Miller.  Eng. 
News.   Dec.   10.    1908.      2%   pp. 

A  criticism  by  Mr.  DeWitt  of  the  David 
Neal  system  of  bank  protection  and  an 
answer  thereto   by  Mr.   Miller. 

Silt  in  the  Proposed  Reservoirs  of  the 
Ohio  Basin.  By  Herman  Stabler.  Eng 
News.  Dec.   10,   1908.     2  pp. 

Discusses  the  question  of  the  objections, 
due  to  silting  up  of  reservoirs,  to  the  reser- 
voir system  of  regulating  Ohio  River  floods. 
Gives  estimates  showing  that  it  would  take 
some  500  years  accumulation  of  silt  to  re- 
duce capacity  of  reservoirs  by  10  per  cent. 
Probably  accuracy  of  estimates  discussed. 

Permanent  Improvement  of  the  Ohio  Riv- 
er.— By  Capt.  P.  S.  Bond.  Eng.  Rec.  Dec. 
26.   1908  and  Jan.  2,  1909.     8  pp. 

This  article  describes  the  improvements 
being  made  by  the  National  Governnient  in 
the  Ohio  river.  Description  is  given  of  the 
various  locks  and  dams  that  are  lieing  built 
and  much  of  work  is  described  in  detail, 
being  illustrated  with  photographs  and 
drawings. 


Practical  Irrigation 

Its  Value  and  Cost 

By  August  J.  Bowie 

Includes  100  tables  of  comparative  cost,  relative 
soil  production,  dimensions,  capacities  and  design 
of  reser\'olrs  and  wells,  with  other  data  of  value  to 
the  practical  Irrigation  engineer. 

CONTENTS 

CHAPTER  I.-Wbat  Irrigation  has  Accomplished, 
ir. — Units  in  Use.  111. — Methods  of  Irrigation  in 
Use.  IV. — Evaporation.  V. — Actual  Results  of 
Irrigation.  VI. — Different  Sources  of  Water  Sup- 
ply. The  Natural  Flow  of  Streams.  Reaervoirs. 
Natural  Resen'olre.  Cost  of  Stored  Water.  Value 
of  Location.  Artificial  Reservoirs.  Canals  as 
Storage  Basins.  Underground  Supply.  VII. — 
Methods  and  Appliances  for  Obtaining, Water.  Con- 
duction and  Distribution  of  Water.  Calculallon 
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Water  Power  Engineering 

The  Theory,  Investigation  and  Development 
of  Water  Powers.  By  DANIEL  W.  MEAD. 
Professor  of  Hydraulic  and  Sanitary 
Engineering,  University  of  Wisconsin. 

803  pages,  413  illustrations,  numerous  tablet. 
Price,  16.00  net. 

Practical  Irrigation 

Its  Value  and  Cost.  By  AUGUST  J.  BOWIE. 
252  pages,  53  illustrations.  Price,  $3  00  net. 

Cement  and  Concrete 

By  LOUIS  C.  SABIN. 
Second    Edition  —  Revised     and     Enlarged. 
Testing  of  Cement  and  Methods  and  Cost  of 
Concrete  Making  Given  Special  Attention. 
584  pages,  161  tables.     Price,  $5.00  net. 

Hot  Water  Heating  and  Fitting 

Modem  Hot  Water  Apparatus,  the  Method  of 
Their    Construction     and     the     Principles 
Involved.    By  WM.  J.  BALDWIN. 
Fourth  E.I ition — Revised  and  Enlarged.     322 
li   pages,  213  illustrations.     Price,  $4.00  net. 

Heat  Energy  and  Fuels 

By  H.  v.  jiJPTNER.    Translated  by  Oskar 

Nagel.    A  complete  and  up-to-date  treatise. 

306  pages.  118  illustrations.     Price.  $3  00  net. 

Electricity  and  Magnetism  in 
Telephone  Maintenance 

By  G.  W.  CUMMINGS.  A  clear,  accurate 
and  simple  treatment  of  the  fundamentals 
of  electricity  and  magnetism. 

140  pages.  45  illustrations      Price,  Sl-50  net 
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Shop  System,  Estimatmg.  Wiring  Construc- 
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162  pages,  witll  suggested  forms  and  numerous 
illustrations.      Price,  $2.00  net. 
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RAILWANS. 

Cost  of  LlgHt  and  Heavy  Cars  In  Railway 
Operation.     Kl«:.   Hy    Jl  .   Dec.  5.   1908.      Vj   p. 

i;ive8  <-iitlnmte»  oomparlng  Investment  and 
opertitlns  costs  of  seml-convertlble  cars  vs. 
a  mixed  equipment  for  cfly  and  suburban 
.•tervlce. 

Brake  Shoe  Methods  and  Costs  on  the  Met- 
ropolitan West  Side  Elevated  Railway,  Chi- 
cago.    Elec.  Ky.  Jl..  Dec.  a.  1908.     1  p. 

rilves  costs  of  brake  shoes  for  year  end- 
ing Nov.  1.  1908.  In  detail,  and  describes 
Tnethods  and  results  of  new  plan  to  reduce 
brake  .«;hoe  wear  and  expenses. 

Track  Reconstruction  In  New  York.  Elec. 
Ry    Jl..   Dec.    26.   1908.     2  pp. 

Shows  drawing  of  st.indard  track  and 
trolley  conduit  construction  usInK  9-ln.  rail 
tor  track  reconstruction  for  the  Metropolitan 
Street  Ry.  Co..  In  New  York  City.  The 
■work   is  described  In  some  detail. 

Rail  and  Water  Terminal  at  Bristol.  Eng- 
land; Great  Western  Ry.  Eng  News.  Dec. 
10.   1908.     2   pp. 

A  general  description  of  the  lay-out. 
equipment  and  construction  of  this  new  ter- 
minal with  some  interesting  views  and  plans 
of  a   reinforced   concrete  freight   station. 

Steel  Tie  and  Concrete  Tie  Construction. 
By  (-.  H.  Clark.  Can.  Kngr..  Dec.  4.  1908. 
!»,    pp. 

This  paper  relates  chiefly  to  steel  tie  con- 
struction for  railway  and  street  railway 
track.  It  describes  early  forms  of  steel  ties 
and  in  particular  the  Carnegie  steel  tie. 
points  out  the  advantages  of  steel  ties  and 
<'ompares  the  cost  of  steel  and  wood  ties. 

Building  and  Maintaining  Railroad  Cross- 
ings. By  W.  C.  Sparks.  Eng.-Contr.,  Dec. 
30.  1908.  m  pp.:  Can.  Engr  .  Dec.  4.  1908. 
1%   pp. 

Discusses  present  practice  in  crossing 
construction  and  suggests  a  design  and  con- 
struction for  a  crossing  founded  on  crushed 
stone  on  a  concrete  foundation.  The  main- 
tenance of  crossings  Is  discussed 

Cost  of  Street  Railway  Track.  Eng.  Rec., 
Dec.   19.   1908. 

The  cost  of  track  construction  of  three 
different  lines  of  the  T'tica  &  Mohawk  Valley 
Ry.  is  given,  showing  each  item  of  cost  both 
for  materials  and  labor.  The  wages  paid  are 
■not  listed. 

Railway  Capital  and  Values.  By  W.  H. 
Williams.  Ry.  &  Eng.  Rev..  Dec  26.  1908. 
2H    pp. 

The  subject  is  discussed  from  a  general 
standpoint,  and  the  methods  of  valuation 
used  in  Michigan  are  described.  The  head- 
ings commented  upon  are  physical  proper- 
ties; non-physical  properties;  taxation; 
rates   and    «apitalization. 

Methods  and  Cost  of  Handling  Locomotive 
Coal  and  Ashes.  By  C  F.  Whit  ton.  Eng.- 
(^ontr..  l)tr-    2    1908.     3%   pp. 

Describes  various  types  of  plants  common- 
ly used  for  coal  and  ash  handling,  discusses 
their  capacity  characteristics,  methods  of 
operation  and  gives  examples  of  cost  of  op- 
eration. .A  valuable  paper  for  railway  en- 
gineers. 

Reinforcing  Corroded  Trolley  Poles.  ( 'omp 
-Mr.   Dec.    1908.      \    p. 

Descrlbi'.s  a  method  of  llllint;  a  hollow  Iron 
pole  with  concrete  and  plai  ing  in  It  some 
reinforcing  steel  rods.  A  special  machine 
Is  useil  for  I  lie  purpose,  which  does  the  Job 
both  quickly  and  cheaply. 

Steel  Rails  in  Canada.— By  F.  P.  Gutellus. 
Can.    Ry.   Club.     December.    1908.     IS  pp. 

A  paper  giving  the  writer's  experience 
with  steel  rails  on  the  Canadian  Paclflc 
Ry.  Gives  rules  of  that  railroad  for  laying 
and  caring  for  rails,  also  specifications  for 
Si»-lb.    open    hearth    and    Bessemer   rails. 


BRIDGES,  BLILDI.NQS  AM)  FOt.VDA- 
TIONS. 

Special  Structural  Steel  Work  In  the  La 
Salle  Hotel,  Chicago.  Fng.  News.  Dec.  3. 
I9II.S.     ;!>3   pp. 

Ueni-ral  description  of  steel  work  of  a  21- 
story  building  with  drawings  of  special  truBS 
work,    roof  arches  and  column  sections. 

Temporary  Bridge  Across  the  Cornwall 
Canal  *and  PermaTtent  Repairs  to  Canal 
Break,      l-.tig     News,   Dec.   17,    1908.     2?i    pp. 

Describes  the  construction  of  the  tempo- 
rary bridge  to  cross  the  canal  In  place  of  th- 
bridge  washed  out  during  the  break  on  June 
23.  1908.  A  general  description  of  the  per- 
manent repairs  to  the  break  and  of  the  per- 
manent drawbridge  follows. 

Discussions  Before  the  Technical  League 
on  the  Blackwells  Island  Bridge.  Eng.-Contr  . 
Dec.  9  and  23.   1908.     -  •,^   pp. 

Loadings  assumed  and  methods  of  com- 
putation are  commented  on  and  criticized, 
statement  that  there  was  •'not  a  single  stress 
One  of  the  discussions  makes  the  startling 
correctly  calculated." 

Construction  of  the  Manhattan  Bridge 
Cables. — Eng.   Rec,   Dec.   a,   1908.     4   pp. 

A  description  is  given  of  the  fabricating 
and  erecting  of  the  cables  for  this  new  sus- 
pension bridge;  well  Illustrated,  the  draw- 
ings and  photographs  adding  to  the  value 
of  the  text. 

Test  of  Suspender  Ropes  for  the  Manhat- 
tan Bridge,  New  York. — Eng.  Rec.  Dec.  19. 
190S.      =i    p. 

Description  is  given  of  the  suspender 
i-opes,  and  also  of  the  te.st  made  upon  them. 

Proposed  Structural  improvements  for  the 
Elevated  Terminal  Loop  at  Chicago. — Eng. 
News.    Dec    17.    1908.      2    pp. 

Abstracts  report  of  Charles  Mohler.  Engi- 
neer Loop  Protective  Association,  on  method 
of  improving  traffic  capacity  and  reducing 
noise  on  the  elevated  loop  terminal  in  Chi- 
cago. Two  suggested  constructions  of  track 
to  reduce  noise  are  illustrated. 

Weights   and  Costs  of    Eight  Lift   Bridges. 

Eng.-Contr..    Dec.    ..    1908.      1    p. 

The  bridges  tested  are  of  various  types 
of  bascules,  and  the  data  given  covers 
weights,   dimensions   and   general    costs. 

Method  and  Cost  of  Removing  a  Suspen- 
sion Bridge.—  Eng-Cnnli-..  Dec.  16.  190S. 
'/i  p. 

Describes  the  bridge,  gives  original  cost, 
quantities  Involved  and  cost  of  removing 
cable   and    masonry   work. 

Cement  Tile.— By  E.  S.  Hanson.  Cem. 
Eia..  December.  1908.    2  pp. 

Desirlbes  briefly  cement  tile  factory  at 
EsthervlUe.  la.,  and  gives  figures  of  cost  of 
manufacture. 

Waterproofing  Cement  at  the  Mill. — By 
Mr.  B  Potter  I'liii.  Era..  December.  190S 
2   pp. 

The  paper  states  the  requirements  of  a 
waterproofing  process,  and  then  gives  re- 
sults of  tests  made. 

Reinforced  Steel  Construction;  Sterling  & 
Welch  Co.  Building. — Cone  Eng.  December. 
190S.     6^  pp. 

The  construction  descrlbetl  is  n  lomblna- 
tlon  of  self-supporting  steel  frame  and  door 
rods  embedded  In  concrete.  This  type  ot 
construction  Is  descrlbtMl  and  Its  advantages 
stated,  details  of  construction  are  shown, 
and  some  of  the  contractor's  methods  de- 
scribed with  drawings  of  forms,  mixing 
plant    lay-out.    concrete  cars.    etc. 

CONCRETE  AND    Rr;INPORCF:D   CON- 
CRETE. 

Time  of  Removal  of  Centers  in  Concrete 
Sewer  Construction. — Hy  Albert  C.  Lehman 
Eng.    Kec.    Dec.    12,    190S.      V4    P. 

Comments  are  made  on  the  length  of 
time  to  leave  In  centers  on  sewer  work,  and 
some  records  are  given  of  actual  time  be- 
fori-    which    the   centers    were    removetl 
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Corporate  ^^ 

Discussts  in  iie!a.::  the  formation  of  a  corpor- 
ation from  selection  of  name  and  capitalisation  to 
complete  organization;  indicating  the  danger 
points  and  Riving  numerous  and  most  valuable 
,UKJ.rrstions.  Contains  forms  for  subscription  lists, 
charters,  by-laws,  option  agreements,  voting  trust 
.iKfccments.  etc.,  etc  The  most  practical  work  of 
itskinrj.  400  pages.  6x9  inches,  1908.  Buckram 
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Third  Edition 

A  practical  work  on  the  management  of  corpor- 
ations, telling  what  to  do  and  how  and  when. 
Treats  of  by-laws,  stock,  stockholders,  director*, 
officers,  regular  and  special  meetings,  minutes, 
corporate  records,  etc  ,  etc.  Contains  over  300 
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A  FTER  a  lifetime  spent  in  accu- 
■^*-  miilatine  material,  and  nearly 
four  years  of  hard  finding  work  in 

f lulling  this  matter  in  shajx'  for  pub- 
ication,  we  are  happy  to  announce 
a  comprehensive  arid  up-to-date 
pocket-book  for  civil  engineers — not 
a  scrap  book,  but  a  condensed  trcati.se 
on  civil  engineering,  filled  with  data 
and  tables  many  of  which  have  never 
before  lieen  published.  For  instance  : 
The  author  spent  12  weeks  of  con- 
stant labor  calculating  and  checking 
one  new  table,  the  need  of  which  had 
been  shown  him  by  his  own  expe- 
rience as  an  engineer. 

Thus  there  is  crowded  into  the  1,300  pa>ir4  a 
\'.l-.t  .ii;.i^i:ir.  '■:'  tv..it:«T  lV..»'  ;'..ikcs  this  the 
ono  book  that  no  civil  encinevr  or  con- 
tractor can  afford  not  to  have.  It  is  an 
'"l""  .rincerinK  knowl- 

<"'!►■  li-nscd    into    one 
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Designing  Methods  Reinforced  Concrete 
Construction;  Reservoirs. — Bulletin  Corru- 
gated Bar  Co.,  St.  Louis.  Mo..  December, 
1908.      23  pp. 

This  is  bulletin  No.  6,  of  Vol.  I.  issued  by 
this  company  on  the  above  subject,  this 
pamphlet  being  devoted  to  reservoirs.  Gives 
specifications  for  materials,  detail  design  of 
rectangular  reservoirs,  the  stability  against 
earth  pressure,  stability  against  water  pres- 
sure, dividing  walls  and  reinforcement  re- 
quired. 

Concrete  Sewage  Tank  Reinforced  Against 
External  Pressure. — Eng.  Rec,  Dec.  i;t,  190S. 
1    p. 

A  description  is  given  of  a  concrete  tank 
built  for  sewage,  in  which  the  sides  were 
designed  to  withstand  external  pressures 
when  the  tank  is  empty.  Plans  showing  the 
tank   are   given. 

Reinforced  Concrete  Freezing  Tanks. — By 
W.  M.  Torrence.  Eng.  News.  Dec.  10.  1908. 
%    p. 

Describes  with  general  plans  and  details 
the  design  and  construction  of  a  rectangular 
reinforced  concrete  freezing  tank.  Forms  of 
insulation  are  discussed  in  some  detail. 

Reinforced  Concrete  Pipe  with  Reinforced 
Joint. — Eng.    News,    Dec.    10.    190S.      %   p. 

Describes  construction  of  pipe  and  of  joint 
in  detail  and  illustrates  nietal  mold  for  cast- 
ing pipe.  Tests  of  pipe  are  also  described 
and  results  given. 

Effect  of  Calcium  Alumlnate  on  Various 
Lime  and  Natural  Cement  Mortars. — Eng. 
News,    Dec.    10,   1908.      %   p. 

Gives  results  of  tensile  tests  made  to  de- 
termine the  effect  of  the  addition  of  calcium 
aluminate  to  lime  and  natural  cement  mor- 
tar. The  tests  indicated  an  improvement  of 
the   mortars    due   to    the  addition. 

Lynhurst  Bridge. — By  A.  Gillies.  Can. 
Engr,.   Dec.   4,    190S.     2%  pp. 

General  description  with  drawings  of  a 
reinforced  concrete  arch  highway  bridge  of 
116  ft.  clear  span.  Wages,  prices  of  mate- 
rials  and   contract    prices   are   given. 

Standard  Designs  for  Reinforced  Concrete 
Bridges  of  the  Illinois  Highway  Commission 
with  Some  Details  of  Cost. — E'ng -(^ontr., 
Dec.    2.    190S.      1%    pp. 

Gives  drawings  of  standard  plans  and  de- 
scribes character  of  construction.  A  table 
shows  for  IS  bridges  built  after  these  de- 
signs, the  dimensions,  quantities  and  costs 
per    lineal    foot. 

Methods  and  Cost  of  Constructing  Three 
Wooden  Highway  Bridges  with  Concrete 
Abutments. — By  Charles  McKeroher.  Eng.- 
Contr..   Deo.  9,  1908.     %  p. 

The  bridges  were  of  16.4  ft.  span,  built  of 
native  (Cuban)  woods.  Itemized  costs  are 
given  of  wood  superstructure  and  also  of 
conci-ete    abutments. 

Tests  Showing  Loss  by  Solution  of  Cement 
in  Concrete  Drain  Tile. — By  .\.  O.  Anderson. 
Eng.-Contr.,    Dec.    9.    1908.      %    p. 

Describes  a  series  of  tests  made  in  con- 
crete drain  tile  to  determine  whether  ce- 
ment is  dissolved  from  such  tile  by  soaking. 
Results  of  tests  are  stated   in  tabular  form. 

Tests  of  Reinforced  Concrete  Columns. — 
Eng.   News.   Dec.  :'..  1908.      Vz   p. 

Gives  in  tabular  form  results  of  tests  of 
17  reinforced  and  2  plain  concrete  columns 
9  ins.  square  and  9M;  ft.  and  (for  the  plain 
concrete)  5  ft.  long.  Results  were  very  er- 
ratic and  give  few  data  of   value. 

Testing  of  Portland  Cement  for  Use  in  the 
Tropics. — Eng.  News.  Dec.  .3,  1908;  .^lA  pp.; 
Eng.-Contr..  Dec.  16.  1908,  1%  pp.;  Eng. 
Rec.   Dec.   .'I,   1908.  1%   pp. 

Reprint  of  parts  of  a  report  on  this  sub- 
ject made  to  the  Bureau  of  Science  at  Ma- 
nila, P.  I.  Modern  cement  specifications  are 
discussed  and  criticised  and  a  very  interest- 
ing summary  given  of  climatic  influences  on 
Portland  cement.  An  article  of  value  to  en- 
gineers In  tropical  countries. 
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CONCRETE    CONSTRUCTION 

METHODS  AND  COST 

By 
Halbert  P.  Gillette 

Af.  Am.  Soc.  C.  £.,  M.  Inst   M.E.. 
Managing  Editor,  Engineering-Contracting 

and 
Charles  S.  Hill,  C.  E., 

Associate  Editor,  Engineering-Contracting, 

'T^HIS  book  handles  the  subject  of  concrete 
construction  entirely  from  the  view-point  of 
the  builder  of  concrete  structures.  The  testing 
of  cement,  the  physical  properties  of  cemenis  and 
concrete,  and  the  design  of  concrete  structures 
are  not  considered.  The  aim  of  the  authors  has 
been  to  eliminate  all  matter  not  germane  to  the 
constructing  end  of  their  subject.  By  doing  this 
it  has  been  possible  to  crowd  a  vast  amount  of 
detailed  information  on  methods  and  cost  of  con- 
crete construction  into  a  volume  of  moderate  size. 
The  book  is  a  treatise  on  the  methods  and  cost 
of  building  in  concrete. 

"I  1  fHILE  concrete  design  is  not  considered,  no  designer  of  concrete 
*  •  can  be  a  really  good  designer  without  having  a  profound 
knowledge  of  costs  and  of  practical  methods  of  construction.  This 
book  will  be  of  interest  therefore  to  every  engineer  and  architect  who 
is  engaged  in  designing  concrete  structures.  It  should  be  of  particu- 
lar assistance,  however,  to  the  contractor  or  engineer  engaged  in  the 
actual  work  of  making  and  placing  concrete. 

THE  methods  given  are  practical  methods  and  they  are  so  given  that  the 
practical  man  can  use  them.  The  costs  given  are  actual  costs,  itemized, 
analyzed  and  reduced  to  units.  Costs  of  material,  costs  of  transporting, 
costs  of  mixing,  costs  of  placing,  costs  of  tamping,  costs  of  finishing,  costs  of 
forms,  costs  of  bending  and  placing  reinforcement,  costs  of  waterproofing,  costs 
of  superintendence,  costs  of  plant,  interest  charges,  depreciation  charges  are  all 
given,  and  to  make  these  costs  useful,  the  conditions  and  the  methods  of  doing 
the  work  are  stated  in  each  case. 

Cloth,  6x9  inches,  700  pages,  306  illustratiShs,  $5  net,  postpaid. 

The  Myron  C.  Clark  Publishing  Co. 

355  Dearborn  St.,  Chicago,  111. 
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Shop- Made  Reinforced  Pile*.— By  L,.  J. 
M.nti.li        KiiB     N.ws.    Hit.    3.    1908.      ^i    p. 

Di-scrlbca  nu'lliod  of  molding  and  drIvInK 
reinforced  concrete  piles  for  »  bulldInK 
foundation  Drawings  of  forms  and  of  cush- 
ion cap  used  In  driving  are  shown.  Men- 
tion Is  also  made  of  hollow  concrete  piles 
molded  by  the  author  for  San  Francisco 
harbor  work. 

Specifications  for  Test  Specimens  of  Con- 
crete to  be  Immersed  in  Sea  Water  by  the 
United  States  Navy  Department. — ICng.- 
Coiitr..  Dec.  30.  190S.  1 '<  pp.;  Kiig.  .Vews. 
De<'.    24.    190S.    H    p. 

The  object  of  these  tests  Is  to  determine 
what  the  action  of  sea  water  Is  upon  con- 
crete, botli  as  regards  climatic  condition  and 
chemical  action.  The  article  gives  the  spe- 
cltUadons  drawn  to  govern  the  preparation 
of  the  test  specimens,  their  location  and 
their  observance. 

Manufacture  of  Portland  Cement  from 
Materials  High  In  Magnesia.—  Dy  R.  K. 
M.adP.      rem.    .-Vge,    December.   1908.     3   pp. 

Kevlews  brletly  the  work  of  Dykerhoft 
and  of  Professors  Campbell  and  'White  on 
this  subject,  and  de.«:crlbes  and  gives  results 
of   tests    made   by    the  author 

Effect  of  Magnesia  In  Portland  Cement. — 
By  Rudolph  Dykerhoft.  Cem.  Age.  Decem- 
ber. 1908.     4  pp. 

Summarizes  results  of  investigations  made 
to  determine  what  dangers  occur  from  the 
use  of  Portland  cement  high  In  magnesia. 
Paper  concludes  that  maenesla  content 
should   not  exceed   4  per  cent. 

Manufacture,  Erection  and  Demolition  of 
Forms  for  Concrete  Work.— By  F.  W.  Wll- 
si.n.       Kng.  News.   Dec.    17.   190S.       lli  pp. 

Argues  the  economy  of  having  form  work 
done  at  mills  from  completely  worked  out 
designs:  also  outlines  rules  to  be  followed 
In  designing  so  that  forms  can  be  readily  re- 
moved. 

De  Murait  System  of  Reinforced  Concrete 
Shore   Protection.— Eng.   News,   Dec.   17.  1908. 

1    P 

Describes  briefly  this  system  of  reinforced 
concrete  revetment  or  slope  paving  which 
has  been  used  in  Holland;  shows  forms  for 
constructing  revetment  and  gives  some  de- 
tails   of   methods. 

Tests  of  the  Effect  of  Electric  Currents  on 
Concrete. — By  U.  J.  Nicholas.  Eng.  News. 
Dec.    .4.    190S.      2%    pp. 

Describes  series  of  tests  to  determine  (1> 
the  Insulating  properties  of  concrete,  and 
<2)  the  effect  of  the  current  on  the  concrete 
and  Its  steel  reinforcement.  The  tests  In- 
dicated broadly  that  electrolytic  corrosion 
of  the  Fteel  occurs  at  the  anode  and  that 
concrete  in  brine  will  crack  when  carrying 
an  electric  current  to  and  from  embedded 
steel. 

Collapsible  Forms  for  Concrete  Culverts. — 
E^ng.-Contr..    Dec.    16.   1908.      >,^    p. 

Shows  drawings  for  a  form  composed  of 
staves  strung  together  on  wires  like  a  roll- 
ing shutter  and  wrapped  around  circular 
heads  to   make  the   "bore." 

Tests  of  Adhesion  Between  Concrete  and 
Steel.— Kng -I'onlr  .    Dec.    li;.    i;i08.      %    p. 

Tests  were  made  on  %  and  %-ln.  bars 
embedded  9  Ins.  In  a  8x8xi;-ln.  concrete 
block.  Some  of  the  bars  were  clean  and 
others  rusted,  oiled  or  painted.  Results  are 
given  in  tabular  form  and  show  painting 
anil  oiling  practically  to  destroy  adhesion. 

Some  Details  of  Form  Construction  for 
the  Philadelphia  Subway.— Kng  -Contr  .  Dec. 
30.    190S.      \    p. 

Describes  machine  for  bending  reinforce- 
ment  and   K»"neral  rules  for  designing  forms. 

Construction  Details  of  Reinforced  Con- 
crete Work. — By  De  Forest  H.  Dixon.  Eng.- 
Contr..  Dec.  23.  1908.     3'4  PP- 

Points  out  the  requirements  for  safe  and 
economical  reinforced  concrete  work  of  de- 
sign.    Inspection    of    materials,     form    work. 


placing  conirete.   finishing  work,  etc    A  BOO<1 
article  of  general  advisory  character. 

Cost  of  Constructing  Concrete  Piers  for  ,i 
Highway    Bridge. — Hy    H.    A.    Young.      Eng 
Contr.       S    p. 

Describes  method  of  constructing  two 
piers  with  wing  walls  containing  at>out  130 
cu.  yds.  of  concrete  and  requiring  433  cii 
yds.  of  excavation.  Itemized  cost  of  mate- 
rials and  labor  are  given  for  both  excavn 
tion   and  concrete  work. 

Changes  in  the  German  Standard  Cement 
Sptcifications. — Eng  Rec  .  Dec.  26,  190* 
T    p. 

Tells  the  Important  part  In  the  cement 
Industry  these  specifications  have  taken. 
The  recent  changes  made  arc  listed  under 
lilfTerent  headings.  From  a  report  of  a  com- 
mittee of  the  Association  American  Cement 
Manufacturers. 

EARTH  .AND  ROCK  EXCAV.ATION. 

Improved  Ladder  Type  of  Excavator  for 
Trench  Digging. — Earth  and  Rock.  Dec.  l.>. 
190S.      2H   pp. 

Describes  construction  and  operation  of  a 
ladder  type  of  trench  excavator,  points  out 
its  economy  over  hand  lat>or  and  gives  rec- 
ords and  some  costs  of  work. 

Methods  and  Costs  of  Driving  the  Hot 
Lime  Lateral  of  the  New  House  Tunnel. — By 
Henry  M.  Adkinson.  Eng.-Contr..  Dec.  2. 
1908.      2    pp. 

Showing  the  methods  used  In  driving  a 
."x7'4-ft.  adit,  giving  monthly  records  of 
driving.  Diagram  of  the  spacing  of  the 
holes  for  blasting  is  shown  and  the  cost  of 
the  work  per  lin.  ft.  of  tunnel  and  per  cu 
yd.    is  given. 

Cost  of  a  4.000  Lbs.  Blast. — Eng.-Contr.. 
Dec.  2.  190S.     V4  P 

A  short  article  giving  the  cost  in  detail  of 
blasting  for  steam  shovel  excavation.  Gives 
the  amount  of  power  used  for  cu.  yd.  of  ma. 
terial    excavated. 

Cost  of  Operating  and  Maintaining  an 
Electric  Air  Drill  and  Some  Suggestions  as 
to  the  Advantages  of  this  Type  of  Drill  for 
Trench     Work.— Eng.-Contr..    Dec.      9.      1909. 

H   p. 

Gives  the  cost  of  drilling  for  a  month's 
work  and  the  cost  of  maintaining  the  drill 
for  10  months.  Comments  are  also  made  on 
the  adaptability  of  the  drill  to  trench  work. 

Some  Comments  on  Blasting  in  the  Cule- 
bra  Cut.  and  the  Proposed  Close  Spacing  of 
Drill  Holes  to  Prevent  Misfires. — Eng.- 
Contr..    Dec.    9.    1908.      %    p. 

Shows  in  the  article  the  increased  cost  of 
close  spacing  of  blast  holes,  and  that  this 
close  spacing  will  not  prevent  misfires,  but 
will   only  add  to   their  chance.  ", 

Records  of  Driving  Rock  Tunnels  and 
Some  Comments  on  the  High  Cost  of  the 
Elizabeth   Tunnel. — Eng.-Contr..   Ixc.   9    190S. 

1    p. 

Records  are  given  of  the  best  records 
made  in  tunnel  driving  In  Europe  and  also 
In  the  United  States,  thus  giving  the  best 
records  in  the  world.  A  table  of  cost  Is 
given  of  some  well  known  American  tun 
nels.  showing  the  cost  of  driving  the  Ellzn- 
beih   tunnel  to  be  excessive. 

Compressed  Air  at  High  Altitudes.- By  S 
B.    Redfleld.      Comp.    Air.    December.      190S. 

614  pp. 

The  author  shows  why  more  air  Is  re- 
quired, and  gives  a  simple  method  for  cal- 
culating the  power  npede<l  for  compressing 
The    arllcle   Is   Illustrated    with   diagrams. 

Some  Drilling  Records:  the  Dally  Cost  of 
Maintaining  Electric  Air  Drills,  and  the  Ad- 
vantages of  this  Drill  In  "Sticky"  Rock.— 
Eng -Contr.,    Dec.    23.    1908.     M    p. 

In  this  article  the  record  of  two  drills  Is 
given,  as  to  the  amount  of  work  done  by 
them  and  al-so  the  cost  of  keeping  them  in 
repair,  showing  the  parts  subject  to  the 
most    wt^r. 


Standard  Plans  for  Highway  Bridges 
of  Reinforced  Concroto 
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Theory  and  Design 
Reinforced  Concrete  Arches 

By  AUVIIi  HKLTF-RDAIIU  Sc.  B..  A.  M. 

Cfttef  of  BridQf  l>rpartmrrU,   KnQintrring  Depart' 

maU,  Cuy  of  Spokaru,  Wa*h. 
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Books  on  Concrete 

THE  MYRON  C.  CLARK  PUBLISHING  CO. 

.\LL   PRICES  NET   POSTP.\IU 

REI!> — "Concrete  and  Reinforced 
Concrete  Construction."  .A 
tre.itise  of  itt)6  pa>;es  and  71.i 
illustrations,  70  tables $5.00 

GILLETTE  and  HILL— "Con- 
crete Construction^.McthoJs 
and  Cost."  A  book  primarily 
li>r  the  concrete  contractor. 
7li()  pages,  ,'5lU'i  illustr.iti.ms    .      .^.00 

FALK — "Cements,  .Mortars  and 
Concretes  —  Their  Physical 
Properties."  .\  l'<>ok  lull  of 
il.il.i  oi  tests  of  cements,  mor- 
tars and  concretes.    181  pages.   2.50 

TAYLOR  —  •'Practical  Cement 
Testing."  .\  bo<:)k  for  the  en- 
jjineer  in  the  testing  laboratory 
330  pages,   142  illustrations.  .      .VOO 

RFrTERPAHL  — "Theory  and 
Design  of  Reinforced  Concrete 
Arches."  .\  l'i>ok  lor  concrete 
engineers  and  engineering 
students.      132  pages 2.00 

i\/cCr/./-Or67/— "Reinforced 
Concrete."  .\  nanua!  of  de- 
sign and  construction  for  both 
concrete  ei-gineers  and  con- 
tractors.     13op;iges  I. SO 

//t7/'/r.\7\'K/f/7— "Engineers- 
Pockctbook  of  Reinforced 
Concrete."  A  book  to  faciliUite 
tlie  cilculation  and  design  of 
all  kinds  of  concrete  structures 
301  pagL-s.  Flexible  leather  3.00 
IN  PHEPAHATIOM-Moorl>  Reod> 

/>()/1(r/-.-  "diagrams     for      Designing 
Reinforced   Concrete  Structures." 

THE  MYRON  C.  CLARK  PUBLISHING  CO. 

3.i.'>  Dea.-born  Street.  Chicago,  111. 
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Cost  of  Cold  Springs  Reservoir,  Umatilia 
Irrigation  Project,  U.  S.  Reclamation  Serv- 
ice.—Eng.-Contr.,    Dec.    16,    1908.      %   p. 

The  cost  of  the  excavation  work  done  on 
this  project  is  given  in  a  table  showing  the 
various  details  of  the  cost. 

Methods  and  Costs  of  Driving  a  Tunnel 
with  Hand  Steel  Holes.— Eng.-Contr..  Dec. 
16,    1908.      %   p. 

The  method  of  placing  holes,  blasting  and 
renicking  in  a  6x7  mining  tunnel  is  given  in 
detail,  showing  the  cost  per  cu.  yd.  and 
also   per  lin.   ft.   of  tunnel. 

Methods  and  Cost  of  Subaqueous  Rock 
Excavation  Using  a  Lobnitz  Rock  Breaker 
at  BIyth  Harbor,  England. — Eng.-Contr.. 
Dec.    23.    1908.      2Vk    PP. 

The  methods  of  operation  are  described 
at  some  length,  and  the  cost  of  doing  the 
work  in  some  detail  is  given.  Extracted 
from  a  paper  before  the  Institute  of  Civil 
Engineers. 

Handling  Crushed  Rock  on  San  Francisco 
Bay. — By  F.  K.  Blue,  Eng.  &  Min.  Jl..  Dec. 
12,    1908.     2%    pp. 

Describes  the  method  of  quarrying,  crush- 
ing and  handling  rock  by  the  San  Patio 
Quarry  Co.,  at  San  Francisco.  Belt  con- 
veyors and  bucket  elevators  convey  the 
crushed  stone  to  and  from  the  bins  and  load 
and  discharge  the  liopper  barges  used  for 
transportation.  This  self-discharging  barge 
is  a  unique  feature. 

The  Gatun  Dam  of  the  Panama  Canal. — 
Eng.  Rec.   Dec.   26,  1908.     2%  PP 

Describes  and  illustrates  the  proposed 
dam  at  Gatun  and  shows  the  record  of 
borings  and  tests  made  at  the  dam  site. 
Also  tells  of  experiments  made  to  test  the 
materials  that  are  available  for  embank- 
ment work  in  connection  with  the  dam. 
The  whole  article  is  intended  to  show  that 
the   Gatun    dam   is   feasible. 

Hand  Drill  in  Prospecting  Placer  Depos- 
its.—By  John  P.  Hutchins.  Eng.  &  Min. 
Jl.,   Dec.   12,  1908.      iV2  PP. 

The  writer  describes  the  methods  of 
drilling;  driving  rotation  and  pulling  of  cas- 
ing; the  taking  of  cores;  and  the  speed  Of 
drilling.  Comments  on  the  advantages  and 
disadvantages  of  hand  drilling  as  compared 
with  steam  drilling  for  prospecting  are 
made. 

Comments  on  Handling  Earth  with  Wheel- 
barrows.—Eng.-Contr..  Dec.   30,   1908.     1   p. 

Comments  are  made  on  the  methods  of 
using  wheelbarrows  on  the  style  and  kind 
of  barrow  to  use,  the,  need  of  new  ways  to 
track  the  barrow  upon,  the  capacity  of  the 
barrow,  and  on  the  length  of  haul  that  is 
economic. 

SURVEYING  AND  DR.AFTINQ. 

Blue  Print  Holders.— By  I.  P.  Smith. 
Wood  Craft,  December.  1908.      1%  pp. 

Shows  dimensioned  drawing  and  describes 
construction  of  frame  for  holding  the  prints 
when    printing. 

Cost  of  Reconnaissance  Survey  for  Rail- 
way Location  in  Alaska  in  Winter. — By 
Fred.  Lewis.  E'ng.-Contr..  Dec.  9,  1908. 
1%    p. 

Describes  character  and  conditions  of 
work,  gives  wages,  party  organization,  list 
of  rations  allowed,  and  cost  of  surveys. 
Some  comments  on  methods,  wages,  etc., 
are  made  by  the  author. 

The  Rectangular  System  of  Surveying. — 
By  W.  A.  Truesdell.  Jl.  Assoc.  Eng.  Soc, 
November,    1908.       23    pp. 

Gives  historically  the  origin  and  develop- 
ment of  the  rectangular  system  of  survey- 
ing, citing  the  various  laws  and  describing 
the  work  of  the  various  men  who  worked  to 
develop  the  system. 
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2f  in.  Thick;  Cloth;  517  8x11  in.  Pages;  $10.00  Net. 
41  Tables;  560  Illustrations;  63  Plates. 

CRANES 

Their  Construction,  Mechanical  Equipment  and  Working 

By  ANTON   BOTTCHER 

Translated  and  Supplemented  with  American,  English  and  Continental  Practice 

By  A.  TOLHAUSEN,   C.  E. 

GENERAL  CONTENTS— First  Principles  or  Fundamental  Formulas 
Used  in  Crane  Building  Practice;  Statics,  Dynamics,  Elasticity 
and  Strength.  General  Arrangement  of  Cranes;  Traveling,  Rota- 
tory, Sheer  Legs  or  Mast  Cranes,  Special  Crane  Accessories. 
Crane  Driving  Principles;  Hand,  Shaft,  Steam,  Hydraulic, 
Electrical.  Crane  Parts  or  Accessories.  The  Design  and  Calcu- 
tion  of  Crane  Girders;  Full  Plate,  Lattice.  Descriptions  and 
Calculations  of  Various  German,  American  and  British  Crane 
Installations.  Fourteen  Specifications  of  Various  Crane  Types. 
Supplementary  Tables.  An  Index  to  the  Articles  and  Papers 
Published  on  Cranes. 

A  Review  of  the  Whole   of  Crane  Building 

D.  VAN  NOSTRAND  COMPANY 

23  Murray  and  27  Warren  Streets,  NEW  YORK 


JUST    PUBLISHED 

WATER  POWER  ENGINEERING 

By  DANIEL  W.  MEAD, 

Professor  of  Hydraulic  and  Sanitary  Engineering.  University  of  Wisconsin. 


Chapter  I. — Introduction.  The  History  of 
Water  Power  Development.  II. — Power.  III. — 
Hydraulics.  IV. — Water  Power.  Study  of  the 
Power  of  a  Stream  as  Affected  by  Flow.  V. — 
Water  Power  (continued).  Study  of  the  Power 
of  a  Stream  as  Affected  by  Head?  VI. — Rainfall. 
VII.— The  Disposal  of  the  Rainfall.  VIII.— 
Run-off.  IX. — Run-off  (continued).  X. — Stream 
Flow.  XI. — The  Measurement  ot  Stream  Flow. 
XII. — Water  Wheels.  XIII.— Tiirbine  Details 
and  Appurtenances.  XIV. — Hydraulics  of  the 
Turbine.     XV.— Turbine  Testing.     XVI.— Selec- 


tion of  the  Turbine.  XVII.— Load  Curve  and 
Load  Factor,  and  The'r  Influence  on  the  Design 
of  the  Power  Plant,  XVIII. — Speed  Regulation 
ot  Turbine  Water  Wheels.  XIX. — The  Water 
Wheel  Governor.  XX. — Arrangement  of  the 
Reaction  Wheel.  XXI. — Selection  of  Machinery 
and  Design  of  Plant.  XXII. — Examples  of 
Water  Power  Plants.  XXIII. — The  Relation  of 
Dam  and  Power  Station.  XXIV. — -Principles  of 
Construction  of  Dams.  XXV. — Appendages  to 
Dams.  XXVI.— Pondage  and  Storage.  XXVII.— 
Cost  Value  and  Sale  of  Power.  XXVIII.— The 
Investigation  of  Water  Power  Projects. 


700  Pages. 


413  Illustrations. 


Send  for  8-page  Circular. 


Net,  $6.00. 
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Reinforced  Concrete 

A  Manual  of  Practice 

By  ERNEST  McCULLOUGH.  C.  E. 
'T^HIS  book    was  written    for  the  practical 
■^     concrete  worker — the  man  on  the  job — 
who  has  not  the  requirements  of  statics  and 
the    theories   of    the    mathematician    at   his 
tongue's  tip  but  who  desires  in  plain  words 
the  fundamentals  of  correct  design  and  the 
practice  of  sound   and  economical  construc- 
tion work. 
Cloth  5x7^  inches;  136  pages;  illustrated; 
price  $1.50  net,  postpaid. 

The  Myron  C.  Clark  Publishing  Co. 

355  Dearborn  Street.  CHICAGO.  ILL. 
13-21  Park  Row,  NEW  YORK 


RAILROAD    LOCATION 

A  College  Text  Book 

No  roiirso  in  civil  eneineerlns  is  complete  without 
:i  itioriiuizli  course  in  railroad  location,  for  the 
mcth.Kis  used  (.n  railroad  surveys  are  applicable  to 
hicliway  surveys,  canal  surveys,  etc.  A  hook  that 
is  admirably  adapted  for  use  as  a  text-book,  or  as  a 
supplement  to  lectures,  is  Railroad  Location 
Surveys  and  Estimates,  by  F.  Lavis.  M.  Am.  Soc. 
C.  E.  It  has  been  adopted  by  several  eneineerint; 
colleges,  and  is  generally  conceded  to  be  the  clear- 
est exposition  of  modern  field  methods  yet  pub- 
lished. It  is  written  by  an  engineer  or  wide 
experience  in  railroad  work. 

Cloth.  6x9  inches;   270  pages;  73 -r-ustrations;   10 
folding  plates;  price  $3.00  net,  postpaid. 

The   Myron  C.  Clark   Publishing  Co. 

355  Dearborn  Street.  CHICAGO.  ILL. 
13-21  Park  Row,  NEW  YORK 
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COST    KKKPINQ  AM)  MANAUEMUNT. 

Gyatem  of  Cost  and  Time  Keeping  In  Uie 
at  the  Columbui,  O.,  Municipal  Electric 
Lighting  Plant.  Ily  ci.  II.  Caiiiix-r.  Kiik- 
Vvws.    Ufc     3.    190S.       %,    p. 

Doacrllii's  In  sonic  detail  tin'  Hystein  of 
i-oBt  kefplnK  employ***!,  the  forniN.  etc..  used 
and    the    various    methods    of    fullowlnR    up 

•  IfLall.s    that    are    ub«h1    at    the    plant    named. 
\    (food    Keneral   article    for    *'nKln*H'rs    Inter- 

•  ■st**d    In    cost    k*-*-plMK    m*'lho»lM. 

.M1SCKLI.ANEOUS. 

Large  Material  Handling  Plant  for  U.  S. 
Government  Lock  Work.  ICiirlh  *t  Uock. 
I«.>c.    1.    1908.       1    p 

Describes  hoisting  bridge  cranes  which 
.spanned  the  lock  work  and  linndled  all  ma- 
ti-rlal.  both  for  oxcavnllon  iiiul  con*Tete 
work. 

Methods  and  Costs  of  Making  Wash  Bor- 
ings on  a  Ship  Canal  Survey.— By  A.  W. 
."launders.       Kng. -Contr..   Dec.   9.   1908.       2  pp. 

Describes  two  types  of  plants  and  method 
of  operating  them  for  making  wash  drill 
borings  on  a  survey  across  New  York  state 
for  a  ship  canal.  Forms  for  recording  work 
and  keeping  costs  are  shown  and  general 
and  also  Itemized  comparative  costs  of  n^ak- 
ing    borings    are    given. 

Care  In  Using  Dynamite  on  the  Isthmian 
Canal  Work.— Kng.  News.  Dec.  3.  190S.  H 
pp.       Eng.-Contr..    Dec.    9.    1908.       %    p. 

Report  of  decisions  arrived  at  by  engi- 
neers, steam  shovel  men  and  powder  men 
emplo.ved  on  the  Panama  canal  work  as  to 
precautions  to  be  taken  In  using  dynamite 
i<>  reduce  accidents. 

Underground  Insulation  of  Steam  and  Hot 
Water  Pipes.— By  Harry  Gillette.  Eng.- 
I'.nitr..    Dec.   9.    1908.       \    p. 

Points  out  reasons  for  Insulation  and  re- 
fers to  pipe  tunnels,  their  cost  and  disad- 
vantages. Vitrified  Sectional  Conduit  is 
then  described  and  Its  advantages  ex- 
plained. 

Field  for  Office  Engineers.  — By  D.  R, 
Cooper.       Eng.-Contr..  Dec.    16,   1908.     IH   pp. 

Points  out  necessity  for  the  office  engi- 
neer and  the  qualities  required  of  suc'.i  en- 
gineers; outlines  their  duties  and  considers 
their    prospects. 

License  Laws  for  Engineers  and  Survey- 
ors.—Eng  -Contr..    Dec.   2.'!.   1908.       1'4    pp. 

Editorial  arguing  the  impracticability  of 
securing  legislation  of  restrictive  character 
which  will  do  away  with  Incompetent  and 
dishonest    practitioners    of    engineering. 

Plea  for  the  Business  Training  of  the  En- 
gineer.— By  R.  A.  Ross.  Eng.-Contr..  Dec. 
30.    190S.       H4   pp. 

Argues  the  necessity  of  business  training 
for  englni^ers  and  statfs  why  engineers 
should    <i<'V*-iop   goo*]    busirifss    capacities. 

The  Operation  of  Passenger  Elevators. — 
By  R.  P.  Bolton.  Proc.  Am.  Soc.  C.  E..  De- 
comber,    1908.       11    pp. 

Shows  the  Importance  of  this  subject,  es- 
pi'cialiy  In  New  York.  I^ikens  the  operat- 
ing to  train  service.  Consldeis  and  com- 
ments on  the  speed  and  functions  of  pas- 
sengiT  clevalors.  Illustrated  with  dia- 
gr,'iins. 

Acetylene  Town  Plants.— By  Alton  D.  Ad- 
ams.   Mun    Jl.  &    Eng..  Dec.  2.  1908.     IVipp. 

Oivps  figures  on  the  use  of  acetylene  gas 
plants  for  llghtinf^  small    towns 

The  Municipal  Engineer:  His  Duties  and 
Responslbllltlet.— By  K.  J.  Edgcr.  Surveyor, 
Nn\     jn.   mos.     2  pp. 

presidential  address  delivered  before  the 
Ncwcastle-TTpon-Tyne  Association  of  Stu- 
dents of  the  Institution  of  Civil  Engineers. 

Modern  House  Drainage.  —  By  John  Law- 
rence.    Surveyor.   Nov.  20.   1908.     2^4  pp. 

A  paper  read  before  the  Institute  of  Sani- 
tary Engineers.  It  contains  a  number  of 
suggestions  for  improvements  to  house 
<lralnage   systems. 


Some  Wrinkle*  on  Repairing  Railway 
Picks.  Hy  T.  C  Barley  Uy.  &  Mar  WId. 
December,  190S.  4  p.;  Earth  A  Kock,  Dec. 
15.    190S.        ^4    p. 

Shows  various  nietbods  iif  weUIIng  meel 
points  iin  picks  and  discusses  lelativ*'  mer- 
its. 

Refuse  Destruction  In  Richmond  Borough. 
New  York  City.— Mun.  Eng.  Mag..  Decem- 
ber,   1908.      6   pp. 

•  leneral  article  describing  the  refuse  de- 
struction plant  at  West  New  Brighton. 
Richmond  Borough.   New  York  City. 

BOOK  REVIEIVVS. 

Masonry  and  Reinforced  Concrete — A 
Working  Manual  of  .Approved  American 
Practice  in  the  Sileellon,  Testing  and  Struc- 
tural Use  of  Building  Stone.  Brick,  Cement, 
and  Other  Masonry  Materials,  with  Com- 
plete Instruction  In  the  Various  Modern 
Structural  Applications  of  Concrete  and  Con- 
crete Steel. — By  Walter  Loring  Webb  and 
W.  Herbert  Gibson.  Chicago.  111.,  American 
School  of  Correspondence.  Half  leather,  6V4 
x914   Ins.:   pp.  444;   Illustrated:  »3. 

This  volume  Is  a  text  book  of  the  corre- 
spondence school  class.  In  its  class  It  is  de- 
serving of  praise,  being  both  reliable  and 
Instructive.  The  trained  engineer  will  tlnd 
nothing  with  which  he  is  not  already  fa- 
miliar and  he  will  not  find  much  that  the 
standard  treaties  already  published  give 
him.  The  portion  on  masonry  other  than 
concrete  is  very  meager,  so  meager  in  fact 
that  its  inclusion  can  be  understood  only  on 
the  reasoning  that  many  of  the  procedures 
for  designing  walls,  footings,  piers,  caissons, 
etc..  apply  equally  to  concrete  and  to  stone 
and  brick  masonry  and  so  the  latter  were 
Included  with  some  elementary  data  on 
brick  and  building  stone  and  stone  cutting 
to  round  out  the  titular  scope  of  the  book. 

The  book  is  divided  into  three  parts:  (1) 
Masonry  and  Concreting  Materials:  (2) 
Stone  Masonry  and  Plain  Concrete  Construc- 
tion: (3)  Reinforced  Concrete.  The  concrete 
matter  in  the  book  is  good;  it  Is  not  exhaus- 
tive or  complete,  but  so  far  as  a  general  ex- 
amination discloses  It  is  up-to-date  and  re- 
liable, and  this  is  all  that  need  be  asked  per- 
haps in  a  book  for  students  and  beginners. 
These  and  particularly  the  home  student  will 
find  the  book  a  good  preparation  for  the 
more  comprehensive  and  critical  study  of 
concrete  design  and  construction. 

A  Review  of  the  Fifth  Report  of  the  Royal 
Commission  on  Sewage  Disposal,  1908. — By 
T.  Aird  Murray.  Toronto,  Ont.  The  Cana- 
dian Engineer.     Paper  6x9  ins.;  pp.  26. 

Sanitary  engineers  not  possessing  the 
"Blue  Book"  containing  the  full  report  and 
also  those  not  having  the  time  or  occasion 
to  wade  through  its  23.'*  pages  of  discussion 
will  find  this  review  by  Mr.  Murray,  re- 
printed from  the  "Canadian  Engineer."  the 
next  best  source  of  Information  on  the  work 
done.  Short  as  the  review  Is.  its  author  has 
succeeded  in  epitomizing  the  report  In  a 
clear  and  comprehensive  manner. 

The  American  Practice  of  Gas  Piping  and 
Gas  Lighting  In  Buildings.  — By  Mr  Paul 
(ierhaid.  M.  Am.  Soc.  M.  E.  New  York; 
McGraw  Publishing  Co.  Cloth  6x9  Ins.;  pp. 
306;  $3. 

This  book  is  first  an  argument  for  the 
utility  and  value  of  gas  for  Illumination 
and  other  household  purposes  and  second  a 
manual  of  advice  and  instruction  In  the  use 
of  gas  for  residence  lighting,  cooking,  etc. 
It  Is  essentially  a  book  for  the  gas  consum- 
er hut  It  will  be  found  useful  to  hulldeni. 
architi'cts  and  others  for  It  gives  Informa- 
tion on  piping,  fixtures,  burners,  globes,  lo- 
i-atlon  of  lights,  which  If  it  were  more  often 
possessed  would  n-sult  In  fewer  poorly  light- 
ed houses  and  less  prejudice  against  gas  and 
gas  companies.  Indeed  gas  companies 
should  feel  ohilgiited  to  Mr.  Gerhard  for  the 
exci'llent    light    in    which    he   has  ploced    not 


only  their  pr*Mluct  but  their  practice  In  mar- 
kpllng  It.  There  are  27  chapters  In  the 
book  Including  wluit  ban  every  evidence  of 
being  a  very  complete  blltllogmphy  on  gas 
lighting  and  there  Is  not  one  which  cannot 
b*-  r*-aj  with  Interest  anil  profit  by  gaa 
users.  The  Ixxik  is  not  a  ti't-hnlrai  tr**atlse 
though  Its  statements  are  based  on  full 
technical  knowl<-dKe  of  the  subject;  It  due* 
not  discuss  technically  the  manufacture  of 
gas.  or  explain  the  Intricacies  of  gas  fltiinc 
or  consider  power  generation.  It  is  a  trea- 
tise for  the  layman  who  burns  gas  and  kicks 
about  Ills  meter  n-adings  once  a  month. 

Water  Power  Engineering.— The  Theory, 
Inv*-stlgatlon  and  Development  of  Water 
Powers.  — By  Danl*'l  W.  M<ad,  M.  Am.  Soc. 
C.  E.  New  York:  McGraw  Publishing  Co. 
Cloth.  6x9  Ins.:  pp.   "87;   Illustrated;  16 

This  book  Is  distinctive  for  Its  discussion 
of  stream  flow  and  Its  chapters  on  the  evolu- 
tion of  the  water  wheel  and  speed  regulation 
and  governors.  Professor  Mead  starts  with 
the  thesis  that  good  engineering  In  water 
power  development  Involves  the  Investiga- 
tion of  stream  flow  and  head  In  quite  as 
much  detail  as  the  design  and  construction 
of  plant  is  worked  out  and  he  makes  the 
statement  that  the  majority  of  failures  In 
water  power  development  have  occurred 
from  causes  other  than  structural  defects. 
The  full  discussion  of  run-off,  rain  fall,  topo- 
graphical and  geographical  conditions,  flood 
flow,  head,  storage  and  pondage,  probable 
loads  on  the  pump,  etc..  naturally  follow.  In 
no  other  book  that  we  know  of  are  these 
subjects  so  fully  and  so  carefully  considered. 
Practically  all  of  Chapters  IV  to  XI,  In- 
clusive, comprising  some  ISO  pages,  are  de- 
voted to  presenting  the  studies  necessary  to 
determine  the  supply  of  water  power  avail- 
able. Pondage  and  storage  are  more  briefly- 
discussed,  only  one  chapter  of  23  pages  be- 
ing devoted  to  this.  In  certain  sections,  very 
Important   problem. 

Water  wheels  and  turbines  are  discussed 
in  Chapters  XII  to  XVI.  Inclusive.  In 
Chapter  XII.  under  the  caption  of  Water 
Wheels,  the  author  describes  the  evolution 
of  the  water  wheel  much  more  fully  than  we 
recall  having  seen  It  described  elsewhere. 
This  chapter,  taken  In  connection  with  the 
historical  account  of  water  wheels  In  Cliap- 
ter  I.,  covers  the  evolution  phase  of  the  sub- 
ject. Chapters  XIII  to  XVI.  discuss  tur- 
bine details,  hydraulics  of  the  turbine,  tur- 
bine testing  and  the  selection  of  the  tur- 
bine. Speed  regulation  of  turbine  water 
wheels  and  the  water  wheel  governor  are 
each  given  a  chapter,  then  come  chapters  on 
selection  of  machinery  and  design  of  plant, 
examples  of  water  power  plants,  relation  of 
liam  and  power  station,  principles  of  con- 
struction of  dams,  appendages  to  dams  and 
cost  value  and  sale  of  power.  Professor 
Mead  has  gone  very  thoroughly  Into  his  sub- 
ject and  hos  produced  a  book  which  Is  ot 
distinctive  merit   In  Its  field. 

Notes  on  Hydro- Electric  Developments. — 
By  Preston  Plavi'r.  New  York  McGniw 
Publishing  Co.  Cloth;  4>ix7H  Ins..  pp.  68: 
illustrated;  II   net. 

This  little  manual  hos  been  written  for  the 
Instruction  of  those  who  finance  hydro-elcc- 
trlc  power  developments.  It  tells  In  un- 
technlral  language  what  Informal  l*in  the 
banker,  capitalist  or  Investor  should  obtain 
before  putting  his  money  into  any  enterprise 
and  explains  the  manner  of  correctly  Inter- 
preting this  Information.  This  brief  tr*>ot- 
ment  of  the  subject  from  the  commerclof 
side  has  uniloubte<l  value  for  the  class  of 
readers  to  which  It  Is  addressed  and  not  a 
few  engineers  would  be  the  better  engineers 
and  promoters  of  hydro-electric  enterprlseit 
because  of  Its  reading. 

Electrical  Illuminating  Engineering.— Br 
V*'llllam  Kdwnnl  Barrows,  Jr  ,  Assistant 
Professor  of  Electrical  Engineering.  Armour 
Institute    of   Technology.      New    York:      Mc- 
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Graw    Publishing    Co.      Clotli;    fix9    ins.;    pp. 
216;  illustrated;  $2. 

Professor  Barrows  has  produced  an  excel- 
lent text  book  on  illuminating  engineering- 
it  is  not  an   exhaustive  treatise.     Beginning 
with    a    presentation    of    the    phenomena    of 
light  and   color  and  the  author  gives  tables 
of   the  amount   of  light   reflected   from   sur- 
faces of  various  coloi-s.  amount  of  light  ab- 
sorbed  by  globes,   the  candle  power  intensi- 
ties of  the  common    sources   of  light,    inten- 
sities of  light   required   for   various   services, 
colors    of    different    kinds   of   lights    and    the 
effect    of    colored    lights    on    various    colors. 
A  short  chapter  of  definitions  of  the  common 
units  of  illumination  follows,  and  in  the  two 
succeeding   chapters   photometry   and   photo- 
meters   are    discussed.     Chapter    III    explains 
the  principles  of  photometric  determination 
of   illumination      intensities,      and    illustrates 
and  explains  concisely  the  va'rinus  kinds  and 
forms  of  photometeis.     Illustrations  are  giv- 
en   of  most   of   these  devices.     In  Chapter  III 
spherical    photometry    and    integrating    pho- 
tometers are  considered.    The  Rousseau  di^,- 
gram  and  Dr.  Kennelly's  graphical  construc- 
tion  for   determining  spherical   candle  power 
are    illustrated    and    explained.      The    mirror 
photometer,  the  Leonard  photometer  and  Ul- 
lirich's    spherical    photometer    are    also    de- 
scribed   in    Chapter    IV.      Chapter    V    defines 
an,d  describes  the  standards  of   illuminating 
power  and  analyses  the  value  and  exactness 
■of    each.      In    Chapters    VI    to    IX.    inclusive, 
the   author   discu.sses    in    order    incandescent 
lamps,    arc    lamps,    flaming    arc    lamps    and 
vapor  lamps.      Each   kind   of  all    these   types 
flf  lamps  is  briefly  described  as  to  construc- 
tion and  operation  and  its  life,  candle  power, 
efficiency,    power    consumption,     best    condi- 
tions   of    operation,    adaptability,     etc.,    are 
stated   and    analyzed.      These   chapters    form 
a  remarkably  concise  and  clear  summary  of 
the  latest   information    and    knowledge   con- 
cerning modern   electric   lamps.     In  Chapter 
X    the    author    explains    and    illustrates    the 
comparative   values   and    effects    on    electric 
lamps   of   various   common   forms   of   shades 
and  reflectors.     In  Chapter  XI  are  given  the 
methods  of  determining  the  necessary  value 
of  the  candle  power  of  a  primary  source  of 
light   in    order   to    obtain   the   desired    illumi- 
nation   intensity,   and   the  calculation    of   the 
illumination    when    the    distribution    of    light 
from    the    source    is    known.      An    appendix 
gives  the  current  carrying  capacities  of  vari- 
ous sizes  of  copper  wire. 

Coal. — Part  I.  Coals  of  the  Monongahela 
Formation  or  Upper  Productive  Coal 
Measures.  Part  II,  Chemical  Analysis  and 
Calorific  Tests  of  the  Clarion,  Lower  Kit- 
tanning,  Middle  Kittanning  and  Upper  Free- 
port  Coals.  Geology  by  J.  A.  Bownocker, 
chemistry  by  N.  W.  Lord  and  E.  E.  Somer- 
meier,  Geological  Survey  of  Ohio.  Colum- 
bus, O.  Cloth;  6x9  ins.;  pp.  342;  illustrated. 
This  volume  on  the  Ohio  coals  is  an  excel- 
lent example  of  the  work  being  done  by  our 
state  bureaus  in  the  study  of  natural  re- 
sources. It  consists  of  two  parts.  Part  One 
is  a  discussion  of  the  important  seams  of 
the  Monongahela  Formation  or  Upper  Pro- 
ductive Coal  Measures.  These  seams,  it  is 
stated,  have  previously  been  in  part  de- 
scribed, but  since  the  reports  have  long 
been  out  of  print,  it  seemed  best  to  review 
the  entire  field.  Accompanying  the  discus- 
sion will  be  found  the  chemical  analyses 
and  calorific  tests  made  by  Professors  Lord 
and  Somermeier.  The  tests  made  of  the 
Pittsburg  and  Pomeroy  seams  with  refer- 
ence to  their  use  in  coking  should  be  read 
with  profit.  Another  feature  of  this  part 
of  the  report  is  the  new  assignment  made 
the  Pomeroy  seam.  Heretofore  that  has  al- 
ways been  regarded  as  the  Pittsburg,  but 
recent  studies  have  demonstrated  that  the 
■coal  in  question  lies  above  the  Pittsburg 
seam  and  is  the  equivalent  of  the  Redstone 
.if  Pennsylvania  and  West  Virginia.     Credit 


for   this    determination    belongs   very    largely 
to  Mr.   D.  D.   Condit. 

Part  Two  consists  of  analyses  and  calorific 
tests  of  four  seams  of  the  Allegheny  Forma- 
tion or  Lower  Productive  Coal  Measures. 
These  are  the  Clarion,  Lower  Kittanning, 
Middle  Kittanning  and  LTpper  Freeport  coals. 
Accompanying  the  results  will  be  found  sec- 
tions showing  the  thickness  and  structure 
of  the  seam  where  sampled.  In  the  chapter 
by  Professor  Lord,  "Interpretation  of  the 
Chemical  and  Physical  Tests  on  Coal,"  the 
value  of  coal  as  shown  by  its  chemical 
analysis  and  the  effects  of  the  different  con- 
stituents upon  its  fuel  value  are  discussed 
in  some  detail,  as  are  also  the  total  and 
available  heating  values  of  coals. 

The  analytical  results  on  the  different 
samples  are  given  in  tabular  form  near  the 
end  of  the  chapter,  the  composition  of  the 
several  seams  compared  and  the  variations 
of  the  seam  in  different  portions  of  the  state 
shown  and  discussed.  The  latter  portion  of 
the  chapter  deals  with  the  improvement  of 
coal  by  washing  and  gives  the  result  of  a 
number  of  tests. 

The  last  chapter  is  by  Professor  Somer- 
meier and  discusses  methods  of  coal  sam- 
pling and  also  of  making  analyses  and  cal- 
orific tests.  The  discussion  of  analytical  and 
calorific  processes  will  prove  instructive  to 
persons  interested  in  such  lines. 

The  bulletin  can  be  secured  at  the  cost  of 
publication,  a  nominal  sum,  by  addressing 
the   Survey. 

Fluorspar  Deposits  in  Kentucky.— With 
Notes  on  the  Production,  Mining  and  Tech- 
nology of  the  Mineral  in  the  United  States; 
Also  Some  Data  Concerning  Barite  Deposits. 
— By  F.  Julius  Fobs.  Kentucky  Geological 
Survey,  Lexington,  Ky.  Cloth;  7x10  ins.;  pp. 
296;   illustrated. 

This  excellent  report  not  only  gives  very 
complete  data  on  the  geology  and  occurrence 
of  fluorspar  in  Kentucky,  but  it  forms  a 
valuable  treatise  on  fluorspar  mining,  mill- 
ing, analysis  and  technology  generally.  The 
chapter  titles  are:  Production  of  Fluorspar; 
Progress  of  the  Fluorspar  Industry  in  1905- 
6;  Fluorspar  and  its  Occurrence;  Prospecting 
and  Mining  Methods;  Milling  Methods;  Uses 
and  Technology  of  Fluorspar;  Methods  of 
Analysis  of  Fluorin  Compounds,  and  List  of 
Mills,  Mines  and  Operators.  There  are 
numerous  tables  and  illustrations  of  mine 
workings,  mills  and  milling  and  mining  ma- 
chinery. The  Kentucky  Survey  deserves 
high   praise  for  this  study  of  fluorspar. 

Proceedings  of  the  Municipal  Engineers  of 
New  York  for  1907. — Max  L.  Blum.  Editor. 
Published  by  the  Society,  29  West  39th 
street.  New  York:     Cloth;  6x9  ins.;  pp.  234. 

This  volume  of  the  proceedings  contains 
besides  the  business  proceedings  of  the  so- 
ciety the  text  and  discussions  of  the  follow- 
ing eight  papers  read  during  the  year:  Con- 
struction Details  of  Reinforced  Concrete 
Work,  by  De  Forest  H.  Dixon,  Secretary  of 
Turner  Construction  Co.;  The  Geology  of 
Lond  Island  and  Its  Practical  Relation  to 
Underground  Water  Supplies,  by  Alexander 
Simpson  Farmer,  Assistant  Engineer,  Aque- 
duct Commissioners;  Some  Notes  on  Munici- 
pal Cleaning  and  Refuse  Destruction,  by 
John  Turney  Fetherston,  Superintendent  of 
Street  Cleaning,  Boro  of  Richmond;  The  Re- 
lation of  Sanitary  Science  to  Municipal  En- 
gineering, by  George  A.  Soper,  Ph.  D..  Con- 
sulting Sanitary  Expert,  Public  Service 
Commission;  Traverse  Work  in  Connection 
With  the  Triangulation  of  the  Bronx  Boro, 
by  Edward  H.  Holden,  Assistant  Engineer 
in  Charge  of  Surveys  and  Monumenting, 
Topographical  Bureau,  Borough  of  the 
Bronx;  The  Desirability  of  Centralized  Engi- 
neering Control  for  New  York  City,  by  M. 
N.  Baker;  The  Southern  Extension  of  New 
York  City,  by  Herman  Arnold  Ruge;  The 
Designing,  Making  and  Testing  of  a  Tele- 
scope, by  F.  Kollmorgen.  Optical  Expert  for 
the  Keuffel  &  Esser  Co. 


Catalogs  Worth  Having. 

Engineers  and  contractors  should  have 
on  file  the  latest  catalogs  of  machines, 
tools  and  supplies  that  they  use.  In  sending 
for  catalogs  reviewed  or  advertised  in 
this  paper,  you  will  confer  a  favor  on  us 
if  you  will  write  direct  to  the  advertisers 
and  state  that  you  saw  the  catalog  men- 
tioned in  Engineering-Contracting.  If 
you  are  in  the  market  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  notify 
promptly  the  leading  manufacturers. 

No.  1035.  Concrete  Mixer. — Chain  Belt  Co., 
Milwaukee,  Wis. 

This  pamphlet  illustrates  and  describes  and 
presents  the  advantages  claimed  for  this 
new  type  of  non-tilting  concrete  mixer.  Ta- 
bles of  sizes  and  capacities  are  given  and 
some  data  on  costs. 

No.  1036.  TIsco  Steels.— Taylor  Iron  & 
Steel   Co.,  High    Bridge,   N.   J. 

This  handsome  pamphlet  of  48  pages  de- 
scribes the  qualities  of  "tisco"  manganese 
steel  and  points  out  the  advantages  of  its 
use  for  castings  for  stone  crusher  parts, 
gears  and  pinions,  sprockets,  sheaves,  car 
wheels,  screens,  chains,  etc.  Tables  of  sizes 
and  other  catalog  data  are  given. 

No.  1037.  Concrete  Machinery. — Besser 
Mfg.    Co.,    Alpena.    Mich. 

This  is  a  useful  catalog  for  cement  users. 
It  describes  and  illustrates  a  large  line  of 
block-making  machinery,  special  molds,  con- 
crete mixers.  Some  16  pages  of  instructions 
are  given  for  molding  concrete  work  and 
operating  the  various   machines. 

No.  inS.S.  Chain  Blocks,  Electric  Hoists, 
Trolleys  and  Cranes. — Yak-  i>t  Towne  Mfg. 
Co.,  New   Y'ork. 

A  70-page  catalog  of  blocks,  hoists,  trol- 
leys and  cranes  tor  all  kinds  of  service.  The 
descriptions  are  concise  and  clear  and  the 
catalog  data  are  very  complete.  Except  the 
chain  blocks  all  the  machinery  is  electric- 
ally operated. 

No  1039.  Track.— The  Railroad  Supply 
Co..  Chicago,  111. 

This  140-page  vest-pocket  catalog  is  worth 
securing.  It  not  only  describes  and  lists  a 
full  line  of  track  tools  and  supplies,  but  it 
contains  some  50  pages  of  information  and 
tables  of  the  greatest  service  to  track  men 
and  engineers  of  maintenance  of  way. 

No.  1040.  Combination  Traction  Engine 
and  Steam  Roller.— The  Huber  Mfg.  Co., 
Marion,   O. 

Contractors  will  be  interested  in  the  com- 
bination outfit  described  and  illustrated  in 
this  circular.  "The  traction  wheel  cleats  are 
all  interchangeable,  are  fastened  on  with 
bolts,  and  may  be  easily  and  quickly  re- 
moved, leaving  the  wheels  smooth  for  rolling 
purposes.  The  front  truck  can  be  quickly 
taken  off  and  the  roller  attachment  put  in 
place,  and  the  steam  roller  is  then  complete. 
When  the  roller  has  done  its  work,  it  is  as 
quickly  changed  back  to  a  traction  engine, 
and  can  be  used  for  any  purpose  that  re- 
quires power.  For  instance,  the  engine  could 
be  kept  busy  crushing  stone  when  weather 
coriditions  would  not  permit  road  work;  and 
the  contractor  is  enabled  to  arrange  his  work 
to  the  best  advantage,  and  economize  in 
time  and  expense.  The  engine  will  also  pull 
the  grader  or  scraper  in  the  most  satisfac- 
tory manner.  For  plowing  up  streets,  noth- 
ing' is  so  good  as  the  traction  engine.  The 
speed  can  be  regulated  as  required,  and  the 
motion  is  steady:  points  that  are  very  im- 
portant in  doing  such  work." 

No.  1041.  Corrugated  Metal  Culverts.— The 
Canton   Culvert   Co..   Canton,    O. 

This  circular  describes  the  construction  of 
"Acme"  corrugated  culverts  and  gives  tables 
of  diameters,  gages,  thicknesses  and  weights. 
Views  of  culverts  and  culvert  work  are 
shown. 

No.  1042.  Portland  Cement.— Edison  Port- 
land  Cement  Co..    New   Village,   N.   J. 

This  64 -page  pamphlet  describes  with  il- 
lustrations the  Edison  cement  works  and 
special  processes  and  the  methods  of  manu- 
facture followed.  Special  fine  grinding  is 
claimed  and  the  value  of  fine  grinding  is  de- 
scribed and  proven  bv  numerous  quotations 
from  cement  authorities.  The  illustrations  of 
structures  built  with  Edison  cement  are  un- 
usually comprehensive,  including  filtration 
plants',  bridges,  viaducts,  subways,  tunnels, 
storm  relief  sewers,  gigantic  ice  piers,  hollow 
and  solid  dams,  skyscrapers,  dwellings,  ga- 
rages enormous  spans  tor  interior  construc- 
tion all  of  which  will  prove  that  concrete 
has  practically  no  limit  as  a  building  ma- 
terial. Some  of  the  pictures  show  architec- 
tural effects  and  finishes  which  are  worthy  ot 
careful  study. 
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A  Notable  Paper  on  Concrete  Building 
Costs  and  Cost  Keeping. 

Wc  give  considiraljle  space  in  lliis  issue 
to  a  paper  on  the  cost  of  concrete  build- 
ing construction.  Engineers  and  contract- 
ors for  concrete  work  will  recognize  the 
aulluir  of  this  paper  as  one  of  the  most 
prominent  engineering  contractors  for  con- 
crete work  in  the  United  States.  The  pa- 
per is,  therefore,  an  authoritative  expres- 
sion of  experience.  It  describes  a  method 
of  recording  and  analyzing  costs  for  con- 
crete work  and  it  gives  itemized  records 
of  actual  costs  of  a  great  variety  of  such 
work.  These  costs  are  undoubtedly  val- 
uable. Undoubtedly  also  they  could  have 
been  further  analyzed  and  analyzed  in  dif- 
ferent terms  to  great  advantage.  In  par- 
ticular we  should  like  to  have  seen  the 
cost  of  form  work  slated  in  terms  of  per 
cubic  yard  of  concrete  and  per  thousand 
feet  board  measure.  There  is  an  old 
adage,  however,  that  we  "should  not   look 


a   gift   horse   in   the   mouth,"   and    it    may 
Well  prevail  in  our  acceptance  of  Mr.  Wa 
son's  gift  of  cost  data.     Wc  do  not  know 
of  an  instance  of  more  generous  giving  of 
its  kind. 

As  Mr.  Wason  truly  says,  these  data 
arc  of  the  kind  that  the  contractor 
usually  keeps  under  his  own  hat  They 
seldom  get  beyond  a  few  of  the  highest 
officials  of  the  construction  company.  For 
breaking  away  from  this  policy  Mr.  Wa- 
son deserves  the  thanks  of  engineers  and 
contractors,  despite  the  fact  that  he  depre- 
cates the  generosity  of  his  action  by  claim- 
ing pure  selfishness  as  his  motive. 

To  our  minds  the  motive  is  of  deeper 
root  than  selfishness  even.  It  goes  down 
to  the  beginning  of  the  knowledge  that  the 
special  process,  the  secret  ingredient  and 
all  their  kin  are  in  greater  or  less  degree 
"pure  bluff"  as  accounting  for  success  in 
contracting.  There  is  no  secret  process 
for  successful  concrete  work,  except  hon- 
est work  and  good  management — these  arc- 
qualities  free  to  any  one  to  attain.  As  Mr. 
Wason  pointedly  remarks,  "the  older  firms 
in  the  field  have  little  to  fear  from  the  be- 
ginner because  so  much  depends  on  per- 
sonal ability  as  well  as  experience."  The 
novice  is  a  danger,  however,  when  through 
ignorance  and  inexperience  he  bids  less 
for  work  than  it  costs  and  so  loses  our 
or  resorts  to  "skinning,"  which  perhaps 
leads  to  accident  and  so  discredits  con- 
crete construction  in  the  sight  of  the  archi- 
tect and   the  owner. 


The  Preparation  of  Expert  Testimony 
on  Costs  of  Construction. 

Xearly  every  engineer  at  one  time  or 
another,  is  called  upon  to  testify  in  law- 
suits involving  costs  of  construction;  and, 
unless  guided  by  some  previous  experience 
as  an  expert  witness  in  similar  cases,  an 
engineer  is  likely  to  come  to  grief,  no  mat- 
ter how  well  informed  he  may  be. 

If  an  expert  testifies  that  a  certain  class 
of  rock  excavation,  for  example,  would 
actually  cost  80  cts.  per  cu.  yd.,  he  must 
be  prepared  not  only  to  show  what  each 
and  every  item  will  cost  in  cents,  but  to 
specify  the  plant  required  and  the  daily 
output  of  each  part  of  the  plant.  Many 
engineers  attempt  to  resist  questions  in- 
tended to  draw  out  such  analysis  of  costs, 
but  such  an  attempt  is  fatal  if  the  cross- 
examining  attorney  understands  how  to 
expose  the  weakness  of  cost  testimony  tliat 
will  not  stand  analysis. 

To  illustrate  how  weak  cost  testimony 
is  unless  the  costs  can  be  analyzed,  let  us 
take  -an  example  that  actually  occurred. 
The  question  involved  was  the  unit  cost  of 
a  reservoir  embankment.  An  engineering 
witness  had  testified  that  it  would  co.st  a 
certain  sum  per  cubic  yard,  which  wc 
will  call  50  els.  He  refused,  how- 
ever, to  analyze  this  cost  inio  its  ele- 
ments,  but   stood   out   stubbornly    for   the 
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total  of  50  cts.  per  cu.  yd.  as  being  a  fair 
cost   based   upon   "long   experience." 

This  lead  into  the  question  of  the  ex- 
perience of  the  witness.  The  witness 
cited  the  construction  of  several  reservoirs 
of  which  he  had  had  charge,  as  an  en- 
gineer ;  but  in  none  of  these  had  steam 
shovels  been  employed  to  sufficient  extent 
to  enable  the  witness  to  cite  any  steam 
shovel  daia.  Indeed,  it  developed  that  the 
witness  had  had  very  little  experience 
with  steam  shovels  and  could  give  no 
steam  shovel  cost  records  of  his  own. 
Nevertheless,  the  witness  had  previously 
admitted  that  the  work  in  question  was 
of  such  magnitude  that  it  would  unques- 
tionably be  done  with  steam  shovels.  Fur- 
thermore, the  witness  admitted  that  the 
distance  of  transporting  the  earth  was  not 
the  same  as  in  any  of  the  rcseri'oirs  he 
had  built.  Driven  to  explain  how  he  could 
logically  apply  data  drawn  from  his  ex- 
perience to  work  involving  conditions 
varying  materially  from  those  that  he  had 
"experienced,"  the  witness  was  forced  to 
say  that  he  had  "made  due  nllowinces" 
for  the   varying  conditions. 

Now,  this  is  precisely  wh^;  .....  vvit- 
ness  must  do,  for  there  are  rarely,  if  ever, 
two  pieces  of  construction  work  that  are 
identical.  Conditions  vary,  and  due  al- 
lowance must  be  made  for  the  variation. 
It  is  logically  impossible  to  make  an 
"allowance"  for  variations  in  the  aggre- 
gate. Each  condition  must  be  considered 
by  itself  as  to  its  effect  upon  the  cost.  If 
the  haul  is  1,000  ft.  in  one  case  and  3.000 
ft.  in  another,  the  witness  must  show  that 
lie  has  made  due  allowance  for  the  differ- 
ence, or  be  discredited  as  to  his  knowledge 
of  costs.  If  he  affirms  that  he  has  made 
due  allowance,  he  is  immediately  con- 
fronted with  a  question  as  to  what  the  pre- 
cise allowance  was.  In  short,  he  is  forced 
into  an  analysts,  or  stand  discredited 

It  is  absolutely  impossible  to  maintain 
the  soundness  of  an  estimate  of  unit  cost 
based  upon  experience,  unless  that  ex- 
perience involves  at  least  one  instance 
identical  in  every  respect  with  the  case 
in    question. 

I^t  the  price  of  coal  be  $:)  a  ton  on  one 
job  and  $C  on  another,  and  let  all  other 
conditions  be  identical,  then  the  witness 
must  be  prepared  to  show  what  amount 
of  coal  is  required  per  unit  of  work  done. 
I.ct  the  wages  of  cnginemen  be  the  same 
on  both  jobs,  while  the  wages  of  common 
lal>orers  iliffcr,  then  the  witness  must  be 
prepared  to  sliow  what  amount  of  com- 
mon labor  is  involved  in  each  unit  of 
work. 

Let  there  be  •  1  per  cent  of  large  cob- 
bles to  be  removed  from  one  reservoir  em- 
bankment before  rolling  and  5  per  cent 
from  another,  then  the  witness  must  show 
that  he  has  knowledge  of  the  cost  of  re- 
moving cobbles. 

Clearly,  no  expert  witness  can  hope  to 
make  a  f.'ivorablc  impression  in  a  cost 
case    unless    he    is    prepared    to    submit    a 

Ml  right*  of  republicntion  rescr\ec) 


26 


ENGINEERING-CONTRACTING 


Vol.  XXXI.     No.  2. 


complete  analysis  of  the  unit  costs  ni  f 
question.  The  first  step,  therefore,  in  pre- 
paring to  submit  testimony,  is  to  mvesti- 
gate  each  of  the  conditions  that  would 
affect  the  cost  and  to  tabulate  the  vari- 
ous items  of  cost  as  determined  by  each  of 
these   conditions. 

Since  the  magnitude  of  the  work  often 
determines  the  kind  of  plant  required, 
the  expert  witness  should  itemize  the 
plant  required,  and  the  first  cost  of  each 
element  of  the  plant.  The  time  limit 
clause  will  usually  determine  the  amount 
of  plant  required.  Hence  the  necessity 
of  considering  the  time   element. 

Having  tabulated  the  plant  and  its  first 
cost,  a  monthly  percentage  for  interest,  for 
current  repairs.  and  for  depreciation 
should  be  assigned  to  each  class  of  plant. 
Then  the  daily  or  monthly  consumption 
of  fuel  should  be  estimated,  and  a  proper 
price  per   unit  of   fuel  assigned. 

The  next  step  should  be  to  tabulate  the 
number  of  workmen  of  each  class  re- 
quired to  operate  the  plant  and  complete 
the  job  within  the  time  limit.  Proper 
wages  should  be  assigned  to  each  class  of 
workmen,  and  an  average  monthly  pay 
roll  prepared. 

The  monthly  output  of  this  organization 
is  then  recorded  and  the  total  monthly  out- 
put divided  by  the  total  monthly  cost  of 
lalior  and  plant  charges  to  get  the  net 
unit    cost. 

To  the  net  unit  cost  it  is  usually  neces- 
sary to  add  a  certain  percentage  for  over- 
liead  charges  and  miscellaneous  items  that 
are   not   readily  eliminated  otherwise. 

Tlic  procedure,  as  above  outlined,  will 
lead  to  a  complete  and  logical  analysis  of 
the  .unit  cost,  which  may  Vie  typewritten 
and  submitted  as  an  exhibit  in  the  case, 
and  used  by  the  witness  both  in  direct  and 
in  cross-examination.  It  is  well  to  memo- 
rize all  the  important  items,  rates  oi 
wages,  etc.,  so  as  to  meet  questions  in 
cross-examination  promptly  and  without 
referring  to  any  notes  if  possible.  It  is 
well  always  to  have  the  salient  parts  of 
the  specifications  committed  to  memory, 
also  the  important  dimensions  and  fea- 
tures   shown   on   the   plans. 

In  a  subsequent  issue  we  shall  give  some 
furtlier  suggestions  as  to  the  preparation 
of  testimony  and  the  methods  of  present- 
ing it. 


Concrete  and  Reinforced  Concrete  Section 


Note-  This  Section  is  devoted  to  methods  and  costs  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  cover  the  selection,  testing  and  pro- 
Jortio^ng  of  concrete  materials;  laboratory  tests  of  concrete;  concrete  mixmg^ 
fransportation  and  placing;  fabrication  and  placing  of  reinforcement  and  form 
construcUon  and  erection.  It  will  also  contain  articles  on  new  and  interesting 
developments  in  the  design  of  reinforced  concrete. ^ ^^ 


A  Correction. 


.\  typographical  error  occurred  in  our 
article  of  January  fi,  describing  the  new 
concrete  mixer  made  by  the  Chain  Bell 
Co.,  Milwaukee,  Wis.  In  both  the  cap- 
lions  to  the  article  and  to  the  illustration. 
Ilu-  machine  was  described  as  a  "new  tilt- 
ing" mixer,  instead  of  as  a  non-tilting 
mixer.  This  mixer  is  non-tilting,  as  a 
perusal  of  the  description  makes  clearly 
evident.  The  compositor  changed  non 
to  iteiv,  and  the  error  passed  proofreaders 
and  editors  without  being  detected. 


Cost  of  Concrete  Construction  as  Ap- 
plied to  Buildings.=^= 

The  writer  gives  in  this  paper  some 
actual  job  costs  of  various  parts  of  build- 
ing construction  from  his  own  experience. 
This  kind  of  (lata  is  usually  guarded  with 
the  greatest  of  care  from  every  interested 
or  curious  eye  outside  the  firm  possessing 
it,  and  often  even  from  the  trusted  em- 
ployee of  the  company.  It  is  information 
usually  known  only  to  the  manager  or 
owners  of  a  construction  company  and 
kept  by  them  under  lock  and  key.  It  is 
not  pure  philanthropy  on  the  writer's  part 
to  publish  these  cost  data.  If  the  selfish 
business  motive  is  stated  for  so  doing, 
perhaps  more  confidence  may  be  placed  in 
the   figures  given. 

Granolithic  pavements  liave  been  so  long 
in   use  and   so   many  contractors  have   laid 
them  that  their   cost   is  a   matter   of   com- 
mon  knowledge   not   only   to     all     cement 
users  but   to  the   interested  investing  pub- 
lic.    The  result  is  that  any  contractor  bid- 
ding  a  living  profit   above  the   actual   cost 
of  construction  has  a  fair  show  of  winning 
the  job  and  the  lowest  bidder  will  usually 
make  a  profit.     The  same  is  true  of  build- 
ing construction  with  brick  and  wood.  Not 
so,    however,    is    the    case      with      concrete 
Ijuilding  construction.     The  art  is  too  new 
to  have  methods  or  even  designs  standard- 
ized sufficiently  to  permit  of  cost  data   for 
present     methods      being      very      generally 
known.     -A  great  many  builders  are  taking 
up  this  type  of  construction  at  the  present 
time,  some  who  are  competent,  many  who 
are    not.      The    novices   under-estimate   the 
cost   and   difficulties   of    doing  good   work, 
hence      they     bid   unreasonably   low,     lose 
money,  and  to  some  extent  demoralize  the 
true  value  of  proper  workmanship   among 
architects,  engineers  and  their   clients.     In 
the   writer's   opinion   there   is   no   class   of 
construction   where   more  painstaking   skill 
and  often  technical  knowledge   is   required 
than    in    reinforced    concrete.      When    well 
done  the  resulting  building  is   satisfactory 
to   the   owner   beyond   any   other    material, 
and  when  poorly  done  it  is  the  least  desir- 
able, even  if  not  actually  dangerous.     Con- 
crete is  either  good  or  bad.     There  is  no 
halfway   state,    and   the    difference   in    co.st 
of    materials   to   the   builder   between    per- 
fect  results   and    a    dangerous   structure   is 
only  o  per  cent.     Therefore  there  is  likely 
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to    be    serious    injury    done    to    a    rapidly 
growing   industry  by  the   novice   either   on 
account  of  ignorance,  though  coupled  with 
honest,    well    meaning    intent,    or    through 
skinning  a  job  on  which  he  is  sure  to  lose 
money.     Moreover,  the  older  firms   in   the 
field  have  little  to   fear  from  the  beginner 
because  so  much  depends  on  personal  abil- 
ity as  well   as   experieilce.     With   growing 
competition    improvements    are    constantly 
being  developed.     The  standard  of   cost  is 
not  yet  fixed  but  is  being  reduced  steadily. 
The    desire   of    reducing   tlie    present    wild 
bidding   and    having   only   intelligent   com- 
petition as  well  as  saving  some  poor  build- 
er a  loss  he  cannot   afford  is  the  real  in- 
spiration   of    this   paper.      The   author   has 
undertaken  it  with  the   understanding  that 
other   competent   writers   would   discuss   it. 
so  that  a  greater  good  will  result. 

METHOD   OF   COLLECTING   COST   DATA. 

In   order   to   have    an    intelligent    under- 
standing   of    the    meaning    of    the    figures 
hereinafter  given,  the  method  of  collecting 
data  will  first  be  described.     When  making 
up  an  estimate  of  the  cost  of  a  building,  in 
scaling  the  plans,  it  is  found  convenient  to 
take    off    th«    volume    of    excavation    and 
backfilling,      the      cubic      feet      of       foot- 
ings,    foundation     and     wall,     the     square 
feet     of     forms     for     walls     of     founda- 
tions     and      above      grade,      the      lineal 
feet    of    belt    courses,    moldings,    cornices, 
etc.,  also  the  size  of  special  features  of  ex- 
terior treatment.      Similarly   the   superficial 
area  of  column  and  floor  forms  are  meas- 
ured by  themselves.     Concrete  of  each  dif- 
ferent  mixture   is   scaled  off  in  cubic   feet 
and  totaled  separately.     Steel  of  each  kind 
is  taken  off  in  pounds;   granolithic  finish- 
ed  surfaces   in   square   feet,   and   so   on  in 
detail  every  item  is  measured.  As  the  work 
progresses    it    is    desired   to   know    weekly 
how   the   actual   experience   compares   with 
the  estimate  and  at  completion  to  compile 
correctly   the   costs   of   each    item   to   com- 
pare with  estimate  and  to  aid  in  obtaining 
the    true    cost    of    future    structures    of    a 
similar   kind.     The   method   of    accounting 
was  developed  to  fit  the  estimate. 

In  the  year  1898  daily  time  reports  were 
designed  having  a  number  of  columns  for 
ease  in  sub-dividing  the  time  of  the  work- 
men. At  the  liead  of  each  column  the 
timekeeper  puts  index  numbers  or  letters 
to  show  the  kind  of  work  1)eing  done,  and 
below,  the  actual  time  the  men  worked.  On 
blank  spaces  at  the  extreme  right  of  the 
report  the  timekeeper  inserts  in  writing 
the    amount    of    each    kind    of   work   done 
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and  the  :iinuunts  of  the  principal  mate- 
rials used.  The  experience  of  eight  years 
has  required  no  change  whatever  in  the 
principles  tirst  adopted.  The  only  change 
in  the  forms  has  been  to  increase  the  num- 
ber of  vertical  coUmins  so  that  a  larger 
number  of  sub-divisions  can  be  used  with- 
out   troubling    the    timekeeper    to    re-write 


ard     method     of     classification     has     been 
adopted  as   follows : 

The  principal  sub-divisions  are  given  a 
capital  letter.  Thus,  everything  whatso- 
ever relating  to  concrete  masonry  is  given 
the  inde.x  letter  \l ;  excavating  of  all  kinds, 
including  work  incidental  thereto,  the  let- 
ter I) :  all  work  connected  with  plant  the 
letter  /',  and  so  on,  there  being  only  six  or 


again.  All  laUir  t<Miiie<.ic<i  with  mixing 
and  placing  concrete  or  with  handling  ma- 
terials for  same  goes  under  the  liead  of  i-. 
all  work  in  connection  with  plant,  receiv- 
ing, erecting,  taking  down,  shipping  and 
repairing,  is  indicated  by  the  vowel  1.  Thus 
I  means  receiving  and  setting  up  plant 
ready  to  work,  \a  taking  down,  removing 
and   shipping,  and   ic   repairing.     The  con- 
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1             ( 

Time     Time  1  Time     Time     Time  j  Time  |     Urr ice                                   ■  head  of  proper  column  or 
\taof    Maow  \    Aftf      M*af  \  Ceak  \  Meow  I   Rate  1  An                                    -  r«ch  ruune  index  of  work 

1                                                                                                               -        1 

1    Closby  Foreman.  . 

9h 

1 

1 

,,  ,„,                        ,      . 

2    Maclntirc                1     »J     1             1             |             |             1             |                                                         ;     - 

3    Cook.  John. 


9} 


4    AngtL^ne. 


■I 


I     S        I 


4! 


1    !■    M 


5     Bhnfhard | 


\     7       \     t 


SP.  M. 


I     B       I 


I     7       1 


I     S       I 


I     *        I 


I     S 


V    Uuntu 

1              1 

1          1 

1     3 

1     « 

1             1             1 

10    Dupont 

1          1    e 

i     1 

1 

1 

1             1             1 

1 1     Emmons 

1          1 

B       1 

1 

1 

14      1            1            1 

12     K'lf 1               1               1      »        1               1                1               1               1               1               1 

13    Lambert I               |              1     .<        I              |              1     f       1                                   '1              ,      --!:\.Mcau:.     i  .7i, 

14     Leminx |              1              |                                  S       \     1 

1              1              ]WaUT-\              1 
,     o        1              \       iS  \    boy    I         SOlMtaf   BSO  c.  f. 

IS    Lovejay 

1 

1             1 

1 

1 

1 

1 

1 

•Ml 

ItSO  iS'  Mean-  49     "        (•<*'  »*) 

IS    O-Connell 

1    e 

9 

1     S       1 

1             1 

1                    lie  ■■      (10  ••) 

17    O'Hara    

..,.1 

1    e 

1     S       1 

1         1 

.'  1 

1                    il     ■■      isi  ■■ ) 

18     Partus 

....1 

1     9 

1 

1         1 

m  1 

J9    Peterson 

....1 

9 

1         1 

M  1 

1             1  140  bats  cement  used. 

20    Proulx 

....I 

9 

1 

1             1 

<ni 

1             1 

21     Robarge 

....I 

1     9 

1 

1 

1             I 

-il 

22    Sanjord 

....I 

1   e 

1             1 

1            1 
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Fig.  1 — Blank  for  Daily  Report  of  Labor  Cost  of  Concrete  Work. 


llie  nanus  on  another  sheet.  .\t  the  pres- 
ent time  ten  vertical  columns  ( Fig.  1 )  arc 
used  for  recording  time,  with  the  names  of 
the  workmen  at  the  extreme  left,  two  col- 
umns being  left  at  the  right  for  the  rate 
per  hour  and  the  total  ;imount.  \\.  the 
beginning  of  :i  job  written  instructions  are 
given  ,-is  to  how  the  work  is  to  be  sub- 
divided into  items  in  llie  reports.     .-\  stand 


-even  >ub-ilivisions  tn  indicate  every  build- 
ing operation.  To  indicate  the  kind  of 
work  vowels  are  used.  Thus,  the  vowels 
begiimitig  with  a  all  relate  to  form  work, 
as:  a.  centering  complete:  when  done  by 
separate  operations  <ia  is  making,  ii<'  is  set- 
ting. (II  is  straightening  up  or  bracing,  ao 
removing  after  being  used,  and  iiu  clean- 
ing  lip   and    handling   ready  to     be     used 


sonants  are  u.seil  to  indicate  different  parts 
of  a  structure  in  which  certain  work  is 
done.  L'ndcr  classilication  M ,  h  stands  for 
footings.  t°  columns,  d  foundations,  / 
rtoors.  </  stairs,  etc.  I'nder  classification 
P.  /  stands  for  Iniiler.  <;  for  horizontal  'en- 
gine, h  for  vertical  hoisting  engine,  /  for 
elevator,  m  for  mixer,  etc.  Thus  our  time- 
keeper   places    at    the    head    of    a    column 
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when  he  is  reporting  concrete  floors,  for 
the  placing  of  forms  Maaf,  for  concrete 
Meaf.  If  a  mixer  is  being  set  up  ready 
to  work  the  report  would  read  Pi>n  and 
later  if  it  was  repaired  it  would  be  re- 
ported under  Piciii. 

This  is  not  so  complicated  to  use  as  it 
may  appear  to  read,  and  experience  has 
proved  that  every  man  who  knows  enough 
to  keep  tiinc  can  use  the  system  with  a 
few  days'  experience.  The  principle  is  to 
make  the  least  amount  of  clerical  work  to 
the  timekeeper  on  the  job,  as  they  have 
plenty  of  other  work  to  do.  In  addition  to 
sub-division  of  time  as  above  set  forth,  it 
is  the  duty  of  the  timekeeper  to  report  the 
number  of  barrels  of  cement  mixed  in  a 
day,  which  is  usually  done  by  the  man  in 
charge  of  the  mi.xer  counting  the  empty 
bags,  and  in  addition  the  actual  volume  of 


large  as  an  elevator  or  stairway  is  usually 
deducted.  Form  work  for  columns  is 
measured  for  entire  area  of  surface  con- 
tact between  wood  and  cement,  all  four 
sides.  These  reports  are  made  out  on  the 
job  daily  and  sent  to  the  office.  The  book- 
keeper works  these  reports  up  into  imits 
of  measurement,  as  cost  of  labor  per  cubic 
foot  of  concrete  and  number  of  cubic  feet 
of  concrete  per  barrel  of  cement,  number 
of  square  feet  of  form  work  erected,  etc.. 
and  from  this  it  is  easy  to  obtain  the  unit 
costs  hereinafter  given.  The  bookkeeper 
can  take  the  reports  of  four  or  five  jobs, 
employing  in  the  aggregate  -500  or  600  men, 
and  in  a  single  day  work  up  the  complete 
report  for  a  week's  time ;  thus  it  will  be 
seen  that  there  is  really  little  extra  labor 
involved  in  the  subdividing  of  reports  into 
a    useful    form    over   merely   reporting   the 


Job  No.   747. 

Date  Ma.v  2^tli.  1906.       Mill,  Tappan 

Proposal. 

Total    $35,164.55 

Kxeavate     790.00 

Footings  and  Fr 1,738.00 

Exterior  walls    1,955.00 

Wall   and    Fr.    centers 1.520.00 

Floors,  6%"  thick 8,883.00 

Koof  514"  thick 3,869.00 

Columns,    20x20" 832.00 

Stairs   883.00 

Tool  surface    469.00 

Ornaments  and  cornice 348.00 

Ventilators  on   roof 44.00 

.Set  windows  and  door  frames. .  852.00 

Interior  partitions    1,770.25 

Bolts  and  iron  work 253.00 

Stair  railing  and  grill , 387.00 

Screens   and   setting 1,086.00 

2"  Spr.  plank  and  la.ving 2,839.00 

7-8"Maple   plank  and  laying....  1,738.00 

Motor  shaft 379.50 

Motor  shaft  found 98.00 

Roofing  and  conductors 1,255.00 

Paving    1,009.00 

Retaining   wall — 

Centers,  per  sq.  ft 

Concrete,    per  cu.    ft 429.00 

Painting    400.00 

Steel  footings  and  walls 300.00 

Plant   frt..    etc 1.860.00 

Bond    100.00 

Extras    77.80 


Bros.,   Attleboro,   Mass. 

Actual  Per 

Cost.       Per.  Cu.  Ft.     Profit.  Loss.       Ct. 

$31,330.48       $3,834.07       $ 11 

823.18  .021          33.1,S 

1,033.57  .137  704.43  

Per  scj.  ft. 

2,162.02             .190          207.02 

3,630.08             .125          2,110.08 

6,542.16  .339         2,338.84  

1,713.51  .237  1,155.49  

Per  1.  ft. 

676.65         1.470  155.35         

910.35            .912         27.35 

Per  .sq.  ft. 

636.53  .056          167.53 

164.33  ....  183,67         

35.64  8.36  

Each. 

■i20.99         2.19  122.01  

Per  sq.  ft. 

1.656.35  .189  133.90  

257.06 4.06 

654.00            267.00 

Per  M. 

835.12        52.17  250.88  

1.431.69        33.30  1.407.31  

1.788.88       89.44           50.88 

533.19  98.89           153.69 

70.07   27.93  153.69 

1.026.06    288.94    

Per  sq.  ft. 

647.54  .094     361.46    

.211    

316.90  .175      112.10    

375.00     25.00    

218.91     81.09    

2.271.73     411.73 

120.00     20.00 

67.97     .  .  ,-       9.83    


Fig.  2— Master  Card,  Giving  Complete   Cost  of  a  Job. 


concrete  measured  in  place.  From  this, 
knowing  the  proportions,  it  is  a  very  sim- 
ple matter  to  obtain  the  amount  of  sand 
and  stone  used  and  also  to  see  if  the  right 
amount  of  cement  is  being  used.  Carpen- 
ter work  on  forms  is  reported  by  the  num- 
ber of  square  feet  of  surface  in  contact 
with  the  concrete  erected.  Thus  walls  are 
measured  two  sides  without  deducting 
doors  and  windows,  as  it  is  usual  to  let 
the  form  work  run  straight  across  these 
unless  it  is  impossible  on  account  of 
mouldings,  in  which  case  the  framing  of 
the  opening  will  cost  as  nnich  as  the  form 
work  omitted.  Beam  floors  arc  measured 
around  the  perimiter  of  the  beam  and  the 
flat  surface  of  the  panel  and  around  the 
perimiter  of  girders.  No  deduction  i.;  made 
for  the  loss  of  area  by  the  intersection  of 
beams  and  girders,  and  small  openings  in 
the   floor   are   not   deducted.     Anything   as 


time  so  that  the  payroll  can  be  accurately 
made.  The  system  employed  has  appeared 
of  sufficient  value  to  others  to  warrant  its 
being  briefly  outlined  in  Gillette's  "Hand 
Book  of  Data,"  pages  14,  15,  and  19,  and 
a  description  of  it  also  appeared  in  Enci- 
NEERi.NG-CoNTRACTiNG  of   March,   1906. 

Materials  received  on  the  job  are  re- 
ported on  cards  especially  printed  for  the 
purpose,  listing  the  principal  materials 
which  are  reported,  in  order  to  save  work 
of  the  timekeeper  in  reporting  materials 
accurately. 

When  a  job  is  entirely  completed  and 
the  ledger  account  is  closed,  a  master  card 
is  worked  out  giving  the  complete  history 
of  the  cost.  On  one  side  of  the  card  are 
written  the  items  which  went  into  the  orig- 
inal estimate,  such  as  excavation,  back- 
fillings,  footings,  foundations,  columns, 
floors,   walls,'  stairs,    etc.,    etc.      In    parallel 


columns  is  placed  the  actual  amount  of 
the  estimate  with  the  actual  experience,  re- 
duced to  cost  units  such  as  cubic  feet, 
square  feet  of  form  work,  etc.,  and  the 
percentage  of  profit  or  loss  between  the 
estimate  and  actual  results.  On  the  re- 
verse side  of  the  card  the  principal  items 
are  worked  out  more  in  detail.  Thus  form 
work  is  reduced  to  cost  of  labor,  lumber 
and  nails,  wire  or  other  sundries  used  in 
the  forms  per  square  foot  of  surface.  Con- 
crete is  itemized  into  the  superintendent's 
general  labor,  labor  of  mixing  and  placing, 
cost  of  cement,  sand,  stone;  miscellaneous 
expenses  such  as  teaming,  plant  and  other 
general  items,  reduced  to  cubic  feet  meas- 
urement, which  makes  the  total  cost  of  the 
concrete  in  place  in  each  division  of  the 
building  itemized  for  ready  reference 
when  making  up  future  estimates  on  work 
of  a  similar  character.  An  example  of  this 
form  is  given  by  Fig.  2. 

It  is  well  known  that  the  cost  of  mate- 
rials and  labor  in  different  parts  of  the 
country  vary  somewhat.  Having  the  unit 
items  all  sub-divided  as  above  stated  into 
their  elementary  parts,  it  is  an  easy  mat- 
ter after  determining  the  cost  of  mate- 
rials in  any  locality  to  make  the  exact  cor- 
rections to  the  results  obtained  on  a  pre- 
vious job.  Similarly,  when  a  difference  in 
the  rate  per  hour  for  wages  is  known,  if 
the  same  efficiency  is  obtained  from  the 
men  it  is  very  easy  to  make  a  correction, 
or  if  the  efficiency  varies,  judgment  nuist 
be  applied  to  determine  the  correct  rate  to 
use.  It  has  been  the  writer's  experience 
that  although  the  rate  of  wages  and  cost 
of  materials  vary  somewhat  in  different 
parts  of  the  country,  the  variations  fre- 
quently offset  one  another  so  nearly  that 
the  sum  total  of  the  unit  cost  obtained  in 
one  place  may  be  used  in  another,  very 
seldom  needing  correction.  For  instance, 
within  one  month,  after  careful  investiga- 
tion, a  bid  was  made  up  on  a  structure  at 
San  Juan,  Porto  Rico,  using  the  same  unit 
costs  as  for  a  building  in  Boston.  In  the 
report  tha.t  is  given,  the  costs  relate  to 
strictly  first  class  material  and  workman- 
ship in  every  case,  as  it  has  been  the  en- 
deavor of  the  writer  to  establish  and  main- 
tain one  standard  for  all  work.  The  varia- 
tions in  cost  due  to  different  mixtures  of 
concrete  can  easily  be  allowed  for  by  ref- 
erence to  the  table  on  page  133  of  the 
"Proceedings  of  the  Fourth  Annual  Con- 
vention of  this  Association"  (Eng.-Contr., 
Feb.  19,  1908,  p.  109).  In  general  I  would 
say  that  the  standard  mixture  for  all  floors 
has  been  either  1-3-6,  or  1-2-4  if  the  floor 
is  subjected  to  extremely  heavy  loads  and 
service.  Walls  are  mixed  1-3-6  and  col- 
umns usually  1-2-4;  in  some  cases  where 
they  arc  very  heavily  loaded  a  richer  mix 
ture  is  used.  As  these  mixtures  are  com- 
mon to  nearly  all  construction  the  costs 
here  given  may  be  applied  with  little  dan- 
ger of  error  from  neglecting  the  mi.xture 
on  any  work.  Of  course  it  can  readily  be 
understood  that  in  the  large  number  of 
jobs  which  Iiave  entered  into  the  averages 
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given,   thirc   biiiig   as   many   as   18   in  tlic  proper    classification    or    some   other    such  span   slabs   between    steel   beams   including 

case  of  beam  floors.  diTerent  methods  of  small   mattei.     It  appears  to     the     writer.  the  firepnx.fing  on  the  sides  of  the  beams 

conducting   the  work   have  been   used  and  moreover,    that    the    resuhs    from    a    few  $.09.5,  walls  exposed  to  view  above  gi^nd 

many  dilTircnt   foremen.     Therefore.  whiU-  typical    jobs    would    be    of    more    interest  $.128.  foundation  walls  $.103,  mass  founda- 

the  gencrd   average   is   doubtless  safe   for  than    a    mass    of    figures    from    all    kinds.  tions    $.0fl3— arc,    the    writer    believes,    all 

TABI.K  1.  — COST  OF  CONCKt:TK  COLUMNS. 

Forma   per   Ki|imrc  foot. Concrete  |>er  cubic  foot. 

Nails  Team 

Carpenter                        and  Concrete  Gen.  Agtcre-  and 

latKir.       Lumlier.      wli.-.  Total.        lal>or.  lubijr.  Cement,  gate.  ml*-.  Plant.  Total. 

Location.                                                                 «}$$)                  lit  It  I 

cm.  e  tiiilldlnB.    IVrtland.   -Me .133             .039             .uul  .173             .061              .004  .087              0S4  Of  0-'  •>13 

Civiil    iHi.k.M.    I.iiwrfncc.    .Mass .or.7              .024              .001  .082             .166             .003  .073              041  008  016  '5o7 

.Mill.    .SoiitliLrlilK.-.    .Mass .097             .082             .002  .181              .073              .056  .107              035  0»7  030  '3-'» 

.Mill.    .Mtl.lM.ro.    .Mii.M.s .093              .022              .001  .116              .110               .014  .062               038  013  "34  STl 

Mill.    S..uthl.iidt;.>.    .Mass .080             .O.'ie             .001  .137             .108              .048  .100             .037  013  '>?.*  340 

Coal  ii.nki-t.  Hartford.  Conn .098             .047             .002  .147             .089             .043  069              055  017  i.n  »»« 

GaniKf.    Hrcp.ikllnf.    Mass .071              .051              .002  .124             .070             .028  072              058  "11  '»M 

Warch.xKs,-.   Portland.  .Me .118             .016             .001  .135             .087             .027  .087              070  ■    •  '  335 

TfNtlli-  iiiill.  Lawrince,   .Mass .061              .013             .001  .07:i             .09.>               019  109              027  l>  "T"  '»M 

HlKhe-st     .133             0.82             .002  .181              .166              .056  .109            ^084  .041  (134  '340 

Lowest     .057             .013             .001  .075             .064              .003  .062              027  008  013  271 

.W.r.iBe    of    9 .082             .036             .001  .130             .096  .027  .085             .049  .021  ^023  ."jOl 

any   work   of   an   average   character,   some  some   of    whicli    would   be   of     no     value.  higher  in  price  than  is  usually  believed  to 

latitude   nia>    be   allowed   the   judgment   in  Enough  arc  given   for  a   fair  average,  ex-  be  a   fair  cost  by  the  majority  of  builders, 

dctcriiiining    whether    any    specific    case    is  ccpt    in    ihe   case    of    long    span    flat    slab,  It   is  upon  the   success  of   handling   forms 

likely  to  b.  difficult,  easy  or  average.     The  which  is.  by  comparison,  a  recent  type  of  that    good    results    financially    depend.      In 

writer    has    found    quite    a    difference,    for  construction.     The  figures  for  the  highest,  regard    to   r.iii.r.i,      ),l„,r    U    the    variable 

T.ABLK  11.— COST   OF   BEAM    FLOORS  OF  REINFORCED  CONCRETE. 

Korms   per  square   foot. Concrete  !■•  r   cum.-   (.,.,i 

Nails  Team 

Carpenter  and  Concrete  Gen.  AeBre-  and 

labor.       Lumber,  wire.  Total.  labor.  labor.  Cement,  gate.  misc.  Plant.  Total. 

Location.  ttitt  ttttll 

Power    house.    Greentleld .165  .107  .003  .275  .143  .020  .109  .101  Ou8  016  397 

Tar    well.    Springfleld .064  .041  .002  .107  .076  .005  .026  .075  .013  040  "335 

Mill.".    Greenfield.    Mass .106  .061  .004  .171  .077  .Oil  .109  .086  007  055  345 

Car   t.arn.   Danbury.    Conn .044  .051  .001  .096  .128  .013  .086              071  Oil  010  319 

Coal  pocket.   Lawrence.  Mass .072  .039  .002  .113  .056  .004  .073              041  001  019  20' 

.Mill.    .Soiithbridge.    Mass .067  .062  .002  .131  .137  .029  .191  .051  038  014  460 

.Mill.   .Mtleboro,    Mass .062  .032  .002  .096  .071  .023  .098  .062  .021  055  330 

BridKC    Plymouth.   Mass .047  .050  .001  .098  .078  .019  .100              040  027  010  '47 

Garage.    Newton.    .Mass .104  .033  .002  .134  .116  .020  .121  .084  038  010  394 

Mill,    Southbridge.    Mass .0.57  .051  .001  .109  .119  .027  .132  .037  013  034  36' 

Coal    pocket.   Hartford.    Conn .060  .033  .001  .094  .047  .023  .081  .055  017  013  236 

Garase.    Brookline.    Mass .105  .038  .002  .145  .160  .032  .088  .058  .041  020  399 

Filter    Lawrence.   .Mass .048  .032  .001  .081  .102  .016  .085  .054  012  032  301 

Storehouse.    Chelsea.    Mass .064  .043  .002  .109  .153  .035  .115  .068  052  020  443 

Warehouse.    Portland.    Me .037  .029  .001  .067  .186  .030  .096  .069  .043  .046  470 

Textile  mill.   Lawrence,  Mass .045  .042  .001  .088  .130  .013  .071  .037  025  010  286 

Textile  mill.  Lawrence.  .Mass .053  .033  .001  .087  .116  .033  .194  .049  .035  .015  442 

Chapel.    Portland.   Me .053  .027  .002  .082  .100  .008  .127  .091  .041  010  377 

Highest      .165  .107  .004  .275  .186  .035  .194  .101  .052  .055  470 

Lowest    .037  .027  .001  .067  .047  .004  .071  .037  .007  .010  202 

.\verage  of  IS _. .070  .045  .002  .116  .111  .020  .106  .063  .025  .024  .354 

instance,  in  cost  of  identical  work  handled  lowest  and  average  totals  in  the  fourth  item  which  must  be  carefully  considered, 
by  different  foremen,  .<Iue  to  the  personal  and  last  columns  are  taken  from  the  ver-  .-Xny  one  of  intelligence  can  make  a  care- 
equation  nf  their  painstaking  supervision  tical  column  in  which  they  stand  and  have  ful  estimate  of  the  materials  to  be  used, but 
and  ability.  no  relation  to  the  other  figures  in  their  note  the  average  prices  per  cubic  foot  of  la- 
in the  accompanying  tables  only  typical  horizontal  line.  hor— namely,  for  columns  $.133,  beam  floors 

TABLE  HI.— COST  OF  FLAT  SLAB  FLOORS. 

Forms    per   square    foot. Concrete  per  cubic   foot. 

Nails  Team 

Carpenter  and  Concrete         Gen.  Aggre-      and 

labor.       Lumber.      wire.  Total.         labor.  labor.       Cement.      gate.         misc.         Plant.       Total. 

IxKation.  ItttI  ttlttt 

Otflce   building.    Portland.   Me .078  .039  .001  .118  .043  .004  .087  .084  .012  .022  .25! 

Fire   station.    Weston.    .Mass .067  .038  .003  .108  .103  .007  .092  .053  .026  .039  .320 

Chiirih.    Boston,    .Mass .067  .037  .002  .106  .146  .017  .109  .072  .020  .010  .374 

Highest    .078  .039  .003  .118  .146  .017  .109  .084  .026  .039  .374 

Lowest    .067  .037  .001  .106  .043  .004  .087  .053  .012  .010  .251 

Average   .1)71  .038  .002  .111  .097  .009  .096  .070  .019  .024  .315 

jobs  are  given,  whose  results  arc  correctly  The  general  averages  on  form  work  in  $.131,  flat  floor  $.l(Ki.  floors  between  steel 
known.  The  results  of  a  number  of  jobs  the  foregoing  tables  of  forms  per  square  beams  $.121.  walls  $.106,  foundations  $.001 
have  been  spoiled  by  a  change  of  time-  foot  of  surface  contact — namely,  columns  and  mass  work  in  connection  with  build- 
keeper  during  the  progress  of  the  work.  $.13,  floors  with  reinforced  concrete  beams  ings  $.(Vi2;  not  until  the  last  item  is 
the  new  man  missing  for  a  day  or  two  the  $.llfi.  flat  floors  without  beams  $.111,  short  reached   is   a   price  obtained   in   experience 

TABLE  rV— COST  OF  CONCRETE  SLABS  BETWEEN  STEEL  BEAMS. 

Forms   per  square    foot. Concrete  per  cubic  foot 

Nails  Team 

Carpenter  and  Concrete  Gen.  Aggre-  and 

labor.       Lumber,  wire.  Total.  lalwr.  labor.  Cement,  gjite.  mlso  Plant.  Total. 

Location.                                                                 Ittit  ttttll 

Bleaeherv.     E.     Hampton .054              .027  .002  .083  .092  .007  .137  ""i  012  .046  .367 

Machine  shop.  Milton.    Mass .087             .027  .003  .117  .090  .033  .114  '  "  016  .034  .362 

Foundry.    N.    Britain,    Conn .078             .046  .002  .126  .095  .021  .076  >  '104  .022  .296 

Stable.    Boston.    Mass .064              .012  .001  .077  .101  .019  .129  :•  020  .015  .354 

Residenee.    Milton.    Ma.ss .110             .071  .003  .184  .105  .048  .132  ""'  ii.i3  .010  .428 

Power  House.   Pittsfleld.  Mass .029             .030  .001  .060  .131  .008  .123  "•>  1113  .010  .353 

Laundrv-.    Boston,   Mass .058             .024  .001  .083  .092  .021  .098  »s9  .022  .010  .3M 

Prison."  Portsmouth.    N.    H .068             .017  .001  .086  .073  .005  .208  .075  .006  .010  .377 

Paper   mill.    Mittineague .097             .071  .002  .170  .144  .033  .143  063  027  .010  .419 

Power   house.    Quincv,    Mass .047             .025  .001  .073  .073  .021  .159  ^^  w.{  (120  .422 

School.    Waltham.    Mass     .029             .028  .001  .058  .138  .009  .lo:  "is  .115  .360 

Foundry.   Provldenie.  R.  1 .028             .020  .001  .049  .084  .012  III  ":••.  010  .272 

Foun.lrj-,    Providence.    R.   I .043             .021  .001  .065  .111  .010  .i;s  .029  .010  .317 

Highest                                             110             .071  .003  .184  .144  .048  .2ns  -  .064  .046  .428 

Lowext                                                                                0"8              012  .001  .049  .073  .005  .07i'.  .'.  .004  .010  .272 

Avenii;.-                                                                              061              .032  .002  .095  .102  .019  .I2S  "i;s  .024  .017  .259 
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which,  according  to  the  ob.servat!on  of  the  labor  of  washing,  charging,  mi.xing  and  inside  of  these  hoops.  There  was  a  mush- 
writer,  the  majority  expect  to  obtain  in  dumping  into  the  cars  was  only  $.12  per  room  head  of  bent  and  circular  bars  wired 
biiHing  work  in  general.  Many  men  who  cubic  yard  and  for  moving  it  in  cars  an  together  at  the  top  and  great  numbers  of 
have  had  wide  experience  in  handling  large  average  distance  of  70u  ft.,  dumping  and  long  bars  of  small  section  spread  in  all 
quantities  of  concrete  in  mass  have  at  placing  was  only  $.30  per  cu.  yd.,  or  a  total  directions  over  the  floor.  The  lowest 
times    attempted    a    lighter    type    of    con  cost    of   $.0155   per    cu.    fl.      The    talile    of  price,    filter    at    Lawrence,    was    made    en- 

TABLE  v.— COST  OF  BUILDING  W.-VLLS  .^BOVE  GRADE. 

Forms    per  square    foot. Concrete  per   cubic   foot. 

Nails  Team 

Carpenter  and  Concrete  Gen.  Aggre-  and 

labor.  Lumber.  wire.  Total.  labor.  labor.  Cement.      gate.  misc.  Plant.  Total. 

Location.                                                                 $$$$$  $$$$$$ 

Fire  station,  Weston.  Mass .116  .03S  .004  .15S  .100  .007  .063  .0.53  .026  .039  .294 

Mill    Greenfield    Mass   .062  .038  .002  .102  .060  .011  .084  .086  .007  .055  .303 

Waterworks,  Waltham,   Mass .137  .024  .001  .162  .146  .007  .058  .057  .014  .047  .329 

Coal  pocket,  Lawrence,  Mass .118  .056  .002  .176  .042  .004  .073  .043  .009  .019  .190 

Mill     A.ttIeboro,   Mass .103  .024  .001  .128  .129  .018  .074  .048  .017  .043  .329 

Coal  pocket,  Hartford,  Conn .096  ,.047  .002  .145  .118  .052  .097  .055  .017  .013  .350 

Filter.   Lawrence,   Mass .046  .032  .001  .079  .046  .017  .083  .054  .012  .032  .244 

Italian   ijarden.   Weston,    Mass... .101  .073  .002  .176  .102  .008  .105  .081  .019  .010  .325 

Stable    Beverlv,  Mass .099  .030  .002  .131  .078  .019  .071  .062  .018  .010  .258 

Residence,  N.'Andover,  Mass .078  .016  .001  .095  .096  .014  .046  .050  .008  .010  .174 

Observatorv.  Milton,  Mass .056  .038  .002  .096  .095  .012  .060  .187  .058  .005  .417 

Otflce    Boston,   Mass .105  .030  .002  .137  .096  .033  .066  .114  .066  .005  .380 

Tunnel,   Boston,  Mass .112  .045  .005  .162  .126  .016  .066  .106  .077  .005  .330 

Hospital,  Waltham,  Mass .058  .028  .001  .087  .089  .017  .034  .063  .023  .010  .236 

Residence,   Boston,   Mass .108  .036  .001  .145  .110  .015  .077  .069  .026  .005  .446 

Coal  pocket.  Providence,  R.  I .087  .020  .001  .108  .052  .005  .102  .090  .015  .010  .274 

Italian  garden,   Brookline,  Mass .064  .027  .001  .092  .048  .011  .080  .071  .019  .010  .239 

Highest    .136  .073  .005  .176  .146  .052  .105  .187  .077  .055  .446 

Lowest   046  .016  .001  .079  .042  .004  .034  .043  .007  .005  .174 

Average  of  17 • .085  .036  .002  .128  .090  .016  .073  .076  .025  .019  .301 

struction    and    been    greatly    surprised    at  steel    omits    entirely    the    first    cost    of    the  tirely    of    .straight    bars    placed    loose,    the 

the  large  expense  connected  therewith.     It  material,     .'\fter   it    is   received  at   the   site  only  expense  being  cutting  them  in  a  hand 

has  come  to  the  writer's  notice  a   number  of    the    work    in    the    shape    sold    by    the  shear  to  length  and  placing  them, 

of    times    that    men    with    this    experience  manufacturer,   these   prices   cover   the   cost  In   Fig.   2   is   given   an    exact   copy   of   a 

have   added   50   per    cent   to    100    per    cent  of    fabricating   into   units    for    columns    or  "master    card"    which    gives    the    complete 

to   the    cost    of    mass    work    and    felt    that  beams,    bending    the    stirrups,    placing    and  financial    history    of    the    job    when    it    is 

they   were   amply   covered    for   light    struc-  all     incidentals     whatsoever    prior    to     the  finally  completed.     The  first  column,  which 

TABLE    VI.— COST    OF  FOUNDATION   WALLS. 

Forms    per   square    foot. Concrete  per   cubic   foot. 

Nails  Team 

Carpenter                          and  Concrete         Gen.  Aggre-  and 

labor.       Lumber.      wire.  Total.  labor.  labor.  Cement.  gate.  misc.  Plant.  Total. 

Location.                                                                 $»$$$  $$$$.$$ 

Filter,  Warren.  R.  I .103             .048             .004  .155  .062  .037  .086  .068  .012  .031  .296 

Tar  well.  Springfield .071              .031             .002  .104  .040  .015  .094  .075  .013  .040  .277 

Tunnel.  New  Bedford .048             .045             .001  .094  .213  .019  .203  .092  .057  .015  .599 

Filter,  Exeter,  N.  H .124              .067             .002  .193  .064  .021  .071  .116  .034  .019  .325 

Filter,  Lawrence,  Mass .058             .042              .001  .101  .046  .017  .083  .054  .012  .032  .244 

Theatre,   Portland.  Me .081              .024             .003  .108  .112  .013  .073  .078  .003  .020  .303 

Warehouse.  Portland.  Me .053             .009             .001  .063  .040  .019  .060  .070  .029  .017  .235 

Residence,  N.  Andover .047              .019             .001  .067  .108  .006  .082  .045  .015  .010  .266 

Filter,   Lawrence,    Mass .048             .035             .002  .085  .055  .006  .039  .027  .011  .010  .148 

Residence,   No.    Andover .065             .019             .001  .085  .087  .012  .072  .045  .013  .010  .239 

Retaining  wall.   Naugatuck,    Conn .134              .047             .001  .182  .097  .018  .056  .032  .022  .010  .235 

Hospital.  Waltham.   Mass .048             .028              .001  .077  .043  .019  .038  .063  .026  .010  .19» 

Greenhouse.    Brookline.    Mass .032              .035             .001  .068  .051  .007  .078  .043  .013  .010  .202 

Hotel,  Brookline,  Mass .037             .018             .001  .056  .043  .002  .080  .054  .010  .010  .199 

Highest .134             .048             .004  .193  .213  .037  .203  .116  .057  .040  .599 

Lowest    .032              .009              .001  .056  .040  .002  .038  .027  .003  .010  .148- 

Average    .068              .033              .002  .103  .076  .015  .080  .062  .019  .017  .269 

lural    work.      The    fallacy    of    this    can    be  actual  embedding  in  concrete.     In  the  case  is  blank,   is  occasionally   used   for   anesti- 

seen   by    a    very    recent    experience   of   the  of    the   highest   cost,   a    coal    pocket,   there  mate  of  the  first  cost,  the  proposal  includ- 

writer's.     !r.  building  a  dam  this  past  year  was    very    limited    storage    space,    1%    in.  ing    the    profit    as    well    as    the    estimated 

across   the   Connecticut    River    about    5,500  bars   had   to   be   bent    diagonally    so    as    to  actual  cost.     It  will  be  seen  that  on  some 

cu.    yds.    of    concrete    were    placed.      Ce-  pass    over   the   top   of   the   support    at   col-  items    a   loss   was    incurred,    as    well    as    a 

nient    and   aggregates   were   received    on   a  uinns,   and   there   were    numerous    stirrups,  profit    on    others,    showing   that    it    is   diffi- 

bridge    abutment   2(1    feet   above   the    river.  all    of    which    had    to    be    made    by    hand.  cult,    even    on    work    which    a    company    is- 

TABLE  VII.— COST   OF  FOOTING   AND   MASS  FOUNDATIONS. 

Forms    per   square  foot. Concrete  per   cuVjic   foot. 

Nails  Team 

r'arpenter                          and  Concrete  Gen.  Aggre-  and 

labor.       Lumber.      wire.  Total.         labor.  labor.       Cement.  gate.  misc.  Plant.  Total. 
Location.                                                                      $$$$$                    $$$$$$ 

Power  house,  GreenfieUi .119             .077             .002  .198             .065              .020             .098  .092  .008  .016  .299 

Eng.    foundation,    Taunton,    Mass .054             .025             .001  .080             .045              .002             .065  .048  .004  .017  .181 

Head   gates,    Shawmut,    Me .071              .043             .003  .117             .033             .001             .074  .099  .003  .014  .224 

Canal.    Lowell.    Mass .039             .025             .001  .065             .025              .011             .080  .078  .004  .042  .24^ 

Foundation.    Provincetown    .069             .043             .002  .114             .039              .004             .073  .099  .011  .049  .275 

Dam.  Merrimack,   N.  H .066             .037             .003  .106             .081              .008             .090  .055  .008  .031  .273 

Foundation,    Boston,   Mass Oil              .006              .001  .018              .035              .004             .061  .072  .006  .010  .188 

Eng.   foundation,   Boston,   Mass .095             .039             .003  .137             .037              .013             .061  .084  .013  .015  .223 

Gas    bolder.    Springfield .034             .031              .002  .067             .043              .001             .061  .068  .005  .010  .188 

Foundation.    Providence,   R.   I .016             .011              .001  .028             .051             .002             .047  .076  .010  .010  .196 

Highest    , .119             .077             .003  .198             .081              .020             .098  .099  .013  .049  .275 

Lowest    .016             .006             .001  .018             .025              .001             .047  .043  .003  .010  .181 

Average    of   10 .057             .034             .002  .093              .045              .007             .071  .077  .007  .021  .229 

.Aggregates     were     dumped     upon     an     in-  The  job  was  too  small  to  justify  any  me-  fairly    experienced   on,   to   reach    the    right 

dined  chute  where  they  were  to  be  washed,  chanical    arrangement    for   bending   or    for  price    on    everything,    and    also    that    when 

and    from   the   end   of   the   chute   they   fell  handling  material.     The  next  highest,  office  slight   changes  are  made  by  the  owner  or 

into    liins,    from    which    they    were    drawn  building,  Portland,   Me.,  there  was  a  sufifi-  architect  they  often  entail  heavy  loss,  even 

through    measuring   hoppers    into   a   mixer  cient    amount    to    require    proper    machin-  though  the  changes  appear  to  be  extremely 

and  dumped  from  this  into  tram  c;irs  4  ft.  ery.      The    hoops     for    columns    were    all  trivial.       Take    the    case    of    the    external 

above   the   water.      The    total   expense    for  welded.     The  vertical  bars  were  all  wired  w-alls.     The  owners   furnished  the  w'indow 
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frames  ami  sash,  which  were  all  of  mi-t;il 
The  original  design  was  for  a  frame  with 
iwo  sash,  which  could  easily  lie  pi't  inli> 
a  <i-iii.  wall.  They  later  decided,  fur 
greater  tire  protection,  to  use  four  sash. 
This  required  an  ('■in.  wall  instead  of  a 
»>-in..  and  as  will  he  seen  in  the  picture 
the  form  work  on  the  inside  had  to  be 
built  inward  and  then  the  space  under 
the  windows  paneled  to  save  material.  To 
save  making  a  very  narrow  panel  at  the 
side  of  the  window,  which  would  cost 
more  than  the  concrete  saved,  the  space 
wa>  tilled  up  solid  so  that  the  columns 
appear  to  be  wider  than  they  were  actually 
figured.  This  slight  change,  which  did 
not  appear  great  at  the  time,  when  the 
job  was  entirely  complete  showed  that 
tlie  concrete  on  the  walls  showed  an  .ictual 
loss  instead  of  prolit  and  that  the  form 
work  cost  more  than  twice  what  was  orig- 
inally estimated  that  it  should  cost. 

Regarding  the  tooling  of  wall  surfaces. 
we  originally  planned  to  do  this  when 
the  cement  was  less  than  ten  days  old.  but 
on  account  of  the  various  changes  forms 
had  to  be  left  on  a  considerably  longer 
time  and  it  was  inconvenient  to  tool  the 
surface  until  the  cement  was  so  thoroughly 
set  tJiat  the  cost  of  dressing  was  consid 
erably  greater  than  was  first  anticipated. 
.Xgjiin,  by  reference  to  the  %-in.  maple 
floor  which   was  placed   upon  the  concrete 


Karth  and  Rock  Section 


Note:  I  his  Section  is  devoted  to  methi>ds  ami  costs  of  cxcavatint;  earth  and 
rock  and  huildin):  embankments.  It  will  coxer  the  gradinj;  of  roads  and  rail- 
roads, dikin;.;  and  canal  work,  dredging,  buildin;:  reserMiIrs  an  J  earth  dani», 
sewer  and  water  pipe  trenching,  quarrying,  eti.. 


Reducing  the  Cost   of   Tunnel    Work 
With  Blasting   Gelatine. 

iJuring    the    |).■l^t    ye;ir    lil;i>nMg    gtlainir 
has  been   i:sed   with   great    success   in   tun 
nel   excavation.     One   tunnel    in    particular 
has  demonstrated  its  efficiency. 

In  February.  l!Mi8,  the  contractor.  Mr. 
.\.  K.  Carlton,  started  work  in  tlriving  the 
Cripple  Creek  drainage  tunnel  in  Colo- 
rado. He  worked  Iwo  shifts.  The  rock 
was  a  close  grained,  tough  granite,  being 
hard  to  blast.  Holes  l"  ft.  deep  were 
drilled  2V4  ft.  on  each  side  of  the  center 
line  at  such  an  angle  as  to  make  them 
nearly  meet  on  the  center  line.  In  blast- 
ing heavy  charges  of  fiO  per  cent  gelatine 
dynamite  was  used,  and  it  was  n'.cessary. 
in  some  cases,  to  fire  these  holes  several 
times  in  order  to  cut  out  the  holes.  For 
these  reasons  it  was  found  very  difficult 
to  blast  the  rounds  quickly,  thus  making 
it  almost  impossible  to  drill  down,  fire  and 
throw  back  the  muck  twice  in  21  hrs.     Up 


Location.  T.\HIJ';   VIII. -STEEL.  Welglit. 

Tons. 

Office   building.   Portland.   Xle 324% 

Fire  station.    Weston.   .Mass 8^4 

Mill,     eiiel.sea.     Mass 6i;H 

C(«l    l>in.s.    Ualton.    Mass S^i 

Dam.    Auburn.    .Me .">.! 

Filter.    Warren.    R.    1 19 

Tank.     Lincoln.    Me , Sy, 

Tar   well,   Springfield I.IH 

Ntonument.   Provincetown    24^. 

SIlll.    Greenfield 92% 

Ma<lilne   shop,    Milton.    Mass •. 2014 

Coal    pocket.    Lawrence.    Mass 2S 

Mill.    Southbrldge    .i3^ 

Mill.    S.    Windham.    Me 29.3" 

Mill.    .Mtleboro.    Mass 491* 

Oarage,  Newton.   Mass 20 

.Mill    Soulhhrldge.    Mass 30 

Coal  pocki't.   Hartford.   Conn , 19.1 

Filter.    Lawrence.    Mass 44>^ 

Warehouse.     Portland.    Me G2 

Standpipe.    Attleboro.   Mass 199Vt 

Hlgliest     ■ 

Lowest     

Average    of    21 


Cost  of    Cost   per 

Handling.  Ton. 

J5.115.32  J15.76 

40.26  4.74 

S4S.S1  S.41 

61.75  7.26 

306.76  9.1s 

102.59  5.40 

69.38  8.16 

59.21  3.82 

136.84  3.58 

1.232.01  10.2" 

177.16  S.75 

461.16  16.47 

142.76  2.67 

3.079.60  10.31 

286.02  5.78 
86.55  4.33 

100.03  3.34 
2,316.60  11.88 

112.84  2.54 

462.99  7.47 

1.547.00  7.75 

16  47 

2.54 

s.,-,2 


construction,  a  cost  of  $80.14  per  M.  ft. 
B.  M.  will  be  observed,  and  by  reference 
to  the  details  on  the  back  of  the  card  it 
will  be  seen  that  repairing  floor  cost 
S'.'18.."ii),  or  $I_'.r_'  per  thousand.  This  was 
<lue  to  the  fact  that  the  owners  did  not 
deliver  or  set  the  window  sash  at  Llie  time 
agreed  anil  therefore  the  maple  floors  lay 
exposed  to  the  weather  in  the  building  for 
several  weeks,  swelled  and  after  laying 
shrunk,  leaving  large  cfacks  which  the 
owners  insisted  on  being  filled  before  they 
woulil  accept  the  work.  These  indicate 
how  matters  which  appear  trivial  at  the 
time  may  cause  serious  loss  if  overlooked. 
.As  seen  by  the  large  list  of  items  enter- 
ing into  the  estimate  as  given  by  this  mas- 
ter card,  there  are  various  items  of  cost 
entering  into  the  construction  besides  those 
which    are    enumerated. 


to  the  end  oi  .\ugnsi  the  best  monthV 
work  was  3ol  ft.  uf  uinnel  driving.  It 
was  thought  that  greater  progress  could 
be  made  by  obtaining  a  more  forceful  ex- 
plosive. 

.\t  the  beginning  of  September  it  was 
decided  to  try  llie  use  of  Du  Pont  blasting 
gelatine.  .Accordingly  some  of  the  explo- 
sive was  bought  and  the  holes  loaded  with 
it,  using  the  stime  amount  for  a  hole  as 
had  been  used  of  the  <!i'  per  cent  dyna- 
mite. The  results  were  surprising.  Ev- 
ery pane  of  glass  in  the  engine  hou.se  and 
the  blacksmith  shop,  although  oulsiile  the 
tuimel  entrance  and  almost  M,000  ft.  from 
the  blast,  was  shattered.  Damage  was 
also  done  to  a  il-in.  ventilator  and  C-in. 
air  line  pipe.  The  contraclor  profited  by 
this  experience  ami  after  a  few  trials 
obtained  very  satisfactory  results  by  load- 


ing the  holes  with  from  four  t"  >e\en 
l%xM  in.  cartridges  of  blasting  gilatine 
in  the  |)oints  of  the  holes,  and  six  or 
seven  H4x8  in.  cartridges  of  t!<i  per  cent 
gelatine  dynamite  on  top  of  this  with 
tamping  to  the  face.  The  detonator  or  a 
No.  20  blasting  cap  was  placed  in  the  top 
cartridge  of  the  blasting  gelatine. 

By  using  the  blasting  gelatine  the  cut 
was  taken  to  the  back  of  the  holes  with 
two  shots.  The  first  shot  blew  out  alMiut 
half  of  the  cut  and  broke  Ijack  and  cham- 
berc<l  the  cut  holes  so  a  pocket  was 
formed  where  the  two  holes  came  close  to 
each  other,  large  enough  to  hold  from  l.'i 
to  2<'i  cartridges  of  the  Co  per  cent  gela- 
tine clynamite  for  the  second  shot.  .As 
this  second  charge  was  directly  l>ehind 
the  rock  to  be  removed,  and  the  face  had 
already  been  shot  down,  the  gelatine  dyna- 
mite never  failed  to  bring  down  the  re 
mainder. 

Occasionally  one  cartridge  of  blasting 
gelatine  was  also  used  in  the  p»>int  of  each 
of  the  "relief  cut"  holes,  but  u>ually  a 
charge  of  tio  per  cent  gelatine  dynamite 
was  all  that  these  holes  required.  The 
remainder  of  the  round,  including  side  or 
rib,  top  and  bottom  or  lifter  holes,  was 
charged  with  •">"  per  cent  gelatine  dyna- 
mite. 

When  the  tunnel  was  measured  up  at 
the  end  of  September  it  was  found  that 
353  ft.  had  been  driven  in  2-"i  working  days 
This  was  a  gain  over  the  best  previous 
month's  record  of  about  IT  per  cent.  This 
was  obtained  with  practically  no  increase 
in  cost,  as  the  extra  cost  of  the  explosive 
*vas  oflFset  by  the  reduction  in  the  amount 
used.  We  are  indebteil  to  Mines  and 
Minerals  for  these  data. 


Drilling  Blast  Holes  with  a  Hydraulic 

Giant  and  the  Cost  of  a  Hydraulic 

Fill  Dam. 

We  are  indebted  to  Mr  Donald  F.Camp- 
bell, mining  engineer  of  the  Royal  Societies 
Club  of  London,  England,  and  the  "Mining 
and  Scientific  Press"  for  the  data  upon 
which  the  following  article  on  a  hydraulic 
fill  dam  is  based. 

The  dam  was  built  for  a  sni.ill  re^cr 
of  2,tKKl,(.KiO  gals,  capacity,  and  was  I.. 
in  California.  The  material  for  the  dam 
was  sluiced  into  place  with  a  Xo.  1  giant 
with  2  and  2H-in.  nojzles.  This  giant 
complete  cost  $70.  A  4-in.  centrifugal 
pump  furnished  the  water.  The  water  was 
available  under  a  -10- ft.  head  and  by  means 
of  a  direct-connected  30-11. P.  motor  the 
pressure   was   increased  to  45  lbs.  per   sq. 
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in.     The  consumption    of    water    was   425 
gals,  per  minute. 

The  material  washed  down  was  obtained 
from  the  reservoir  site,  so  as  to  increase  its 
capacity.  The  rock  was  a  decomposed  por- 
phyry. In  order  to  sluice  this  rock  it  was 
necessary  to  Mast  it.  The  method  of  mak- 
ing the  blast  holes  in  the  rock  was  novel, 
as  the  holes  were  bored  to  a  sufficient 
depth  for  blasting  with  the  giant.  The 
blasting  was  done  with  dynamite. 

The  method  adopted  for  making  the  em- 
bankment was  as  follows.  Two  flumes 
were  built  on  the  edges  of  the  dam  site  and 
allowed  to  flow  inward.  In  this  way  the 
gravel  and  sand  were  mixed,  and  the  fine 
material  had  a  tendency  to  collect  at  the 
middle  of  the  dam,  while  the  coarse 
formed  a  good  protection  to  the  outside  of 
the  dam.  The  embankment  was  made  ex- 
ceptionally wide,  so  that  the  capacity  of 
the  reservoir  could  be  increased  at  a  later 
date.  The  resulting  dam  was  well  packed, 
and  the  natural  deposition  of  the  fine  ma- 
terial in  the  center,  and  coarser  stuflf  on 
the  outside  only  required  a  slight  riprap- 
ping  on  the  upper  slope  to  complete  an 
economic  and  sufficient  dam.  The  embank- 
ment contained  7,600  cu.  yds. 

Work  was  continued  about  15%  hrs.  each 
day  and  the  job  was  finished  in  80  days 
with  5  to  7  men  working  with  one  team. 
Thus  about  31,020,000  gals,  of  water  were 
pumped,  equal  to  about  156,000  cu.  yds.  of 
water,  to  excavate  and  transport  7,000  cu. 
yds.  The  volume  of  material  moved  was 
about  5  per  cent  of  the  volume  of  the  wa- 
ter. For  each  4,175  gals,  of  water  pumped 
1  cu.  yd  of  earth  and  rock  was  excavated 
and  put  into  place.  For  each  kilowatt  of 
power  consumed  about  2,100  gals,  of  wa- 
ter was  pumped.  In  addition  3,200  lbs.  of 
dynamite  was  used  in  blasting. 

The  foreman  was  paid  $3.00  and  the  la- 
borers $2.25  per  day.  Electrical  power  was 
paid  for  at  the  rate  of  $60  per  H.  P.  per 
year,  and  40  per  cent  dynamite  cost  13  cts. 
per  lb.    Teams  are  rated  at  $5.00  per  day. 

The  total  cost  of  the  work,  exclusive  of 
general  expense  and  any  charge  for  plant 
was  as  follows ; 

Foreman    $   240.00 

Laborers    10,080.00 

Team   400.00 

Power    3-JVGO 

Dynamite    41G.()0 

Incidentals   138.40 

Total   $2,600.00 

The  cost  per  cu.  yd.  was  as  follows : 

Foreman    $0,031 

Laborers 0.142 

Team    0.052 

Power   0.042 

Dynamite    .__  0.055 

Incidentals   .'  0.020 

Total $0,342 

To  have  done  this  work  witli  scrapers 
would  have  meant  that  with  the  materials 
used  a  power  embankment  for  holding  wa- 
ter would  have  resulted  and  the  porphyry 
would  have  quickly  ruined  the  pans  of  tlic 
scraper. 


Roads  and  Streets  Section 


Note :  This  Section  is  devoted  to  methods  and  costs  of  road  and  street  con= 
struction.  It  will  cover  road  building  in  all  its  details,  the  construction  of 
pavements,  sidewalks  and  gutters,  the  testing  and  use  of  paving  materials  and 
the  machinery  and  tools  used  in  road  building  and  paving. 


Examination  of  Tars  for  Use  on  Roads. 

.At  the  recent  International  Road  Con- 
gress at  Paris,  France,  one  of  the  ques- 
tions upon  which  was  concentrated  the 
most  acute  discussion  and  which  brought 
out  tlie  sharpest  diversities  of  opinion,  was 
the  use  of  coal  tar  in  connection  with  the 
surfacing  of  roads  in  order  to  prevent 
wear  and  suppress  dust.  The  congress 
finally  adopted  a  resolution  approving  the 
use  of  tar  when  properly  laid  under  fav- 
orable conditions.  In  our  issue  of  Oct.  14, 
1008,  we  published  an  article  on  the  use 
of  tars  as  dust  preventives,  giving  methods 
of  analysis  and  tentative  specifications  for 
their  use.  The  matter  was  taken  from  a 
bulletin  of  the  U.  S.  Office  of  Public 
Roads,  and  may  be  assumed  to  be  the 
present  practice  in  the  United  States.  In 
England,  considerable  advance  has  been 
made  in  the  treatment  of  roads  with  tars, 
and  in  a  recent  issue  of  The  Surveyor,  of 
London,  England,  Clayton  Beadle  and 
Henry  P.  Stevens  describe  some  of  the 
methods  employed  for  the  examination  of 
tars  for  use  on  roads.  We  have  reprinted 
the  article  as  follows : 

The  custom  of  applying  tar  to  the  sur- 
face of  roads  for  the  abatement  of  the 
dust  nuisance  has  become  so  general  that 
an  inquiry  as  to  the  best  sorts  of  tar  for 
the  purpose  should  lead  to  results  of  con- 
siderable value.  The  word  "tar"  for  the 
purpose  wc  have  in  view  comprises  not 
only  a  number  of  grades  of  coal  tars  hav- 
ing qualities  rendering  them  more  or  less 
suitable  for  application  to  road  surfaces, 
but  also  materials  from  totally  difl'erent 
sources  and  of  different  chemical  compo- 
sition. There  is  in  the  first  place  the 
crude  coal  tar,  which  is  a  by-product  in  the 
manufacture  of  coal  gas;  enormous  quan- 
tities of  this  are  produced  yearly  in  this 
country.  In  the  London  district  alone 
about  4,000,000  tons  of  coal  are  destruc- 
tively distilled  annually  for  the  purpose  of 
making  coal  gas,  and  yield,  say,  about  40,- 
000,000  gallons  of  tar.  A  very  large  pro- 
portion of  this  is  worked  up  for  the  man- 
ufacture of  a  variety  of  chemicals,  includ- 
ing carbolic  acid,  solvent  benzine,  the  coal- 
tar  dyes,  and  a  number  of  pharmaceutical 
preparations,  in  addition  to  which  tliere  are 
a  number  of  applications  for  the  crude  tar, 
including  its  use  as  an  antiseptic,  for  the 
manufacture  of  lampblack  for  treating 
timber  and  for  tarring  felt.  Its  use  for 
tarring  roads  is  quite  a  recent  application, 
and  seeing  that  the  quality  required  would 
be  very  considerable,  even  if  it  became  the 
custom  to  make  use  of  it  for  main  roads 


only,    it    is    worth    noting    that    there    is    a 
very  considerable  supply  to  draw   upon. 

Crude  coal  tar  is  an  oily  liquor  heavier 
than  water,  the  specific  gravity  lying  as  a 
rule  bet  wen  11  and  12.  The  composi- 
tion of  the  tar  will  depend  upon  the  qual- 
ity of  the  coal  from  which  it  is  prepared, 
and  the  temperature  at  which  it  is  distilled, 
and  therefore  crude  tars  from  different 
districts  may  be  expected  to  differ  in  com- 
position and  consequently  in  suitability  for 
application  to  roads. 

Ther^  also  passes  over  with  the  tar  in 
the  process  of  distillation  a  quantity  of 
finely  divided  carbon.  This  carbon  collects 
with  the  tar,  so  that  it  is  always  found 
in  the  latter.  The  proportion  of  this  con- 
stituent is  of  some  importance  in  respect  to 
the  suitability  of  the  tar  for  our  purpose, 
as  will  be  seen  later.  Similar  tars  are 
also  obtained  from  blast  furnaces,  coke 
ovens,  etc.  In  addition  to  the  crude  tars 
we  have  freed,  refined  or  prepared  tars, 
which  are  obtained  from  the  crude  tars 
by  a  preliminary  distillation  treatment.  The 
price  of  these  latter  is  not  nece.ssarily 
greater  than  the  crude  tar,  as  certain  of 
the  constituents  removed  in  this  prelimi- 
nary treatment  have  a  higher  commercial 
value  than  the  remainder. 

Coal  tar  collects  in  the  gas  works  in  a 
long,  shallow,  semi-circular  trough,  termed 
the  hydraulic  main,  and  with  it  there  con- 
denses a  considerable  amount  of  watery 
liquor  containing  ammonia  and  other  sub- 
stances. The  crude  tar  is  always  contam- 
inated with  some  of  this  liquor,  whiqh  is 
separated  as  completely  as  possible  before 
subjecting  the  tar  to  distillation.  It  is  ob- 
vious that  this  distillation  process  will  free 
the  tar  from  the  finely-divided  carbon 
which  will  remain  behind  in  the  still,  the 
higher  boiling  constituents  of  the  tar  will 
also  be  found  in  the  residue  in  the  still, 
so  that  the  refined  tar  prepared  by  this  dis- 
tillation process  consists  of  certain  ingredi- 
ents only  of  the  original  crude  tar.  It  is 
more  fluid,  its  density  is  lower,  and  it  is 
free  from  insoluble  matter,  points  which 
render  it  altogether  more  suited  for  tar- 
ring roads  than  the  original  crude  sub- 
stances. 

In  addition  to  coal  tars  there  are  oil- 
gas  tars  which  are  obtained  from  certain 
petroleum  residues  and  finally,  special  com- 
positions of  unknown  origin,  but  usually 
one  of  the  above  which  have  been  placed 
on  the  market  for  the  purpose  of  road 
tarring. 

In  selecting  a  suitable  tar,  choice  should 
be  made  of  one  (a)  which  is  capable  of 
rapidly  penetrating  the   road   surface      (&) 
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uhicli  l>iiid«  firmly  togi-ilicr  the  top  layer 
of  road  surface  down  to  a  depth  of,  say. 
3  in.  or  -1  in.,  and  (c)  which  dries  quickly 
so  that  the  road  can  be  used  for  traftic 
soon,  it  not  inniiediately  after  the  applica- 
tion of  the  tar  uiihuul  "pickinK  up"  and 
sticking  to  the  whel.s  of  vehicles  (KissiuK 
over  it. 

OUTLINL    OF    E.\PERI.\IK.\TAL    WORK. 

In  making  a  study  of  a  number  of  dif- 
ferent tars  on  the  market,  tlie  forenoiiig 
points  have  been  borne  in  mind,  and  our 
experiments  have  been  conducted  on  the 
following  lines  with  a  view  to  tleterniining 
the  relative  advantages  of  the  different 
grades  as    found  on  the   market. 

(1)  The  tars  were  cxaminetl  to  see  if 
they  contained  any  considerable  percent- 
age of  ammoniacal  liquor.  This  later  is 
formed  at  the  same  time  as  the  tar  and  col- 
lects in  the  hydraulic  main  of  the  gas 
works,  and  consequently  all  crude  tars  will 
contain  a  cirtain  proportion  of  this  liquor. 
There  is  no  reason  to  suppose  that  the 
ammoniacal  liquor  should  have  a  very  det- 
rimental effect  on  tar  when  used  for  road 
laying,  but  a  strong  and  disagreeable  odor 
would  be  given  off  when  the  tar  is  heated, 
and  even  at  ordinary  temperatures  the  ta-. 
when  spread  on  a  surface,  gives  off  am- 
moniacal compounds,  and  possesses  a 
strong,  although  not  necessarily  disagree- 
able, smell. 

(2)  The  rate  at  which  a  thin  lay<^  of 
tar  dries  when  exposed  to  the  air  was 
determined.  Experiments  were  made  at 
ordinary  temperatures  (50  degrees  to  60 
degrees  Fahr.),  and  what  may  be  de 
scribed  as  summer  temperatures,  say,  80 
degrees  to  00  degrees  Fahr  The  surface 
of  the  road  in  summer  sunlight  would 
probably  often  exceed  this  latter  figure. 
The  loss  of  weight  due  to  volatile  constitu- 
ents was  also  determined,  and  the  condi- 
tion and  ccnsistency  of  the  dried  surface 
noted. 

(•'!»  The  rate  of  drying  of  the  tar  when 
mixed  with  sand  was  determined.  Equal 
quantities  of  fine  silver-sand  were  weighed 
out  into  metal  trays  and  equal  quantities 
of  the  tars  were  poured  on  to  the  sand, 
the  rate  at  which  the  tar  penetrated  the 
sand  was  noted,  and  also  the  rate  at  which 
the  mass  of  sand  and  tar  dried  and  the 
consistency   of  the   dried   residue. 

(4)  The  rate  at  which  the  hot  tars 
might  be  expected  to  penetrate  the  road 
surface.  This  of  course  might  be  pot  at 
by  determining  the  viscosity  of  the  tars  in 
one  of  the  usual  forms  of  apparatus  de- 
signed for  this  purpose,  such  as  a  vessel 
of  a  certain  capacity  provided  at  the  bot- 
tom with  an  orifice  of  standard  dimensions, 
the  lime  l.nken  for  the  material  to  flow 
out  through  tlie  orifice  being  a  measure  of 
the  viscosity.  Crude  coal  tar,  however, 
would  be  very  likely  to  block  the  small 
orifice  owing  to  the  finely  divided  carbon 
in  suspension,  and  we  consider  the  follow- 
ing method  we  have  adopted  more  practi- 
cal  as   more   closely   resembling   the  condi- 


tions in  wl'.ich  the  tar  is  to  be  used.  Wc 
determined  the  capacity  of  the  tar  for 
penetrating  the  road  surface  by  pouring  an 
equal  quantity  of  each  tar  on  to  a  porous 
earthenware  slab.  The  time  taken  for  the 
"wetness"  to  disappear  from  the  surface 
was  noted,  and  any  portion  of  the  tar 
which  remained  unabsorbcd  on  the  surface 
was  scraped  off  and  weighed,  so  that  an 
estimate  could  be  made  relatively  as  to 
what  propoition  would  remain  on  the  sur- 
face of  the  road,  and  what  proportion 
would   penetrate   beneath   the   surface. 

MATERI.ALS    EXAMINED. 

The  samples  of  tars  included  in  this 
series  of  experiments  may  be  grouped  in 
the   following  classes : 

Crude  gas  tars   I,  2,  3  and  4. 

Blast   furnace  tar   5. 

Freed,     refined      or     prepared 

tars    tj,  7,  8  and  9. 

Oil-gas   tar    10. 

Special  composition  for  dust 

laying    11. 

Under  crude  gas  tars  are  included  gas 
tars  which  have  apparently  undergone  no 
purification  treatment ;  the  blast  furnace 
tar  was  a  similar  untreated  tar;  the  freed, 
refined  or  prepared  tars  were  gas  tars 
which  had  probably  been  subjected  to  a 
single  distillation  process;  the  oil-gas  tar 
was,  we  were  given  to  understand,  a  petro- 
leum residue,  and  therefore  different  alto- 
Kether  in  composition  from  tlic  foregoing. 
Finally,  tlie  special  composition  for  dust 
laying  was  not  examined  chemically  with  a 
view  to  identifying  its  composition. 

TESTS     AND     RESULTS     OBTAINEH. 

We  will  now  proceed  to  describe  the 
difference  in  behavior  of  these  various 
tars,  when  examined  under  the  conditions 
already  specified. 

1.  As  v,as  expected,  the  crude  gas  tars, 
particularly  (1),  (2)  and  (4),  contained  a 
considemble  quantity  of  ammoniacal  gas 
liquor  mixed  with  the  tar,  other  samples, 
particularly  (3).  (ii)  and  (8),  gave  off  a 
small  amount  of  alkaline  vapor  on  heating. 
The  presence  of  much  ammoniacal  gas 
liquor  mixed  with  the  tar  might  prove 
troublesome  on  account  of  the  strong  odor 
given  off  when  the  tars  are  heated,  but 
otherwise  we  do  not  think  they  should  be 
rejected  on  this  account.  The  crude  tars, 
however,  have  other  disadvantages,  which 
will  appenr  later. 

2.  When  dried  down  in  a  thin  layer  at  a 
temperature  of  80  to  !M>  <legrees  Fahr,  the 
following  figures  show  the  percentage  loss 
of  weight   with   the  different   tars: 

(1)     -'i>.'. 

(2)  -'7.0 

(3)     20.4 

(4)     17.fi 

(r>)                               ...  7.8 

(0>     -'.i.o 

(7)    2(5.1 

(8)     ...15.1 

(9)     .14.4 

flO)     26.2 

(in     34.9 


In  the  i-.i>r  .)!  the  crude  tars  1  I  1,  cJ) 
and  (3),  the  loss  of  weight  is  probably 
largely  due  to  moisture  and  ammoniacal 
vapor.  With  regard  to  the  rate  of  drying 
and  the  consistency  of  the  surface  after 
drying,  these  are  difficult  to  express  numcr 
ically,  but  the  following  short  remarks 
may  give  some  information  on  these 
points : 

(1)  Surface  no  longer  sticky,  but  readily 
lakes  the  impression  of  the  finger. 

(2)  A  liitle  stiflfer  than  So.  I. 

(3)  Inclined  to  be  sticky  and  to  adhere 
to  the  finger  when  pressed. 

(4)  Surlace  rather  sticky  and  adheres 
to  the  finger ;  inclined  to  be  stilt  fluid. 

(5)  Surface  inclined  to  be  sticky  but 
not  fluid. 

(6)  Surface  no  I.iiiL'or  sticky,  but  stiff 
and   dry. 

(7)  Sticky  on   surlace   and   rather   fluid. 

(8)  Surface  sticky  but  not  fluid. 

(9)  Surface  slightly  sticky  and  inclined 
to  be  fluid. 

(10)  Very  fluid  and  shows  little  signs 
of  drying. 

(11)  Surface  slightly  sticky  and  inclined 
to  be  fluid. 

3.  When  poured  on  sand  the  tar  is  ab- 
sorbed at  different  rates,  according  to  its 
consistency.  After  drying  for  twenty- four 
hours  the  mass  may  be  soft  or  firm.  The 
list  below  gives  some  details  on  these  two 
points : 

(1)  .Absorption  slow,  but  mass  after 
drying  very  hard  and  stiff. 

(2)  -Absorption  fairly  rapid  and  mass 
fairly  stiff. 

(3)  .Absroplion  slow,  but  mass  fairly 
stiff. 

(4)  .Absorption  very  slow,  but  mass  fair- 
ly stiff. 

(5)  Absorption  very  slow  indeed :  even 
on  long  standing  the  tar  did  not  seem  to 
have  been  thoroughly  absorbed  b\  the 
sand. 

(6)  .Absorption  very  rapid  and  mass 
moderately  stiff. 

(7)  Absorption  very  rapid  and  mass 
rather  soft. 

(8)  Absorption  rather  slow  and  mass 
fairly  stiff. 

(9)  .Absorption  rather  rapid  and  mass 
rather  stiff. 

(10)  .Absor|iti'>M  iminicli;iic  Imt  111:...^ 
very  soft. 

(11)  Absorpti'iii     l.iiri)     r;ijMii    .tiM    iiiji^s 

moderately   stiff. 

4.  In  these  experiments  equal  quanti- 
ties of  the  tars  were  poured  upon  porous 
porcelain  slabs ;  the  results  obtained  are 
given  in  three  columns.  Column  1  gives 
the  time  required  for  the  wet  appearance 
of  the  tar  to  go  off  from  the  porous  sur- 
face, colunni  2  gives  the  percentage  of  tar 
remaining  on  the  porous  surface,  and  col- 
umn 3  gives  the  percentage  of  tar  which 
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has  penetrated   into   the  porous  tile.     This  unsuitable  for  the  purpose,  would  be  given  must  not  be   forgotten  that  the  amount  of 

latter   figure   may  be  described  as  percent-  the  preference  on  tbe  score  of  convenience  moisture  in  a  road  would  luake  all  the  dif- 

age  penetration:  and  economy.     On   the  other   hand,  where  ference    to    the     amount     of     penetration; 

Time.         Residue.        Pene-  more   than   one   source   of   supply   is   fairly  therefore    penetration    in     any     road     will 

tration.  readily    available,    it    would    appear    to    be  vary   unless   the  surface  is   uniformly  dry, 

,,                ,    ,        ,.       .            roof            ITC  ^'^11    worth    while    making    a    trial    of    as  as  well  as  uniform  in  other  respects.     The 

(1)    1    lir.    1-)  mm.         56%          ■i'Vo                                 ,          ,      .      ?                     ,  ,  .,.  ,                 ,       ,,      , 

,                            ,,.                   .-}.;>«           rjgc/  many   as   can   be    olitamed   at    a    moderate  penetrabnity      of      tar      should      be     great 

^,     '           1    1  ■    1'                     8'?'           92%  ''°^''  '"  order  to  ascertain  the  best  adapted  enough    to   insure    sufficient   penetration    at 

,,,                 ,   ,       ,-                    ,-c/           \ocr/  for  the  purpose.  all  points  and  under  all  conditions,  other- 

(4)      1   br.    I.J  nun.         4170           0070                        r     «•  r 

(•5)                  Over   2   hrs.         37%           63%           T'le    sample   of   blast-furnace   tar   is   oh-  wise  a  marked   unevenness   may   residt. 

((j-j                           2-")  min.         21%           '■9%  viously    wholly    unsuitable    on    account    of  There     is     a     further     important     point 

(7^    1,-,   ,i,i„         100%  it-'^    I'lck    of    penetrating    power    and    large  which    should   engage   the   attention   of   tbe 

(g\                          38  „)in.        35%           65%  proportion    of    residue     unabsorbed    by     .i  chemist — namely,      the      difficulty      arising 

(t)^                  ].5 20    min.        33%           67%  porous  medium.  from   the  poisoning  of   streams  and   other 

(10)    .")  min.        —             100%           We  now  come  to  the  group  of  refined  or  watercourses     when     the      surface     water 

(11)    4  min.         29%           71%  prepared   tars,    Nos.   ti   to    0.      Their   pene-  from  freshly  tarred  roads  flows  into  them. 

The  material  left  on  the  surface  and  not  trative  power  is  much  greater  than  any  of  The    constituents   removed   by   water   from 

absorbed  bv  the  tile  is  of  a  stickv  nature.  th<-  previous  samples  except  No.  2.  No.  7  the  fresh  tar  possess  antiseptic  qualities, 
and  consists  apparently  to  a  large  extent  of  "'ould  appear  to  be  the  best  both  as  re-  and  in  consequence  are  of  actual  service  in 
fineh-divided  carbon.  This  finelv-divided  gards  penetration  and  residue  left  on  the  flushing  of  drains,  etc.,  but  they  are  de- 
carbon  is  contained  in  dl  crude  tar,  and  road  surface,  which  latter  is  practically  c.dedly  harmful  to  fish  life,  and  may  do 
therefore,  as  might  be  expected,  the  sam-  «'^-  It.  however,  does  not  dry  well,  and  niuch  harm  to  the  riparian  owner. 
pies  of  crude  tar  and  the  blast-furnace  tar  leaves  a  rather  soft  mass  when  mixed  with  Some  tars  contain  large  quantities  of 
leave  a  considerable  amount  of  material  sand.  No.  0  is  decidedly  preferable  to  No.  these  harmful  substances,  whereas  others 
on  the  surface.  No.  3  is  an  exception,  tlie  "  '"  these  latter  respects,  its  penetration  is  are  comparatively  free  from  them.  In  such 
amount  of  residue  beintf  exceptionally  fairly  higJi  and  the  residue  left  on  the  districts  where  the  surface  water  is  likely 
small  for  a  crude  tar,  surface    comparatively    small.     Nos.   8    and  to  reach  streams,  etc.,  where  harm  may  re- 

tt  mav  be  mentioned  that  samples  (2)  ^  resemble  No.  6,  but  hardly  come  out  so  suit,  a  tar  free  from  these  harmful  sub- 
and  (6)  are  from  the  same  source,  sam-  well.  Sample  (I'M,  which  is  a  petroleum  stances  should  be  made  use  of. 
pie  (6)  was  therefore  probably  prepared  residue  product,  somewhat  resembles  No.  if  ^^^  comes  into  very  extensive  use  for 
from  sample  (2),  and  it  is  worthy  of  note  ''■  ''"^  its  power  of  penetration  is  even  ti^g  surface  of  roads  it  may  be  found  nec- 
that  tbe  crude  tar  (sample  2)  penetrates  greater.  On  the  other  hand,  it  remains  essary  to  look  for  fresh  supplies.  The  sup- 
practically  as  readily  as  the  sample  of  pre-  At""^'  ■''"<'  shows  no  sign  whatever  of  dry-  pijgs  from  gas  works  are  somewhat 
pared  tar  (No.  6)  obtained  from  it.  Not  '"§'  "P  c>r  hardening.  It  would  appear,  clashc,  because  when  tar  is  very  cheap  a 
only  are  the  times  required  for  absorption  therefore,  that  it  would  possess  no  power  great  amount  is  used  for  firing  the  re- 
of  the  tars  practically  the  same,  but  the  to  bind  together  the  road  surface,  al-  torts,  but  apart  from  this  source  of  sup- 
residues  left  on  the  porous  tiles  were  about  thougli  on  the  other  band,  it  might  prove  pi^  ^.^  ii-.^.g  t^at  obtainable  from  blast 
the  same  in  amount.  The  large  propor-  ''  ^''r^'  erhcient  dust  layer.  Similarly,  the  furnaces,  coking  ovens,  producer  gas, 
tion  of  residue  left  by  (G),  (8)  and  (0)  special  composition  No.  11  docs  not  dry  ^ond  gas  plant,  etc.,  so  that  no  scarcity 
inclines  one  to  doubt  whether  these  sam-  readily,  although  much  superior  to  No.  10  ,-,^^(1  h^  anticipated  on  the  score  of  its  use 
pies  were   really  prepared  by  a   distillation  '"    this    respect.     It    lias    great    penetrative  for   road   purposes. 

process    at    all.     Tbe    rapidity    with    which  power,  but  contains  a   fairly  large  percent-  

they  penetrate  distinguishes  them  from  the  -ige  of  material  which  might  be  expected  ,\  recent  consular  report  states  that  ex- 
crude  tars,  in  which  the  penetration  is  to  remain  on  the  surface  of  the  road.  periments  were  made  at  Genoa,  Italy,  some 
usually  slow.                      ^                                             The    road   expert    after   a    few    years   of  few  months  ago,  with  a  view  of  testing  the 

We   now   have   the  material   from   which  experience   on   tarred   roads   will   better   be  adaptability  of  re-enforced  concrete  in  the 

important  conclusions  can  be   drawn  as  to  able  to  form  an  opinion  upon  the  require-  construction  of  barges  or  lighters   for  use 

the    suitability    of    any    particular    tar    for  ments    of    tar    for    road    work.     Tlius     it  in  that  Italian  port  in  the  handling  of  coal 

our  purpose.  does  not  follow  that  a  tar  that  completeh  and  other  merchandise.     Contrary  to  what 

-\  sample  of  crude  tar.  such  as  No.  1,  penetrates,  leaving  nothing  on  the  surface.  was  expected,  states  the  report,  these  light- 
which  would  slowly  penetrate  the  surface  is  the  best  for  the  purpose.  --\  certain  ers  were  not  a  success.  It  was  found  that 
of  the  road,  might  be  expected  to  leave  half  amount  of  surface  coating  is  desirable,  in  they  did  not  possess  the  necessary  elas- 
its  weight  as  a  sticky  deposit  on  the  sur-  fact,  is  probably  indispensable,  if  sand  ticity  to  resist  the  bumping  and  squeezing 
face,  and  it  is  obviously  not  the  best  is  to  be  spread  upon  the  surface  after  the  to  which  they  were  often  subjected  when 
adapted  for  tarring  roads.  Sample  i-i)  is  tar  is  applied.  On  the  other  hand  a  proper  alongside  or  between  steamers  engaged  in 
almost  as  bad.  samples  (2)  and  (3)  are  amount  of  penetration  is  of  equal  impor-  discharging  cargo.  After  a  short  trial, 
better  adapted,  particularly  sample  (2),  on  tance.  as  the  tar  is  to  be  a  liinding  material  during  which  it  was  found  that  the  con- 
account  of  its  rapid  penetration,  while  the  as  well  as  a  dust  layer.  No  doubt  diff^er-  crcte  was  badly  broken  or  cracked,  be- 
quantity  of  residue  left  on  the  surface  is  ences  of  opinion  would  arise  on  these  and  cause  of  this  non-elasticity,  their  use  was 
not   excessive.     It  also   shows  good   drying  other    points    in    different    localities.     The  discontinued. 

powers  and  yields  a   fairly  stiff  mass  with  kind   of   rn;id.  as   well   as   tbe   amount   and  

sand.  nature  of  tbe  traiific,   would   largely   deter-  Governor    Prouty    of    Vermont    has    ap- 

Of  the    four   samples   of   crude   tars,   we  mine  the  mode  of  applying  the  tar,  as  well  proved   the  legislative   bill    for   the   forma- 

should  certainly  give     preference  to  No.  2.  as  tlie  amount  of  tar  ncded,  but  neverthe-  tion  of  a  state   forestry  commission.     The 

It  is  really  surprising  that  crude  coal  tars  less   the   nature   of  the   tar    can   be    ascer-  commission    will    consist   of    five   members, 

should   show    such    differences   in   behavior  tained  by  applying  tests  as  above  recorded  including  the  governor  and  the  director  of 

under  like  conditions.  from    which    the    surveyor    can    form    bis  tbe    state    experiment    station.     The    com- 

No    doubt,    in    most     cases     where     the  opinion    when    his    choice    lies    between    a  missioners    are   to   «erve    without    pay,   but 

crude    tar    is    employed    on   the    roads    the  number  of  samples.  the  bill  provides   for  the  employment  of  a 

local    gas    works     furni.shes     what    is     re-           In    drawing   any   conclusion    from    pene-  forester  at  a  salary  of  not  over  $2,500  per 

quired,  and  the  local  tar.  even  if  relativeix  tration     tests     made     in     the     laboratorv     it  vear. 
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Unclassified  and  (jcneral  Articles 


Note:  This  section  is  devoted  to  methods  and  cost  articles  on  construction 
work  not  propiTl\  coniin);  under  an\  i)f  the  prcccilinj;  clussilicalions. 


Water-Works     Valuation     and     Fair 
Rates  in  the  Light  of  the  Maine 
Supreme   Court  Decisions  in 
the  Waterville  and  Bruns- 
wick Cases. 
(Ciincliuli'd   from  p.   l.j,  Jan.  li  issue.) 

SOME     Sir.NIFICANT     RULINnS     I'lMN     THK     All- 

MIS<iriLITV     OF     EVIIIKNIK     IIV     THE     .M'- 

I'K.MSEKS   IN   THE   I'0KTL.\.N1)    (M.MNE) 

W.\TER-\VORKS    VALfATION    CASE. 

In  the  course  of  the  trial  in  the  Portland 
water-works  valuation  suit,  some  impor- 
tant questions  of  general  interest  in  water- 
works valualinn  were  ruled  upon  by  the 
tribunal,  and  in  view,  not  only  of  the  mag- 
nitude of  the  case — which  covered  the  valu- 
ation of  the  plants  of  the  Portland  Water 
Company,  the  Standish  Water  and  Supply 
Company,  the  Gorham  Water  Company, 
the  Foreside  Water  Company,  and  the 
Prcsumpscot  Water  Power  Company,  and 
amounted  to  nearly  $1,0110,00(1 — but  also  of 
the  excellence  of  this  tribunal  (which  was 
made  up  of  Judge  Albert  R.  Savage,  of 
the  Supreme  Court  of  Maine,  the  writer 
of  the  Waterville  and  Brunswick  opinions 
and  Chairman  of  this  Bo^rd  of  .\pprais- 
crs;  Judge  I'Vederick  A.  Powers,  recently 
retired  from  the  Supreme  Bench  of  Maine, 
who  had  previously  sat  as  Chairman  in 
the  Waterville  and  in  the  Livermorc  Falls 
cases,  and  had  participated  in  the  Water- 
ville and  Brunswick  decisions ;  and  Cnited 
States  Marshal  Henry  W.  Mayo,  who  had 
himself  previously  served  upon  water- 
works appraisal  boards),  it  may  be  of  in- 
terest to  quote  the  more  important  of  these 
rulings,  which  may  be  assumed  to  he  in- 
dicative at  least  of  the  probable  attitude  of 
the  Supreme  Court  of  Maine  upon  the 
points   in   question. 

These  rulings  covered  the  question  of 
admissibility  of  evidence  upon  the  fol- 
lowing  issues : 

1. — Expert  testimony  on  "going  concern" 
value,  "franchise"  value,  and  total 
value  of  works.  Excluded,  except  upon 
purely  technical  questions  involved. 
- — Need  and  cost  of  reinforcement  of  dis- 
tribution pipe  system.  .Xdmitted. 
•V— Selling   prices  of   water  company   stock 

as  tending  to  show  value.    Excluded. 
4— Depreciation,   as   based   upon   or   meas- 
ured   by    the    substitution     of     another 
equally    efficient    or    different    structure 
lo   do   the   work   of   the   existing   struc- 
ture.      Excluded,     except     as     bearing 
upon  relative  efficiency  of  the  plant. 
The  trial  of  the  last  three  Maine  water- 
works valuation  suits,  which   were  all  con- 
ducted on  behalf  of  the  several  municipal- 
ities   by    the    linn.    Herbert     M      Heath,    of 


\ugusta,  and  were  unique  in  American 
annals  of  such  cases,  in  that  he  argiicd 
successfully  against  the  admission  of  any 
testimony  upon  the  total  value  of  the  prop- 
erty of  the  water  company  by  the  experts 
or  engineers,  holding  that  in  valuing  the 
properly  as  a  whole  the  expert  was  usurp- 
ing the  functions  of  the  tribunal ;  that 
expert  testimony  was  admissible  only  in 
so  far  as  it  dealt  with  facts  or  matters  of 
I'pinion  beyond  the  ability  of  the  layman 
10  grasp  without  expert  assistance;  and 
that  valuation  implied  a  thorough  knowl- 
edge of  value  standards,  a  knowledge  of 
the  law  as  well  as  of  engineering  prin- 
ciples or  theories,  since  valuation  was  a 
mixed  question  of  fact,  judgment,  and  the 
law,  therefore  must  be  made  always  with 
a  full  knowledge  of  the  law  upon  such 
cases.  The  appraisers  in  all  these  cases 
(Kittery,  Livermore  Falls,  and  Portland) 
sustained  this  contention,  as  appears  in  the 
first  ruling,  quoted  later.  These  rulings 
are  the  only  examples  of  such  a  ruling  in 
water-works  valuation  in  America  that 
have  thus  far  come  to  the  attention  of  the 
writer.  The  experts  only  testified  as  to 
engineering  facts,  principles,  and  costs,  and 
not  as  to  property  values  or  the  elements 
thereof.  In  each  case,  however,  the  en- 
gineers assisted  counsel  in  the  preparation 
of  the  necessary  tables  and  data  upon  val- 
uation, which  thus  went  into  the  argu- 
ments, instead  of  being  presented  in  testi- 
mony. The  plan  here  followed  would  ap- 
pear lo  have  some  advantages,  and  it 
seems  likely  to  be  tried  elsewhere  unless 
exception  should  be  taken  to  the  ruling, 
be  carried  up  to  the  full  bench,  and  there 
be  upset  on  the  broad  ground  of  expedi- 
ency.   .\bstracts  of  the  rulings  follow : 

[The  abstracts 'occupy  !•  pages  and  are 
omitted. — Editor.] 

EFFORT      TO      ELIMINATE,       IN       WATER-WORKS 

VALIDATION,     THE     VALUE     OF     FRANCHISE 

ANE    OTHER     RIGHTS    ACQIIREI)     BV 

LEGISLATIVE    GRANT. 

With  the  growing  recognition  of  the 
rights  of  the  public,  and  the  obligations, 
as  well  as  the  rights  of  public  service  cor- 
porations, has  come  the  endeavor  on  the 
part  of  the  public  lo  retain  for  itself,  in 
granting  authority  to  operate  quasi-nuinic- 
ipal  corporations,  any  values  that  may  de- 
velop directly   from  the.sc  grants. 

Thus  Massachusetts  has  sought  to  elim- 
inate the  element  of  franchise  value  in 
water-works  valuation  by  express  provision 
in  the  Charter  or  Incorporation  .\ct  of  the 
Companies,  covering  this  point ;  hence  in 
the  Haverhill,  Newburyport,  and  Glouces- 
ter cases  (as  in  the  Kansas  City  case), 
franchise     considerations     were    eliminated 


and   the    works    were   appraised    upon    the 
basis    of    their     value    to     the     purcl, 
rather   than   to   the  sellers,  as   is  pr>',: 
for  in  the  Maine  rulings. 

.\  somewhat  similar  situation  is  found 
in  England,  a>  outlined  in  the  report  of 
the  London  County  Council  n()on  the 
"Water  Supply  of  London,  and  a  Bibliog- 
raphy of  the  Principal  Reports  and  Pa- 
pers on  the  Subject,  Together  with  a  Spe- 
cial Report  by  the  Comptroller  of  the 
Council  on  the  Fin.iiui.il  V-tn.i^  i.f  ibi- 
Purchase  ' 

E.N'GLISH      rRt<  EHENT      For      KKMRKIl.M,      IHK 

VALl'ATION   OF  THE  rRA.N'L'HISE  ASH  OTHEII 

RIGHTS    ACgi'IREU    IIV    GRANT. 

[The  2M  pages  quoting  various  ads  arc 
omitted.— Editors.  J 

The  valuation  of  the  London  companies 
appears  10  have  been  based  upon  a  consid- 
eration of: 

1- — The  dividend  being  earned  by  them 
upon  the  capital  stock  of  the  company 
which  is  restricted  rigidly  to  actual 
cash  investment ;  allowance  being  made 
for  a  10%  dividend  from  the  time  of 
incorporation  of  the  company,  provid- 
ed the  income  of  the  company  justified 
this  return. 
2. — The  probable  continuity  of  and  growth 

in  future  income. 
3.— The  character  of  the  plant  and  of  the 
service     furnished     and     the     probable 
needs  of  the    future. 
4- — The  eflfect  of  the  sinking  fund,  sterili- 
zaiinn,  and  other  similar  clauses  under 
which   the  companies  were  operating. 
5. — A  I\4%  allowance  for  cost  of  reinvest- 
ment and  other  costs. 
As  stated  by  the  Comptroller,  the  com- 
pany's works  were  valued  upon  a  basis  of 
their   value   to   the   vendor,   rather   than   to 
the    purchaser;    upon    the    "perpetual    exis- 
tence   of    the    companies,    and    apparently 
upon   the  adoption   of   an   average   of   the 
past  ten  years  as  a  starling  point  for  their 
valuation." 

The  Comptroller  further  observes  that 
he  doubts  "whether  sufficient  weight  had 
been  attached  in  the  recent  arbitrations  to 
the  large  expenditure  on  capital  account 
wliicb  will  be  required  at  no  distant  date." 
It  is  also  interesting  to  note  that,  as  in 
the  recent  Maine  cases,  "the  Court  ruled 
that  the  question  of  the  value  of  the  un- 
dertaking was  a  matter  for  the  Court,  and 
his  evidence  (the  witness')  was  therefore 
limited  to  facts  concerning  the  condition 
of  the  company's  works  and  plant." 

It  is  impossible,  within  the  limits  of  this 
paper,  to  discuss  in  detail  the  awards  in 
the  London  cases,  but  those  particularly 
interested  in  this  subject  will  find  the  re- 
port of  the  London  County  Council,  re- 
ferred to,  well  worth  perusal. 

.SOME   RECENT    AWARDS    IN    NEW    ENGLAND,    IN 
WATER-WORKS    VALUATION     CASES. 

Table  4,  though  more  or  less  fragmen- 
tary, may  be  of  casual  interest  to  the  read- 
er,  particularly   if   he   is    familiar   with   the 
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works.  Without  a  fair  knowledge  of  local 
conditions,  it  is  not  safe  to  generalize  from 
figures  of  this  kind.    Particular  attention  is  (14) 

called   to    the    fact    that   no    deduction    has  (15) 

been  made  from  tlie  net  annual  income  to  (16) 

cover  depreciation  or  interest  upon  fi.xed 
charges,   and   similarly   in   determining   the  (IT) 

ratio  of  net  income  to  award,  this  ratio  is 
determined   from   the  approximate   net  an-  (18) 

nual  income  exclusive  of  depreciation  and 
interest  charges   as   shown.  (19) 

Notes  to  Table  4. —  (20) 

(1)  Estimated   from   Census.  (21) 

(2)  Charles   F.    Parks'   estimate   of    fu- 
ture   income,     including     estimated         *(22) 
hj-drant   rental. 

(3)  Normal    for    1902,    estiraa-.e   of   e.x-  (23) 
pert  for  companj'. 


$31,-380.      Amount     given     includes 
12%  per  cent. 
Town  experts'  estimate. 
Exclusive  of  3,000  at   University. 
Average   of  company's  experts,  af- 
ter  deducting  depreciation. 
Average  of  city's  experts  after  de- 
ducting depreciation. 
Bulk  of  water  used  at  Navy  Yard 
for  manufacturing. 
$10,346  less  depreciation. 
(?) 

E.xclusive  of  service  pipes,  hydrant, 
and   drinking   fountains. 
Inclusive  of  service  pipes,  hydrant, 
and  drinking  fountains. 
Exclusive      services,     etc..      Water 
District    experts'    estimates. 


(Editorial).  Engineering  Nezcs^  No- 
vember 2,   1905. 

"The  Appraisal  and  Depreciation  of 
Water  Works,"  Wm.  H.  Bryan.  Jour- 
nal, Association  of  Engineering  Soci- 
eties,  December,   1907,   p.   336. 

"Estimating  the  Cost  of  an  Electric 
Plant"  (Translated  from  the  Ger- 
man). Journal.  Franklin  Institute, 
May,   1908. 

"The  Depreciation  of  Factories,  Mines 
and  Industrial  Undertakings  and  their 
Valuation,''  Ewing  Matheson.  Pub- 
lished  1893,  by  Spon  &  Chamberlain. 

"Planning  the  Execution  of  a  Contract 
for  a  Dam ;  the  Methods  Used,  To- 
gether with  some  Notes  and  Com- 
ments   on    the    Plant    Needed    and   the 


Table  IV. — Some  Recent  Awards  in  New  England  in  Water-Works  Valuation-  Cases. 


Date  of 
of  taking. 


June  12,1887 

Oct.,        ISS.i 

1898 

1901 

1902 


July 
July, 
Jan.  1 

Jan.  1 

Dec, 

Jan.  1 
July, 
Oct., 
Jan.  1 


1903 
1,    1903 
1903 


1904 
1904 
1905 
190.5 
1906 

1906 

1907 
1907 

1907 

1908 


Name. 


Year  of 
original 
construc- 
tion. 


Braintree,  Mass 

Gloucester,  Mass 

Fulton  &  Oswego  Falls.N.Y. 
Newmarket,  N.  H 


Dover  and  Foxcroft-.  Me. 


Gardner,  Mass 

Gardiner,  Me 

Waterville,  Me 

Brunswick.  Me 

.\ugusta.  Me 

Athol.  Mass 

Amesbury.  Mass 

No.  Conway,  N.  H, .     . 

Ithaca,  N.  Y. .  . 

Derry.  N.  H.. 
Kittery.  Me.. 

Ivivermore  Falls.  Me.  .  . 

Portland,  Me.: 

Portland  Water  Co.. 


Gorham  Water  Co. .  .  . 

Foreside  Water  Co. . .  . 

Standish   Water  and 
Constr.  Co 


1887 


1877  (?) 


1884 

1872 

1891 
1902 

1899 

1868 
et  seg. 

1895 

1906 

1886  and 

earlier. 


Popula- 
tion. 


4,300  (1) 
28,211 


1.800 
3.600  (1) 

11,700  (1) 

7,380  (1) 

17,600 

6.930 
12,100  (1) 
7.196 
8,840 
1 .700(12) 

18,000(15) 

4.500 
3,000(18) 

3,142 

45.600 

2,500 

1,500 

28,600 


$250,000 


300.000 


1      81,000 
I      66.000 

ll, 425 .500 

58,300 


Reproduction 

cost. 
Approximate. 


Deprecia- 
tion 
to  date. 


$165,000-00  (5) 

132,000-00  (7) 
368.546.00  (S) 
288.776  00  '7) 
130 .455(24) (7) 


$35,854  (7) 
32.400 
61.800 
18.529  (7) 


206 ,386  00 
205,573-00 

35,300  00(13) 
551,575  00(16) 
322,793-00(17) 

80 .87-8 -06 
102.510-25 

85,394-36 


1.525,476.00(21) 

1,685,696,00(22) 

67,000-00(21) 

71 ,9(iO. 00(22) 

70,400,00(21) 

71,920  00(22) 

931,500  00(21) 

1,024.120-00(22) 


39,253  (7) 
46  ,521 
8.100(14) 


12.750 
2,200 
(    3.455(20) 
\    1.800 

656,694(23) 

84,609  (8) 

5,856(23) 

4,504  (8) 

649(22) 

212  (8) 

233.394(23) 

35,014  (8) 


c  6-0  \ 


C        s  O  " 


i  =x 


~.S  ^ 


$10,750  (2) 


11,340 
5,100 
(   7,057  (3) 
I    7,500  (4) 
(13,700  (6) 
(20,000 

15.556 

32,700  (9) 

34,580 

15,000(25) 

31,000 

17,000 

13,000 
3.700 

40,750 

7,399 
10.786(19) 

!  9,364 


147,055 


2,291 


0 

[64,200 


Award. 


S  159.610.44 
600.500-00 
172.500-00 
83,000,00 

}  135,659-31 

j  274,00000 
245.000.00 


503,475,37 
196,162.09 
427,135-20 
316,500  00 
265,000  00 
62,000-00 

658.000-00 

125.500  00 
163,869.00 

117,698.00 


2,539,235  00 


1.313.798.00 


Award 

per 
capita. 


$37-12 
21  29 


46.11 
37.70 

23.42 
33-20 


28-58 
28.31 
35-29 
43-99 
29.98 
36  46 


36  56      [ 

27,89 
54.70(18) 

37-46 


51  20 


45-94 


to 


.2  5 

oi  C 


1.66     J 

1,85 

1.37 

1-74 

1-24(24) 

15 

1.53 

1-29 

1.76 

1.19     ) 

2.04      ( 

1.55 

1.60 

1.38 


1  53 


1  41 


g2  =  fe 


o 


o—  b  S  u 
c      S^  c^ 


6.7 


6.6 
6.2 
5.2 
5.5 
5.0 
7.3 
6.4 
6.5 
6  9 
7-7 
7-3 
5.4 
4.9 
6  0 


5.9 
6.6 

8.0 


5-9 


4.9 


Average  of  column 

Average  based  upon  totals. 


$36.40* 
37.52 


1.64 
1.50 


t6-2 
t5.9 


•Excluding  Fulton  and  Oswego  Falls. 


tExcluding  Gloucester. 


(4)  Anticipated  for  1903,  estimate  of 
expert    for   ccmpany. 

(5)  Finding  of  Commission  after  de- 
ducting depreciation  on  value  of 
physical  plant,  exclusive  water 
rights,  street  franchises,  and  going 
concern  value. 

(6)  Finding  of  Commission  on  fair  net 
or  divisible  income. 

(7)  F.   C.  Coffin,  expert  for  town. 

(8)  William  Wheeler,  expert  for  com- 
pany. 

(9)  Estimated  by  Water  District  Engi- 
neers. 

(12)  Exclusive   of    large    summer    popu- 
lation. 

(13)  Agreed  reproduction  cost  exclusive 
of    engineering    and    contingencies 


(24)  Agreed  reproduction   cost   by   engi- 
neers, $158,389.40. 

(25)  Average     net     revenue,     hVz    years, 
$14,434.40. 
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CONCLISIO.S. 

It  seems  unnecessary  to  attempt  a  re- 
capitulation of  the  matters 
in,  as  the  length  of  this  an. 
ceedcd  intended  limits,  and  as  only  com- 
paratively few  directly  interested  in  water- 
works valuation  and  fair-rates  cases  will 
be  likely  to  scan  these  lines.  The  paper 
was  prompte<l  by  the  desire  to  submit,  i"r 
discussion,  by  members  of  this  sociel>,  the 
method  outlined  herein  of  applying,  in  wa- 
ter-works valuation,  the  vital  principle  t  r 
gauge  of  fair  rates — "the-worth-of-thc- 
service-to-tlie-consumer,"  so  admirably  laid 
down  by  Judge  Savage  in  the  Brunswick 
decision  destined  to  be  much  quoted,  and 
to  exercise  a  large  influence  in  water-works 
valuation  and   rating  cases  in  the   future. 

It  is  not  suggested  that  the  method  dis- 
cussed and  iUuslTated  herein  is  the  only 
correct  method,  or  the  final  criterion  of 
value  or  that  it  is  the  interpretation  which 
the  Supreme  Court  of  .Maine  would  put 
upon  its  own  ruling.  It  furnishes, 
ever,  another  standard  for  water 
valuation  and  for  the  determination  of  fair 
rates— perhaps  a  more  tangible  and  ra- 
tional one  than  some  that  have  been  used 
in   the   past. 

.As  applied  to  works  which  have  been 
seriously  over-capitalized  to  cover  .up  ex- 
cessive earnings,  it  will  bear  heavily :  to 
capital  actually  and  prudently  invested  in 
the  property,  it  will  afford  ample  protec- 
tion. 

To  old  anU  oulgruwn  works  which,  not 
content  with  dividing  the  real  earnings  of 
the  company — and  failing  to  recognize  and 
provide  for  the  inevitable  depreciation  re- 
iiultiiig  from  lapse  of  time,  long  service  and 
other  conditions — have  actually  divided  up 
the  plant  in  dividends,  it  will  result  in 
present  loss  to  an  over-greedy  corpori'  • 
To  the  prudent  and  well-managed  con., 
and  to  new  capital  seeking  opportunity  for 
inveslment  in  public  service  works,  it  will 
give  added  safety  and  be  attractive. 

In  conclusion,  the  writer  desires  to  make 
grcateful  acknowledgment  of  his  obligation 
to  Messrs.  .Allen  Hazen,  William  Wheeler, 
Harrison  P.  Eddy  and  Charles  W.  Sher- 
man, members.  .Am.  Soc.  C.  E..  for  friend- 
ly suggestions  upon  this  paper,  and  to  the 
Hon.  Herbert  M.  Heath,  of  Augusta, 
Maine.  Corporation  Counsel,  for  permis- 
sion to  make  use  of  his  arguments  in  the 
Maine   case   cit'  ' 

During  the  past  year  440.8  miles  of  pub- 
lic highway  improvements  in  Minnesota 
were  completed.  The  total  cost  of  road 
work  done  under  st.ite  aid  was  $213,960. 
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A  System  of  Collectiag  Cost  Data  With 

Particular  Reference  to  a 

Sewer  Contract. 

The  system  of  collecting  cost  data  here- 
in explained  is  that  used  by  the  Moore- 
Mansfield  Construction  Company  and  the 
Mansfield  Engineering  Company,  associ- 
ated   companies,   maintaining   an   engineer- 


largely  to  estimating  and  cost  record  de- 
partment of  the  organizations,  to  prepare  a 
system  which  may  be  used  uniformly 
through  their  work  and  which  may  be  used 
for  the  different  character  of  the  work 
done,  with  only  minor  changes  and  modifi- 
cations,  for   each  job. 

The    essential    and    fundamental    feature 
of   the   system   depends   upon   the   form    of 


the  left  liand  side  of  the  front  appears  the 
time  sheet  in  the  usual  form.  Tliis  time 
sheet  is  arranged  so  that  it  may  be  used 
for  a  gang  reporting  time  weekly,  and  is 
also  used  where  the  time  sheet  is  turned  in 
each  day,  in  which  latter  case  the  lines 
under  the  column  dates  are  ignored  and 
the  time  placed  in  the  total  hour  column. 
On    the    left    hand    side    appears    first    the 


Prom                                Tn. 

S 

l^nr. 

1 

Time  Keepers' 
Check  Column 

EC    .  .  . 

No. 

Name 
See  instructions 

Dates 

Total 
Hours 

Rate 

Total 

Amount 

A 

c 
o 

1 

s 

W 

B 

so 
c 

ID 
V 

c 

D 

w 

CO 

E 

1 

c 

c3 

F 

K 

C 

G 

(1) 

H 

5 
■«! 

m 
6 

I 
d 

3 

m 
d 

J 
c 

s 

a 

3 
O 

X 

K 

L 

M 

i 

c 

Dates  or  Hours 

Brought  Fordard 

' 

!i 

1: 

OS 

7 

8 

9  10 

1112 

1    2 

3. 

5    6 

A 

F 

C 



— 

— 

Totals 

Total  Hours 

Total  Nearest  Dollar 

Signed 

Total  Cement  Used  (Bags) 

Fig.    1 — Front    View   of   Time    Sheet — (Actual   Size  of  Sheet 


ing  designing  and  general  contracting  office 
at  Indianapolis,  Indiana.  The  character  of 
the  work  done  by  them  covers  almost  the 
entire  field  of  engineering  and  architectural 
construction  and  it  has  been  the  effort  of 
their  Mr.   Moore,  who  gives  his  time  very 


the  time  sheet  used  (see  Fig.  1,  front  view 
of  time  sheet,  and  Fig.  2,  back  view).  The 
time  sheet  is  folded  when  in  use  by  the 
timekeeper  and  carried  in  a  cover,  making 
the  same  of  book  size,  and  practically  the 
same  form  as  the  ordinary  time  book.     On 


Is  8'/2x10   Ins.) 

timekeepers  check  column.  The  instruc- 
tions to  the  timekeeper  on  the  back  of  the 
sheet  (Fig.  2)  are  probably  sufficiently 
clear,  although  it  might  be  added  that 
where  the  time  sheet  is  used  as  a  weekly 
report,  ns   is  generally  the  case,  where  the 
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(;aiiK  i>  Aiiiall  ur  whi-ri-  ihc  wurk  is  uiiiin- 
portaiit,  (he  time  is  chcckeil  and  divided 
by  mcaii^  i>t  the  four  squares  under  each 
date  and  opposite  each  name,  each  square 
thus  represenliuu  c)ne-fourth  of  a  day.  In 
the  case  of  the  time  sheet  as  ilUistrated.  the 
di>triliutioi)^  >ho\vn  are  for  a  sewer  jol) 
and  the  particular  dislrilmtions  recpiired  are 
shown  printed  in  by  means  uf  a  rubber 
stamp.  Kach  distribution  thereby  for  this 
job  shows  a  particular  key  letter  although 
the  same  letter  may  not  mean  the  same 
thing  on  any  two  jobs,  but  reference  is 
made  111  the  rublier  stamp  lieading  on  each 


checks  are  made  until  this  man  changes  the 
nature  of  his  occupation,  which  we  will  as- 
suine  is  done  at  lii::)U,  in  which  case  a 
check  is  made  in  the  bottom  sipiare  under 
the  ten  hour  column.  Suppo^e,  in  this 
case,  the  man  change-,  his  work  to  distribu- 
tion C.  indicating  back  till.  This  distribu- 
tion is  then  carried  until  we  assume  that 
the  man  changes  his  time  again  at  •'<  P.  M., 
which  is  indicated  by  the  Hth  coUimn,  and 
the  letter  F  indicates  that  he  has  been 
placed  upon  the  concrete  gang,  and  we  will 
assume  that  he  so  continues  imlil  the  com- 
pletion  of  the   (l.iy       r.>    even   a   caMial   ob- 


thc  dates  when  the  cement  was  used  and 
where  used.  On  the  right  hand  side  a 
complete  report  of  the  job  is  given.  The 
manner  in  which  this  is  done  is  apparent 
from  the  form  given;  but  especial  attention 
is  called  to  the  fact  of  the  opportunity  to 
check  up  current  work  with  past  work;  and 
also  to  compare  the  total  amount  of  work 
done  to  date.  The  items  are  printed  in  the 
same  order  by  rubber  stamps  in  the  item 
coltmm  the  same  as  they  appear  upon  the 
reverse  side  of  the  sheet  under  the  distribu- 
tion. If  the  timekeeper  is  unable  or  not 
competent  to  make  a  report  of  the  amount 
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c<jntract  to  determine  llie  meaning  of  such 
letter. 

In  the  case  of  the  daily  report  of  a  job 
in  the  timekeeper's  check  column,  each 
principal  column  under  the  "Dates"  is 
counted  as  two  hours  or  each  single  column 
is  counted  as  one  hour.  I'.ach  small  s(|uare 
opposite  each  name  in  such  column  indi- 
cates a  thirty  minutes  check.  By  this 
means,  automatically  a  man's  time  is 
checked  by  thirty  minute  intervals  extend- 
ing over  a  fourteen  hour  day.  In  using  a 
checking  system  of  this  idea,  it  is  not  neces- 
sary to  write  the  letter  indicating  the  dis- 
tribution in  each  square.  Suppose  that  in 
the  first  square  in  the  first  column,  a  man 
is  checked  in  at  7  :flO  as  working  on  exca- 
vation, distribution  A:  no  further  letters  or 


servance  of  this  man's  time  Iit  the  day,  it 
is  evident  that  he  spent  .'1%  hours  upon 
back  fill  (l.iking  an  hour  for  noon),  and 
assuming  that  the  gang  quit  at  <>:'>"  P.  M. 
that  he  spent  .'I  hours  upon  concrete,  mak- 
ing a  ten  hour  day.  This  system  has  been 
found  to  work  ^alisfactorily,  either  upon 
a  weekly  report  basis  or  upon  a  daily  re- 
port basis,  and  being  used  uniformly  on  all 
contracts,  whatever  the  size  of  the  job  or 
the  character  of  the  work,  the  office  work 
has  been   greatly  simplil'ied. 

On  the  back  of  the  time  report  are 
shown  all  of  the  matters  ordinarily  appear- 
ing in  the  life  of  any  contract.  .\  com- 
plete car  report  is  made;  also  items  of  ex- 
pense and  amount  of  cement  used.  In  the 
latter  case,  the  opportunity  is  also  given  for 


of  work  accomplished,  one  of  the  super- 
vising engineers  co-operates  with  him  to 
secure  this  infonnation,  so  that  the  report 
may   be  a  complete   one. 

In  the  matter  of  the  office  work,  com- 
plete pay  rolls  are  prepared  from  the  time 
sheet  side  and  the  cost  of  the  work  is 
posted  in  the  cost  record  book.  This  cost 
record  book,  however,  is  not  essential,  but 
only  as  a  matter  of  permanent  record,  as 
the  sheets  themselves  show  total  cost  to 
date  at  all  times  of  each  item  of  work. 

This  form  of  timekeeping  would  be  of 
value  because  of  the  system  of  uniformity 
aloue,  even  if  no  regard  were  given  to  the 
other  features  mentioned,  although  the 
above  companies  using  this  report  are 
satisfied  that  they  are  scctiring  more  valu- 
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able  data  by  this  form  than  they  would 
have  ever  been  able  to  do  by  previous  forms 
used.  The  value  of  the  uniform  time  sheet 
lies  in  the  education  of  the  timekeepers,  re- 
sulting in  a  more  efficient  working  force. 
Under  the  old  system  with  individual  time 
sheets,  prepared  especially  for  each  job,  the 
form  of  the  time  sheets  were  many  and 
various,  and,  for  this  very  reason,  time- 
keepers presumed  to  incorporate  their  own 
ideas  and  make  changes  and  innovations, 
resulting  in  a  bunch  of  data  that  required 
hours  and  generally  the  personal  attendance 
of  the  timekeepers  to  work  out  and  reduce 
to  any  satisfactory  understanding. 

Passing  from  the  time  sheets.  Fig.  1  and 
2,  pay  rolls,  Fig.  3,  and  the  cost  record 
book,  the  next  feature  of  the  system  of  in- 
formation or  cost  data  consists  of  progress 
charts.     These,    of   course,   will   vary   with 
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any  job  according  to  the  character  of  same 
and  as  they  are  used  by  nearly  every  large 
construction  company,  it  will  only  be  neces- 
sary to  say  that  blue  prints  are  prepared 
(generally  blue  line  prints)  upon  which  the 
timekeeper  is  able  to  color  in  the  work 
completed  each  day  of  the  week,  marking 
dates  thereon  and  turning  such  charts  into 
the  office.  These  progress  blue  prints  thus 
form  a  permanent  record  of  the  progress 
of  the  work  and  also  form  the  basis  for 
the  determination  of  the  amount  of  work 
accomplished  from  time  to  time. 

In  connection  with  these  progress  charts, 
however,  Mr.  Moore  has  a  unique  summary 
progress  chart  upon  which  is  carried  for- 
ward and  maintained  a  continuous  record 
of  the  job,  the  information  being  obtained 
from   the  summary  report  on  the  back  of 


the  time  sheet,  and  one  of  these  summary 
progress  charts  is  shown  by  Fig.  4.  The 
essential  idea  of  this  summary  progress 
chart  is  to  have  at  all  times  a  condensed, 
complete  history  of  the  work,  not  so  much 
with  reference  to  the  detail  unit  cost  of 
each  item  of  work,  but  more  especially  with 
reference  to  a  comparison  between  the  es- 
timated total  cost  and  the  actual  total  cost. 
This  comparison  allows  an  intelligent  idea 
to  be  made  of  the  portion  of  the  work  done, 
and  indicates  at  once  whether  the  actual 
cost  is  less  than  the  estimated  cost  or  ex- 
ceeds sSme.  The  general  form  of  this  sum- 
mary sheet  is  a  standard,  but  of  course  will 
vary  with   each   job   as   to   the   number  of 


to  be  handled  corresponding  to  such  length. 
The  estimated  cost  is  then  platted  in  dol- 
lars, the  total,  however,  being  made  to  cor- 
respond with  the  50%  line  in  the  percentage 
column. 

Now,  as  the  work  proceeds,  the  actual 
cost  is  platted  on  the  same  scale  as  the  esti- 
mated cost  and  shows  at  all  times  the  rela- 
tive proportion.  No  matter  what  the  total 
length  of  the  job  or  the  total  length  to  be 
handled,  if  the  scale  upon  which  same  is 
platted  is  so  made  that  the  length  corre- 
sponds with  the  100%  line,  the  general 
manager  is  able  to  tell,  at  all  times,  just 
where  any  one  section  of  the  job  stands. 
For  instance,  the  chart  used  for  section  A 
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items  making  up  the  complete  contract. 
Referring  to  Fig.  4,  the  chart  illustrated  is 
being  used  in  connection  witli  the  sewer 
contract  before  mentioned,  and  a  brief  de- 
scription will  be  given  of  the  manner  of  the 
use  of  this  chart.  In  this  case,  the  sheet  is 
ruled  so  as  to  cover  two  classes  of  work 
only ;  namely  excavation  and  concrete.  Un- 
der each  one  of  these  headings,  the  first 
column  is  a  percentage  column.  In  using 
the  sheet,  the  length  of  the  section  is 
platted  in  the  column  marked  length  so 
that  the  complete  length  corresponds  to  the 
100%  line;  the  same  is  done  with  the  esti- 
mated amount  of  cubic  yards  of  material 


of  the  sewer,  above  mentioned,  the  100% 
line  equals  in  the  length  column  1,265  ft.= 
•3,186  yards=an  estimated  cost  of  $733.00, 
the  latter  point  being  opposite  the  50% 
line.  Now,  for  instance,  on  the  first  day  of 
August,  the  actual  feet  of  sewer  con- 
structed was  colored  in  the  length  column 
as  about  610  ft.,  immediately  upon  the  per- 
centage scale  line,  we  see  that  this  amounts 
to  about  47%,  and  in  the  yardage  column, 
this  gives  us  1,.550  yards.  Upon  the  esti- 
mated cost  scale  the  amount  to  be  expended 
for  this  amount  of  work  was  about  $.375.00. 
As  an  actual  fact  in  the  case  mentioned, 
the  actual  cost  to  the  date  corresponded  ex- 


J;iiui;tr\    13.    n/otj. 


ENGINEERING-CONTRACTING 


4> 


actly  u>  the  amount  of  $375.00.  At  once. 
by  casual  observation,  the  general  manager 
or  Mipcrinlcndent  is  alilc  to  tell  from  very- 
meagre  information  just  where  the  job 
stands,  (jiven  the  length,  the  cubic  yards 
and  estimated  cost  for  the  section  may  be 
read  otT  the  chart  and  the  actual  cost  com- 
pared. If  the  record  is  made  in  number  of 
cubic  yard?,  and  so  plaltcil,  the  correspond- 
ing length  ma)  be  read  olT.  In  either  case, 
the  percentage  of  completed  work  may  be 
compared  with  the  percentage  representing 
the  actual  cost  and  thus  in  turn  compared 
with  the  percentage  indicating  the  estimated 
cost. 

The  chart  is  also  of  great  value  on  any 
section,  especially  where  the  work  is  of  a 
character  that  it  is  continuous  in  its  opera- 
tion and  continuous  in  the  repetition  of 
certain  units  of  work  in  that  the  timekeep- 
ers or  superintending  engineers  can  read 
directly  from  the  chart  the  data  necessary 
to  coniplete  the  report  of  work  done  on  the 
reverse  side  of  the  time  sheet. 

In  the  particular  chart  shown,  various 
lines  were  also  drawn  for  unit  cost  so  that 
at  various  times  during  the  progress  of  the 
work,  the  fluctuating  unit  cost  might  be 
readily  compared.  This,  however,  is  not 
essential,  and,  in  fact,  it  is  but  seldom  used. 

In  connection  with  the  particular  sewer 
job  referred  to  above  in  as  much  as  the 
sewer  itself  was  of  various  sizes  and  to  be 
built  under  varying  conditions,  the  general 
progress  blue  print  was  made  as  shown  by 
Fig.  5.  Attention  is  called  to  the  fact  that 
each  individual  size  of  the  sewer  or  change 
of  conditions  is  indicated  as  a  section  and 
all  reports  arc  made  upon  the  basis  of  such 
sections.  Where  the  general  character  of 
the  work  is  the  same,  and  the  work  is  to 
be  handled  by  the  same  methods,  a  letter 
is  used  as  indicating  a  general  division  and 
lumicrals  added  to  indicate  the  sub-sections. 

The  costs  of  work,  however,  and  amount 
of  work  accomplished  arc  kept  by  sections 
and  sub-sections,  so  that  when  the  job  is 
completed,  the  cost  of  each  size  sewer  un- 
der the  conditions  met  with,  can  be  readily 
determined.  In  the  particular  case  men- 
tioned, the  principal  item  being  excavation, 
concrete,  or  pipe,  the  summary  progress 
charts  as  just  described  are  only  kept  on 
these  particular  items  of  work,  although 
the  miscellaneous  items  of  work  always  ap- 
pear ami  are  carried  forward  upon  the  time 
sheets  distribution  and  reports  of  work 
(lone. 

The  particular  contract  referred  to  above 
consists  of  about  seven  miles  of  mam 
sewer,  of  which  four  miles  is  all  concrete 
construction,  three  miles  of  pipe  work,  and 
there  is  also  some  four  miles  of  miscel- 
laneous pipe  work,  making  in  the  aggre- 
gate eleven  miles.  The  same  system  of 
cost  recording  is  being  used  at  this  time  to 
keep  in  tab  with  the  construction  of  bridge 
work,  the  construction  of  a  boulevard,  em- 
bankment work,  and  also  for  the  construc- 
tion of  several  reinforced  concrete  build- 
ings. 


LETTERS  TO  THE  EDITORS. 


Cost  of  a  Concrete  Culvert. 

Sirs;  1  tind  auiuii^  my  ric^rdi  the  fol- 
lowing cost  of  putting  in  concrete  under 
unfavorable  conditions.  Perhaps  it  may 
prove  of  interest.  Owing  to  inaccessible 
location  and  small  amount  of  concrete  ( M8 
cu.  yds. )  no  plant  was  installed  and  work 
was  done  entirely  by  hand.  The  structure 
was  a  <louble  3x3  culvert,  with  a  20-ft. 
manhole  near  the  center,  for  the  outlet  to  a 
small  reservoir.  The  location— Big  Morn 
Mountains,  Wye— was  38  miles  from  the 
nearest  railroad  and  the  base  of  supplies, 
and  was  at  a  5,300- ft.  higher  altitude,  with  a 
very  bad  wagon  road  connecting  the  two 
points.  Prices  and  wages  were  as  follows : 
Hauling,  town  to  site,  per  100  lbs. .  .$     1.00 

l-al)or,  per  day,  10  hours 3.00 

Team,  wagon,  driver,  per  day,  10  hrs.      COO 

Fireman,  per  month 110.00 

Lumber,  per  M  at  mill M.OO 

Lumber  hauling,  per  M 8.00 

Cement,  per  bbl.,  delivered 7.0(i 

The  sand  was  hauled  M  mile.  There 
was  no  gravel  of  any  kind  in  the  country, 
and  the  only  stone  procurable  was  a  very 
hard  granite  boulder  or  spawl,  which  was 
collected  with  wagons  and  broken  by 
sledges ;  hence  high  cost  of  same.  The 
concrete  was  mixed  1-3-6,  using  1  bbl.  of 
cement  per  cubic  yard.  About  4,(X)0  ft. 
B.  M.  were  used  for  forms,  the  entire 
structure  being  encased  inside  and  out. 
Mixing  and  placing  concrete  was  done  en- 
tirely by  hand,  with  a  small  gang  of  inex- 
perienced men.  The  excavation,  391  cu. 
vds.,  cost  $3(>3.')0  =  $0.03  per  cu.  yd.,  most- 
ly pick  and  shovel  work.  The  concrete 
work  cost  as  follows  :  Per 

Total,      cu.  yd. 

Lumber   $     fOjAr,    $  0.60 

Tools,    tent,    etc.,    13%    of 

cost  chg'd  119.50        0.11 

Carpenter  work   124.13        0.8.S 

Sand  and  stone 510.86        3.45 

Cement,    mixing   and    plac- 
ing concrete   1,516.59       10.26 

148  cu.  yds.  cost $2,357.53    $15.25 

There  were  $104.22  worth  of  tools  on 
hand  to  credit  to  above  cost.  The  work 
was  done  in  10O.">.     Yours  truly. 

W.   S.  McFirrRii^E. 
M.  .Am.  Sec.  C.  EL 

(;re.nvill.-.    P.i  ,  IVr    II.   IPOS 

Deduction'    of     Space    Occupied    by 
ji  Street  Railway  Rails  in  Measur- 
ing Up  Paving. 

Sirs :  .\  (luestion  has  arisen  between 
this  firm  as  engineers  ami  a  firm  of  con- 
tractors, in  reference  to  the  proper  meas- 
urement of  the  square  yards  in  a  street 
job  on  which  there  are  four  street  car 
rails.  Is  it  customary  to  deduct  for  the 
space  occupied  by  the  rails  or  not? 

Dec.  9,  19«)8.  E.nc.i.neerinc  Companv. 


'  It  is  not  ruMomary  to  deduct  for  rails 
or    for   .  lU   under   3x3   ft    s<4uare. 

unless     -;  Ml     stipulatetl     in     the 

specifications. —  Editors. ) 

The  Use  of  Cost  Data  for  Measuring 
the  Economy  of  Work. 

Sirs :  One  sentence  in  your 
on  the  Panama  Canal  work  ( 1- ;  . 
Dec.  30.  1908,  p.  44.3)  attracted  my  atten- 
tion, the  one  where  you  say :  "The  most 
im|>ortant  function  (of  cost  data)  is  to 
furnish  (the  contractor)  an  accurate 
means  of  measuring  the  economy  with 
which  work  is  being  done." 

Some  years  ago  while  I  had  charge  of 
the  construction  work  of  the  Clinch  Val- 
ley Division,  Norfolk  &  Western  R.  R.,  the 
practice  of  one  of  the  contracting  firms, 
Messrs.  McGann  &  Stewart,  was  to  keep 
the  time  account  of  every  piece  of  work 
separate;  this  embraced  gangs  in  c('  -- 
of  open  excavations,  tunnel  excavaii 
bench  and  heading,  foundation  excava- 
tions of  all  kinds,  masonry  of  all  kinds, 
clearing  and  grubbing,  in  fact.,  all  work 
incident  and  connected  with  railroad  con- 
struction. 

Supplies  of  all  kinds — this  included  pow- 
der, dynamite  and  fuse — were  charged  to 
the  gang  using  them,  as  was  also  black- 
smith and  other  work. 

This  method  required  that  the  time  of 
a  man  should  be  charged  to  the  particular 
work  he  happened  to  be  engaged  upon,  in- 
stead of  the  very  usual  way  of  keeping  his 
time  generally,  no  matter  where  he  was 
engaged.  A  laborer  might  appear  on  the 
p.iy  roll  a  dozen  times,  if  he  worked  on 
that  many  jobs  during  the  month,  but  this 
was  not  often  the  case. 

.\t  the  end  of  the  month  the  labor  items, 
supply  and  other  items  would  be  tabulated, 
and  then  the  exact  cost  of  each  piece  of 
work  ascertained.  On  a  large  railroad 
contract,  of  course,  the  main  work  is  ex- 
cavation, and  there  can  be  as  many  as  a 
hundred  or  more  gangs  engaged  on  "cuts," 
oftentimes  one  at  each  end.  working  to- 
wards the  center.  Usually  the  material 
is  the  same;  that  is.  the  character,  be  it 
earth.  loose  or  solid  rock,  is  the  same. 

On  the  work  in  question  the  resident 
engineers  were  permitted  to  give  the  con- 
tractor the  itemized  quantities  of  each 
piece  of  work;  ibis,  in  conjunction  with 
the  contract  prices,  gave  the  amount  the 
contractor  receive<I  for  each  separate  piece 
of  work  from  the  railroad  company. 

A  comparison  of  these  amounts  with  the 
contractor's  expense  would  tell  him  at  a 
glance  which  gang  was  making  or  losing 
money,  and  a  little  investigation  would 
usually  show  where  the  fault   lay. 

Of  course  the  contractor  was  not 
obliged  to  furnish  his  expense  to  the  en- 
gineers of  the  railroad  company,  but  the 
latter  couhl  keep  their  own  "force  ac- 
count" and  thus  arrive  at  a  pretty  close 
approximation   of   cost    for   their   own   in- 
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formation.  In  this  connection  it  is  inter- 
esting to  state  that  the  writer  conld  close- 
ly approximate  the  forthcoming  monthly 
estimates  by  merely  multiplying  tlie  whole 
nimiber  of  "days  worked"  during  the 
month  on  any  job  by  a  constant  or  factor 
obtained  by  experience. 

Yours  truly, 
E.MiLE  Low,  M.  Am.  Soc.  C.   E. 
finfi   .\shland   Ave.,   Buflfalo,   X.   Y..   Jan.   1, 
lOnO. 


Amount    of    Materials    Required    for 
Cement  Sidewalk  Construction. 

Sirs :  I  notice  that  you  have  a  table 
(Engineering-Contracting,  Nov.  4,  1908) 
'sliowing  quantities  of  cement  and  other 
materials  required  in  cement  sidewalk 
construction.  Could  you  give  us  a  similar 
table  showing  a  1-2-4  mixture  for  founda- 
tion ;  also  a  table  on  curb  and  gutter 
(6x14  ins.  curb  and  24  ins.  gutter)  com- 
bination, as  shown  in  the  accompanying 
sketch?     Yours  truly. 

F.   D.   H-XRVKV. 

Birmingham,  Ala.,  Jan.  2,  1909. 

(  By  using  the  tables  of  mortar  and  con- 
crete quantities  given  in  "Concrete  Con- 
struction— Methods  and  Cost,"  by  Gillette 
and  Hill,  or  any  other  mortar  and  con- 
crete tables  that  may  be  preferred,  the  data 
requested  by  our  correspondent  or  similar 
data  for  any  other  mi-xture  are  readily 
computed  by  following  the  directions  and 
using  the  constants  given  in  our  article  of 
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Diagram    Section    of   Curb   and   Gutter. 

\ov.  4,  19118.  Wo  have,  however,  added 
the  quantities  tor  a  1-2-4  mixture  to  our 
original  Table  II,  whicli  now  stands  as 
shown.  In  computing  this  table,  it  must 
be  remembered  that  a  barrel  of  cement 
is  assumed  to  measure  4.4  cu.  ft.,  voids 
in  sand  to  be  45  per  cent,  and  voids  in 
stone  to  be  40  per  cent. 

Referrino  to  the  curb  and  gutter  data 
requested  by  our  correspondent,  we  have 
thought  it  somewhat  useless  to  prepare 
similar  tables,  since  the  sections  of  such 
structures  vary  materially,  hardly  any  two 


engineers  using  the  same  shape  of  section. 
Dimensions  also  vary.  Considering  the 
section  shown  by  our  correspondent,  it  is 
evident  that  a  very  close  appro.ximation  of 
the  quantities  required  can  be  obtained 
from  the  sidewalk  table  (Table  II)  given 
herewith.  Assume  the  curb  portion  abed 
to  be  removed  and  placed  at  a'  b'  c  g:  we 
then  have  a  slab  (5  ins.  thick  and  38  ins. 
wide.  This  slab,  like  a  cement  walk,  has  a 
mortar  finish  and  a  concrete  base  and  the 
quantities  in  it  can  be  closely  appro.xi- 
mated  from  the  table. — Editors.) 


Personals. 

Mr.  .1.  W.  Barnett  lias  been  elected  City 
Engineer  of  Athens,  Ga. 

Mr.  James  C.  Wonders,  of  Bellefontaine. 
O..  ha.s  been  reappointed  State  Highway 
Commissioner  of  Ohio. 

The  Texas  Engineering  Co.  has  opened  of- 
fices at  706  Flat  Iron  Bldg..  Fort  Worth. 
Tex.,  and  will  engage  in  a  general  practice 
in  civil  and  hydraulic  engineering  and  con- 
tracting. 

Mr.  R.  A.  Thompson  has  resigned  as  Engi- 
neer of  the  Texas  State  Railroad  Commis- 
sion to  become  Chief  Engineer  of  the  Wich- 
ita Falls  Lines.  Mr.  R.  D.  Parlcer  will  prob- 
ably succeed  him  witli  the  State  Commis- 
sion. 

Mr.  Chalres  T.  Main,  well  known  through 
his  extended  practice  as  Mill  Engineer  and 
Architect,  has  been  appointed  by  the  Council 
of  the  American  Society  of  Meclianical  Engi- 
neers as  a  member  of  the  National  Conser- 
vation Commisison.  with  special  reference  to 
water  powers. 

Mr.  C.  S.  Davis.  Consulting  Engineer,  of 
Toledo.  O..  is  to  become  General  Manager  of 
a  large  bridge  and  structui'al  concern  whicli 
is  making  arrangements  to  erect  a  plant  at 
Massillon,  O.  Mr.  Davis  was  Chief  Engi- 
neer for  the  old  Massillon  Bridge  Co.,  and 
later  for  its  successor,  the  Toiedo-Massillon 
Bridge  Co. 

The  co-partnership  of  Connell,  Sykes  & 
Connell  heretofore  doing  business  at  No.  90 
West  St..  New  York  City,  as  Consulting 
Engineers,  has  by  mutual  consent  lieen  ter- 
minated bv  the  retirement  of  Mr.  H.  W. 
Sykes.  Messrs.  H.  W.  Connell  and  H.  F. 
Connell  of  the  firm  have  formed  a  partner- 
ship under  the  firm  name  and  st^'le  of  Con- 
nell &  Connell  and  will  continue  as  formerly 
to  a  general  business  as  Consulting  Engi- 
neers at   the  same  address. 

Mr.  Willard  Guild,  heretofore  engineer  in 
charge  of  construction  on  the  Atchison,  To- 
peka  &  Santa  Fe  Ry.  double  track  work  in 
Missouri,  has  been  made  Division  Engineer 
of  the  Illinois  Division  of  the  above  road 
with  headiiuarters  at  Chillicothe,  111.,  suc- 
ceeding Mr.  Cliarles  Griggs,  who  has  been 
transferred  to  Topeka.  Kan.,  to  take  charge 
of  the  Eastern  Division.  Mr.  Griggs  suc- 
ceeds Mr.  George  J.  Graves,  who  has  been 
transferred  to  Dodge  City  to  take  charge  of 
the  Central  Grand  IDivision. 

D.  D.  Carothers.  Chief  Engineer  of  the 
Baltimore  &  Ohio  R.  R..  died  Jan.  1.  at  Bal- 
timore. Md..  after  a  sliort  illness.  Mr. 
Carothers  was  born  in  Ohio  in  1860  and  be- 
gan his  railway  work  in  1SS2  as  a  rodman  on 
the  Wheeling  &  Lake  Erie  R.  R.  In  18S3 
he  became  Assistant  Engineer  of  that  road 
and  two  vears  later  became  Chief  Engineer 
of  the  Columbus  &  Cincinnati  Midland  R.  R. 
He  remained  in  this  position  until  1S90.  when 
he  became  Engineer  of  Maintenance  of  Way 
of  the  Baltimore  &  Ohio  Southwestern  Ry. 
He  entered  the  service  of  tlie  Baltimoi'e  & 
Ohio  R.  R.  in  1901  as  a  Division  Superin- 
tendent and  in  February.  1904.  became  Chief 
Engineer. 

The  following  commissioners  have  been  ap- 
pointed by  Governor  Hughes,  of  New  York, 
to  ha\'e  ciiarge  of  the  highways  of  the  state. 


as  provided  by  the  new  law  which  went  into 
effect  on  Jan.  1:  Herbert  E.  Cook,  of  Den- 
mark. N.  Y. :  Samuel  P.  Hooker,  of  Le  Roy, 
N.  Y.,  and  Thomas  W.  Allen,  of  New  York 
City.  Mr.  Hooker,  who  will  be  Chairman  of 
the  Commission,  was  formerly  a  State  Sena- 
tor and  has  given  special  attention  to  liigh- 
way  legislation.  Pi'of.  Cook  is  Dean  of  the 
School  of  Agriculture  of  St.  Lawrence  Uni- 
versity, and  Mr.  Allen  is  a  graduate  of  the 
Civil  Engineering  Department  of  Union  Col- 
lege and  has  had  considerable  experience  in 
railroad  and  river  and  harbor  work. 


Catalogs  Worth  Having. 

Engineers  and  contractors  should  have 
on  file  the  latest  catalogs  of  machines, 
tools  and  supplies  that  they  use.  In  sending 
for  catalogs  reviewed  or  advertised  in 
this  paper,  you  will  confer  a  favor  on  us 
if  you  will  write  direct  to  the  advertisers 
and  state  that  you  saw  the  catalog  men- 
tioned in  Engineering-Contracting  If 
you  are  in  the  market  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  notify 
promptly  the  leading  manufacturers. 

No.    1043.      Derricks    and    Derrick    Fittmgs. 

— The  Terry  &  Tench  Co.,  131st  and  Lexing- 
ton av..  New  Y'ork. 

A  ii2-page  catalog,  beautifully  printed,  de- 
scribing and  illustrating  the  derricks  of  dif- 
ferent types  made  by  this  company.  All 
kinds  of  derrick  fittings  are  also  shown. 
This  company  also  makes  an  all  steel  derrick 
car.  Photogiaphs  are  also  shown  of  in- 
stallations of  their  derricks. 

No.  1044.  Steel  Forms.— C.  H.  Schub.  1947 
Broadway.   New  Y'ork. 

A  folder  telling  of  metal  forms  for  build- 
ing concrete  houses.  The  forms  are  used  in 
units,  and  it  is  stated  can  be  adapted  for 
any  concrete  work  in  connection  with  build- 
ings. 

No. 1045.  Water  Filters.— Hungerfoid  & 
Terrv.  Pennsylvania  Building.  Philadelphia, 
Pa. 

A  32-page  catalog  devoted  to  pressure  and 
gi-avity  filters,  continuous  and  intermittent 
water  softeners  and  Burtonizing  apparatus 
for  breweries.  Also  plants  for  the  removal  of 
iron   from   water. 

No.  1046.  Motors. — Eek  Dynamo  &  .Motor 
Co..    Belleville.   N.  J. 

A  catalog  consisting  of  a  number  of  liulle- 
tins  telling  of  the  Eck  motors  and  electrical 
apparatus.  This  company  makes  a  specialty 
of  a  protected  and  enclosed  type  of  motor. 
Tallies  of  dimensions  are  given. 

No      1047.        Metal      Hose. — The     American  ■ 
.Metal    Hose    Co..    173    La    Fayette    St.,    New 
York. 

-A  12-page  catalog  handsomely  illustrated 
showing  the  uses  of  the  all  metal  hose.  It 
is  stated  that  the  life  of  this  hose  is  much 
longer  than  of  hose  made  of  other  materials. 
The  hose  can  be  used  for  steain,  air,  gas, 
acid  or  ammonia. 

No  1048.  Concrete  Clamps. — The  Dietrichs 
ClaniD  Co.,  13V.  Kaufman  Av.,  Little  Ferry, 
N.    J.' 

A  folder  showing  the  use  of  these  clamps 
for  holding  concrete  forms,  and  explaining 
the  method  of  building  liouses.  walls,  silos, 
etc.,  by  the  use  of  two  form  boards  only.  It 
is  stated  that  this  method  saves  about  90 
per  cent  of  the  lumber  ordinarily  required 
for  forms. 

No.  1049.  Pipe  and  Boiler  Insulation. — H. 
W.   Jolins-Manville  Co..   New   York. 

This  72-page  catalog  is  devoted  to  prob- 
lems of  insulating  all  kinds  of  heated  and 
cooled  surfaces,  such  as  pipes,  boilers,  fur- 
races,  flues  and  ducts  as  well  as  insulation 
for  refrigerating  and  cold  storage  work. 
The  book  is  very  complete  and  handsoinely 
illustiated.     It   is   known  as  catalog  No.    100. 


TABLE  II.  — SHOWING  QUANTITIES  OF  CEMENT.  SAND  AND  BROKEN  STONE  REQUIRED  FOR  100  SQ.  FT.  OF  SIDEWALK 
SEPARATELY  FOR  BASE  AND  FOH  SURFACE  FINISH  FOR  DIFFERENT  PROPORTIONS  OF  CONCRETE  AND  DIFFERENT 
THICKNESSES  OF  WALK. 


Thick- 
ness. 

1     " 

\ 

1—2- 

U   Sand. 

Stone. 

1—3—6— 
.     Sand, 

Thick- 
ness, 

1—1 

Cement 

' 

-1% 

.   Sand. 

1 

2 

Cement 

Sand. 

Stone. 

Cemen 

Cement 

Stone, 

Sand, 

Cement 

Cement, 

Sand, 

ins. 

bbls. 

cu.  yds. 

cu.  yds. 

bbls. 

cu.  yds. 

cu.  yds. 

bbls. 

cu.  yds. 

cu.  yds 

ins. 

bbls.     < 

u.  yds. 

bbls. 

cu.  yds. 

bbls.    cu.  yds. 

2H 

1.00 

0.32 

0.65 

0.S9 

0.29 

0.73 

0.69 

0.34 

0.68 

% 

0.61 

0.093 

0.52 

0.124 

0.45 

0.139 

3 

1.20 

0.39 

0.78 

1.08 

0.35 

O.SS 

0.84 

0.41 

0.82 

% 

0.91 

0.139 

0.77 

0.186 

0.67 

0.209 

3% 

1.40 

0.45 

0.91 

1.25 

0.41 

1.02 

0.97 

0.47 

0.95 

1 

1.12 

0.185 

1.03 

0.247 

0.90 

0.278 

4 

1.61 

0.52 

1.04 

1.43 

0.47 

I.IS 

1.12 

0.55 

1.09 

114 

1.52 

0.232 

1.29 

0.308 

1.12 

0.347 

4 '.4 

1.80 

0.58 

1.17 

1.61 

0.53 

1.32 

1.25 

0.61 

1.22 

IH 

1.83 

0.278 

1.55 

0.371 

1.34 

0.418 

.'i 

D2 

0.65 

1.30 

1.79 

0.59 

1.47 

1.39 

0.68 

1.36 

l?4 

2.03 

0.325 

1.81 

0.433 

1.57 

0.487 

R 

Z.4.S 

0.7S 

1.57 

2.17 

0.71 

1.78 

1.58 

0.82 

1.64 

2 

2.33 

0.371 

2.06 

0.494 

1.79 

0.556 
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We  shall  welcome  any  news  notes  that 
our  readers  may  send  in.  Notes  of  con- 
tracts awarded,  bidding  prices,  etc.,  will  be 
especially  acceptable. 


BIDS  ASKED 
Bridges. 


Bids  Open. 

Jan.     13.    York.    Nob 

Jan.     13.   Kearney.  Neb 

Jan.  13.   Beaver  City,  Neb.. 

Jan.     14.   I'rhana,   III 

Jan.     13.  St.   Louis.   .Mo 

Jan.     15.  Chicago.    Ill 

Jan.  15.  SiiartanbuiK.   S.    C. 

Jan.     16.  Dayton.   Ohio    

Jan.  IS.  Yoiingstown.    O.    . . 

Jan.  IS.  Cedar   Rnplds,    la.. 

Jan.     18.   Hrlllion.    Wi.s 

Jan.    20.  Toledo.    O 

Jan.    20.  ChlcaKo.    Ill 

Jan.    22.  Cincinnati,  O 

Jan.  2S.  Cedar    I'Mipids.    la.. 

Jan.    29.  Cincinnati.  O 

.Ian.    29.   Cincinnati.  O 

.Ian.    30.   Beaufort.    N.    C 

.Mar.     i.   Paris.    .\rk 


See   Issue. 

Dec.  23 

Dec.  30 

Jan.     6 

Jan.     6 

Jan.     6 

Jan.     6 

Jan.   13 

Dec.  30 

Jan.     6 

Jan.     6 

Jan.   13 

Jan.     6 

Jan.  13 

Jan.    6 

Jan.  13 

Jan.     6 

Jan.   13 

Jan.     6 

Jan.  13 


Jan. 

13. 

Jan. 

13. 

Jan. 

H. 

Jan. 

11. 

Jan. 

l.i. 

Jan. 

15. 

Jan. 

IB. 

Jan. 

Ifi. 

Ian. 

IS, 

Jan. 

IS. 

.Ian. 

IS. 

.Ian. 

IS. 

Jan. 

IS. 

Ian. 

I'J. 

.Ian. 

i;i. 

Jan. 

2". 

Ian. 

20. 

Jan. 

20. 

Jan. 

20. 

Jan. 

21. 

Jan. 

23. 

.Ian. 

23. 

.Ian. 

Jan. 

27. 

Jan. 

2S. 

Feb. 

1. 

K.-b. 

1. 

Feb. 

1. 

Feb. 

1. 

Fell. 

4. 

Feb. 

11. 

Fi-b. 

11. 

Feb. 

15. 

Feb. 

15. 

Feb. 

27. 

.Mar 

I. 

Jan. 

13. 

.Inn. 

M. 

Jan. 

hi. 

.Ian. 

l:i. 

.'an. 

le. 

Jan. 

IS. 

Jan. 

IS, 

Jan. 

IS, 

.Ian. 

IS. 

Jan. 

I'.l. 

.Ian. 

I'.l. 

Jan. 

20. 

Jan. 

20. 

.Ian. 

20. 

.Ian. 

21. 

.Ian. 

22. 

.Ian. 

2B. 

Jan. 

26. 

Buildings. 

Fort  Stephens,    Ore Jan.     6 

New   Orleans.    La Jan.     6 

Crandon.    Wis Jan.     6 

Mont   Alto.    Pa Jan.  13 

Carthase,   Mo Dec.  30 

Carmen.   Okla Jan.   13 

Brooklvn.   N.    Y Jan.     6 

Pittsburg.    Pa Jan.  13 

Foit   .Meade.   S.   Dak Deo.  23 

fjeneva,  N.   Y Jan.     6 

.\lbany.    New    York Jan.   13 

Yiiungstown,  O Jan.   13 

Hattieshurg.  Miss Jan.   13 

San    Jose,    Cal Dec.  30 

.Milwaukee.  Wis Ian.   13 

Springfield.    .Mass Dec.  23 

Fort   Robinson.    Neb Dec.  30 

Kansiis   Citv.    Mo Jan.   13 

Fort    Robinson.    Neb Ian.   13 

Fort    Crook.    Neb Dec.  SO 

Anderson,   S.   C Dec.  30 

P.irtland.  Me Dec.  2" 

Jacksonville,   O Jan.   13 

Fort    Leavenworth.    Kan Jan.     6 

Ames,   la Jan.     6 

Claremoro.  f)kla Jan.     6 

Piirkersbuig.   W.  Va Jan.   13 

.Midland.  T.xas    Jan.   13 

Newcastle.    Ind Jan.   13 

Los   Angeles.   Cal Jan.   13 

San  Antonio.   Texas Dec.  30 

liulce.    N.    Mex Jan.   13 

Clarinda.   la Jan.   13 

Grand   Riipids.  Mich Jan.  13 

Shenandi.ali,   la Jan.    13 

Iji    Salle,    111 Jan.   13 

Oinalin,    Neb Tan.     fi 

Roads  and  Streets. 


Shenandoah,  la. 
Flemlngton,  N.  J 
Ijifayette.  Ind.  . 
Tacoinh,  Wash.  , 
Cleveland.  O.  . . . 
Pensacola.  Fla.  . 
Inilianaiiolis.  Ind 
Niipervllle.    111.     , 

Lisbon.    O 

Hiintsvllle,    Ala. 
Niiblesvllle.    Ind. 

Marlon.    Ind 

Balllniiire.    .Md.    , 

Chicago,  III 

Akron.    Ohio    .... 
Cincinnati.  O.   . . . 
Annapolis.     Md. 
Anderson,  Ind.   . 


..Jan.  13 
..Dec.  23 
..Jan.  S 
..Jan.  13 
. ,  Dec.  30 
..Dec.  23 
...Ian.  6 
.  .Jan.  6 
..Jan.  13 
..Jan.  6 
..Jan.  13 
..Jan.  6 
..Jan.  13 
..Jan.  13 
..Jan.  13 
.  .Jan.  6 
..Jan.  13 
..Jan.  13 


J.lli.  :;il.  I'l.Mlalid.    II 

Feb.  1.  Iilvil'liia,     Wasli 

Feb.  3.  t'levelunil.    <  I. 

Feb.  3.  Hluffton.   Ind 

Fell.  5.  Lt*lianon.    Ind 

Fell.  5.  Anderson.  Ind, 

Feb.  11.  Appleton,    Wis. 


Jail.  U 
Dec.  2S 
Jan.  6 
.Jnn,  13 
,Jnn,  13 
.Jnn,  13 
.Dec.  30 


Sewers. 

Polk.    I'u I  I.e.  23 

Danville.    Pa ■  ■  o  23 

Tonowanila,    N.    Y..                        n  13 

Toronto,   Onl I.iii,  13 

Roanoke.   Va Jan.  6 

Napervllle.    HI Jan.  6 

Zat.esvilie.   I) Jan.  13 

New  York.   .\.   Y Ian.  13 

l-iist    Point.  Ga Dec.  30 

Toledo,    o Jan.  13 

Guthrie.    Okla Jan.  13 

Sylvania,    O Jan.  13 

Louisville,  Ky Jan.  6 

Purcell.  Okla Jan.  6 


Water  Supply. 

Feb.       .".,    Key    W.st,     Fl.i J.iii,    13 

Jan.     15.   Roanoke.   Va Jan.     6 

Jan.    18.  .Moundridge,  Kan Jan.     6 

Jan.    18.  Wellington,    Kan Jan.     6 

Jan.    19.   biist    Point,    Ga Dec.  30 

Jan.     19.   Los    Angeles.    Cal Jan.   13 

Jan.    20.  Augusta.   Kan Jan.   13 

Jan.    21.   Fort  Hancock.  N.  J Jan.  13 

Jan.   25.  Daytona.    Fla Jan.     6 

Jan.    29,  Carlyle.    Ill Jan.  13 

Feb.      1.  Denlson.    la Jan.     6 

Feb.      5.  Key    West,    Fla Jan.     6 


Jan. 

13. 

Jan. 

M. 

Jan. 

15. 

Jnn, 

i;.. 

Jan, 

IK. 

Jan. 

18. 

.Ian, 

IS. 

.Ian, 

IS. 

Jan. 

19. 

Jan. 

20. 

Jan. 

21. 

Jan. 

21. 

Jan. 

22. 

Jan. 

25. 

Jan, 
Jan 


Miscellaneous. 

15.  Ottawa.    Ont.. 


Steamer.  Dec.     2 
19.  Toronto,  Ont., 

Hydraulic   Dredge,  Jan.     6 
Jan.    20.  Boston.  Mass.. 

Refuse   Disposal,  Dec,  30 
Jan.    21.  Detroit,   Mich.. 

Wooden  Tug,  Dec,  30 
Jan.    22.  Fort  Sam  Houston.  Tex.. 

Steel  Cells,  Jan.  13 
Feb.      5.  St.    Louis,    Mo.. 

Street    Lighting.  Jan.   13 
Feb.      8.  Prescott.    Ariz.. 

Fence,  Jan.  13 
Fob.    13.  Hawaii, 

Dry  Dock,  Dec.     9 
Jan.     14.  Charlottetown.    P.    K.    I.. 

Freight  Shed,  Jan.   13 
Jan.     14.  Newburg,   O.. 

Street  Lighting.  Jan.  14 

Excavation,  Earth  and  Rock 

Jan.     15.  Mobile,   Ala., 

Dredging,  Dec.  23 
Jan.    15.  Mangum,    Okla., 

Railroad   Grading,  Dec,  16 
Jan.    15.  Fort  Dodge,   la.. 

Tile  Drain,  Jan.     6 
Jan.     15.  I'rbana.    111.. 

Tile  Drain,  Jan.    13 
Jan.    16.  Goshen,   Ind.. 

Ditch,  Dec.  30 
Jan.    16.  Greenville,   O.. 

Ditch  Work.  Jnn.  13 
Jan.    18.  Bayou  Goula,   La., 

Dredging,  Dec.  30 
Jan.    18.  Des   Moines,    la.. 

Ditch   Work,  Dec.  SU 
Jan.    20.  Rector,    Ark., 

Ditch   Work,  Jan.     6 
Jan.    23.  New   London,   Conn., 

Dredging,  Dec.  30 
Jan.    25.  Shamokin,   Pa.. 

Tunnel.  Jan.   13 
Jan.    27.  Crookaton,   Minn.. 

Ditch  Work.  Jan.     6 
Jan.    30.  Sterling,   111.. 

Ditch   Work.  Jan.   13 
Feb.      I.  Sioux  City,   la.,  „,     ,      . 

Ditch   Work,  Jan.     6 
Feb     10.   Logan.    la  . 

nil.  h    W..rli,    .Ian       6 

Materials,Machines,Supplies,Tool6,Etc. 

Jan.     13.   Haltimore.    Md.. 

Furniture,  Wagons,   Ltc.  Jan.     6 
Jan.    14.  Kansas  City,    Kan 

Water  Pipe,  Etc.,  Dec.  30 
Jan.     14.   Hobart.    Okla.,      .        „      ,         ,    „      « 
Pumping  Kngine,  Jan.     6 
Jan.    15.  Portland,    Ore. 

Portland    Cement.  Dec.     t 
Jan.     16.  St.    Catharines.    Out  . 

Timber.  Castings,  Etc..  Jnn      « 
Jnn.     15.   Dallas.   Texas. 

Air  Compressor.  Jan.   IS 
Jan.    18.  Waiiblngton,  D.  C, 

Sanitary  Fixtures.  Pipe      ^ 
Kit         Dec.  30 

Jan.     18    Chicago-.    111.,  ^^^^^^_  ^^^      .., 


Jan. 
Jnn. 

Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jnn. 
Jnn. 
Jan. 

Jan. 
Jan. 
■Ian. 
Jan. 
Jan. 

Jan. 
Jan. 
Jan. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 

Feb. 


I'nion,   N.   J  . 

Water  Pipe.   Etc..  Jan.  13 
Kast    p.. It. I     Va., 

P  '  rator.  Boiler*. 


S<'\ 


Am 

.M 
IxIM    .\iiK*-le 


rks  Muterlal, 


■K  CniM',    Etc., 
Cal  , 

PIlM., 

Grand   Island,   Neb., 

Chemical  Enslne. 
WInnlpec,  Mnn., 

Art-  Lamps, 
Chnrleston.   S.   <.'.. 

Pump, 
Unlllnmre,    Md., 

Lubricating  Oils, 
Balllmore,    Md.. 

Pipe.  Tools.  Puvlni;  Ma- 
terials.    Etc 

Bultlmiire.    .Md., 

Gnrlwge  Carls, 
Kort    I>ade.    Fla.. 

Gymnasium   Apparatus, 
North   Vancouver,   U.  C, 

Road  .Machinery. 
Dnyton,   Fla.. 

Pipe  Engine*, 
Washington,   D.   C, 
Steel,    Wire   Rope,    Fuses. 


D«c  30 
Jan.  11 
Jan.  13 
Jan.  13 
Jan.  « 
Jan.  13 
Jan.  13 
Jan.  13 

.Jan.  13 
Jan.  13 
Dec  30 
Dec.  23 
Jan.    6 

.Jan,  IS 
Dec  30 
Jan.  6 
Jnn.  13 
Jan.  13 
Jair.  6 
J  an  J  ii, 
Jan.  S 
Jan.  13 

.Jan.  13 
Dec.     9 


Etc 
Frankfort.  Ky., 

Filing  Caaea. 
Ottawa,  Ont., 

Cement, 
Mare   Island,  Cal., 

Elevator. 
I.eavenworth,  Kan.. 

Pipe,    bZit.-.. 
Richland  Center.   Wis.. 

Pump, 
Kenosha,    Wis.. 

Pumping  Engine, 
Key  West.  Fla.. 

Condenser,  Filter,   Etc., 
Bantr,  Alberta, 

Sewer  Pipe. 
.Milwaukee,  Wis., 

Gas    Producer   and    Gas 
Engine,    Electric   Light 

Plant     

Winnipeg,  Man.. 

Pump,   Motor. 

BIDS   ASKED 
Bridges. 

Bids  are  asked  on  f..|lMwlnK  work,  the 
notes  being  arranged  alpliaDetically  by 
states: 

Paris.  Ark — Cntll  Mar.  4,  by  Fred  N.  Car- 
ter. County  Clerk,  for  constructing  six  steel 
and   Iron   bridges. 

Cedar  Rapids,    l.i 

liy    L.   .1.    St.. rev,    I 

a  mw  bridge  f..r  ;  I 

a  riveted   truss  and   iiiiil.i!.ea   i—'iurcte  il.-.i.r 
over   Indian  Creek  at  3oth   St,,   East. 

Chicago,   III Until   noon.  Jan.   :'"    '.^    '     ' 

Br.van,    Clerk.    .Sanitary    District 
.American    Trust     Bldg.,    for    the 
erection    and    cumiiletlon    of    'i- 
tures    of    two    railroad    brbl- 
North    Shore    Channel    of    I 

trict  of  i^hlcngo.  one   In   Nil.  ^ ...,■  ..:.d 

one  at  Gnint  St.  In  Evanston. 

Cincinnati,    O.     I'ntll     noon. 
County    Com 


by 


for  the  f.il 
float  Ions  Ni. 
Crete  brltlge 
G<'rman    K.<i 

Sp.irt.inbiirg,    S.    C 
F 


Jnn. 
Fre.I  Dr.  ' 
work:     I 

.     I.'ld.l!'  - 

I.     II. Mr    Uie 
Ip. 

15.    by    W, 

visor.  loi  building  steel    bridges 


lUver  at  YarlHirough  and   DeiMit 
bil.:_ 

Brilllon,  Wis.— I'ntll  Jnn.  IS.  uccording  to 
reiKirls,  bv  J  F  Otto,  of  Board  of  Super- 
vis  ■"  f  Town  Clerk.  fi>r  i.tn- 
Dlt  ri.-  bridge  with  appma.  lies 
o\.  •■  -'f  Manlt.iwoc  Itlvii  in 
Seen. 'II    .." 


Buildings. 


Bids  are  asked  on  following  work, 
notes  being  arranged  alpluilM-llcnlly 
slates: 

Los  Anoeles.  Csl.— t'nti!  ?_T>    m  .  F«b    1 
County    -  '■      ■     ■'  '" 

the  coil 
Ing,    a    ! 
ward    at     'i 
nsketl  on    1 1 ' 
lion   ..f  th.-    • 

pb; 
Vll 
fl.I 

li:,  .-;utii-'.Ti  I'.Mi;      I.  -  M -■  '■■  " 

La  Salle,  III.  -Tin'  We^t.rn  Clock  Mfg. 
h:      It.. II.     .<.  .  i.iiii  V.     I.i    Salle.    HI.,    will 


the 

by 


Co., 
ri'- 


20 


ENGINEERING-CONTRACTING 


\'ol.  XXXI.     No.  2. 


ceive  bids  until  Feb.  27,  for  building  a  2- 
storv  store  room  and  a  1 -story  factory  addi- 
tion in  the  spring.  Tlie  store  room  will  be 
50  ft.  bv  222  (t.  and  the  factory  addition 
will  be  137  ft.  by  222  ft.  Both  buildings  will 
be  of  brick,  concrete  and  steel. 

Newcastle.  Ind. — Until  10  a.  m..  Feb.  1.  by 
■U'.  L.  Risky.  County  Auditor,  for  construct- 
ing brick  barn  at  County  Jail. 

Clarinda,  la.— Until  2  p.  m.,  Feb.  11,  by 
James  Kno.K  Taylor.  Supervising  Architect. 
Washington.  D.  C,  for  construction,  com- 
plete, of  U.   S.  Post  Office  at  Clarinda. 

Shenandoah,  la. — Until  3  p.  m.,  Feb.  15.  by 
James  Knox  Taylor,'  Supervising  Architect, 
Washington,  D.  C.  for  the  construction,  in- 
cluding plumbing,  gas  piping,  heating  ap- 
paratus, electric  conduits  and  wiring  of  the 
U.  S.  Post  Office  at  Shenandoah. 

Grand  Rapids,  Mich. — Until  Feb.  15,  by 
Board  of  Education,  for  erecting  new  high 
school  building  on  Fountain  St. 

Kansas  City,  IVIo.— Until  2  p.  m..  Jan.  20. 
by  Board  Public  Works.  Robert  W.  Good- 
now.  Secretary,  for  constructing  public  com- 
fort station  on  Jlaln  St.  Bids  will  be  re- 
ceived for  the  plumbing,  inarble  work,  heat- 
ing and  gas  fitting  in  one  contract,  and  for 
the  balance  of  the  work.  e.Kcepting  bronze 
work,  in  another  contract.  Walter  P.  Bir- 
mingham. .\rchitect,  202  1st  National  Bank 
Bldg. 

Hattiesburg,  Miss.— Until  Jan.  IS,  at  office 
of  the  President  of  the  New  Orleans  & 
Northwestern  R.  R.  Co.  at  New  Orleans  for 
the  construction  of  a  passenger  depot  at 
Hattiesburg.  Miss. 

Fort  Robinson,  Neb. — Until  1  p.  m.,  Jan.  20. 
by  Capt.  F.  T.  Arnold,  Constructing  Q.  M.. 
for  construction  of  a  building  for  transformer 
substitute  station. 

Dulce,  N.  Mex. — Until  2  p.  m..  Feb.  11,  by 
the  Commissioner  of  Indian  Affairs,  W'ash- 
ington,  D.  C,  for  constructing  a  school  at  the 
.licarella  School  in  New  Mexico.  Further  in- 
formation may  be  obtained  from  George  L. 
Williams,   Superintendent,   Dulce,   N.   Mex. 

Albany,  N.  Y.— Until  3  p.  m.,  Jan.  18,  by 
Board  of  Contract  and  Supply,  Isidore 
Wachsman,  Secretary,  foi-  repairs  to  public 
bath  No.  3.  Bond  for  $8')0  required  with 
bid. 

Carmen,  Okla. — Until  Jan.  15,  by  G.  W'. 
Bruce.  Secretary  of  Odd  Fellows  Home 
Board.  Guthrie.  Okla..  for  erection  of  an  ad- 
dition to  the  Odd  Fellows  Home  in  Carmen. 

Jacksonville,  O. — Until  .Jan.  25.  by  A.  A. 
Campbell,  Clerk  Board  of  Edtication,  for 
erecting  public  school  building.  Franklin 
Packard,  Architect,  Columbus,  O. 

Youngstown,  O. — Until  noon,  .Ian.  IS,  by 
Board  of  Education,  W.  N.  Ashbaugh.  Clerk, 
for  labor  and  materials,  for  the  plastering 
and  slate  base  work  for  the  Garfield  School 
building, 

Mont  Alto,   Pa Until  5  p.   m.,   Jan.   14,    by 

Samuel  G.  Dixon,  State  Commissioner  of 
Health.  1900  Race  St.,  Pliiladelphia,  for  the 
furnishing  of  all  labor  and  material  neces- 
sary for  the  construction  and  erection  of  gas 
lighting  fixtures  in  infirmary,  "dining  build- 
ing, twin  house,  laboratory,  morgue  and  one- 
story  building,  at  the  Pennsyhania  State 
South  Mountain  Sanatorium,  near  Mont  Alto, 
Franklin  County. 

Pittsburg,  Pa.— Until  10:30  a.  m..  Jan.  IG, 
by  Edward  G.  Lang,  Director  Public  Safety, 
for  erection  of  a  public  comfort  house  on 
Oliver  Av.  Plans,  etc..  with  John  P.  Bren- 
nan.  Assistant  Superintendent  Bureau  of 
Building  Inspection.  6th  Av.  and  Cherry 
Alley. 

Midland,  Tex.— Until  Feb.  1.  by  Building 
Committee.  Volney  Johnson,  Secretary,  for 
plans  and  bids  tor  a  Christian  college  at 
Midland,  to  be  of  brick  or  stone  and  to  cost 
not  more  than  $35^000, 

Milwaukee,  Wis. — Until  2  p.  m..  Jan.  19. 
by  Trustees  Public  Museum,  tor  furnishing 
and  setting  all  the  cut  stone  work  necessary 
and  required  for  the  addition  to  the  Public 
Museum  Building  on  8th  and  9th  Sts.  Ferry 
&  Clas,  Architects.  Certified  check  for  $900 
required  with  bid. 

Parkersburg,  W.  Va. — Until  Feb.  1  (exten- 
sion of  time)  for  constructing  new  First  M. 
E.   church  in  this  city. 

Roads  and  Streets. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Chicago.  III. — Until  noon.  Jan.  20,  by  the 
South  Park  Commissioners,  E.  G.  Shuniway, 
Secretary,  57th  St.  and  Cottage  Grove  Ave., 
for  35.000  sq.  yds.,  of  paving  on  Michigan 
Ave.,  between  12th  St.  and  Jackson  St.  Bids 
will  be  received  on  sheet  asphalt,  creosoted 
wood     block,     or     any     bituminous     concrete 


pavement  for  wliicli  the  bidder  may  submit 
specifications. 

Anderson,  Ind. — Until  2  p.  m.,  Feb.  5,  by 
W.  T.-  Richards,  County  Auditor,  tor  con- 
structing gravel  road  along  Henry-Madison 
County  line. 

Anderson,  Ind. — Until  10  a.  m.,  Jan.  26.  by 
Wm.  T.  Richards.  County  Auditor,  for  con- 
structing the  following  roads:  One  in  Boone 
Township.  14,494  ft.;  three  in  Adams  To%vn- 
ship.  11.050,  14.025  and  11.857  ft.;  three  in 
Anderson  Township.  2.896,  4,450  and  5,403  ft.; 
two  in  Duckcreek  Township,  10,575  and  10,548 
ft.;  two  in  Fall  Creek  Township,  1,459  and 
4,007  ft.;  three  in  Jackson  Township,  10,680 
10,750  and  13,200  ft.;  two  in  Lafayette  Town- 
ship, 14,775  and  5,465  ft.;  three  in  Monroe 
Township.  10,634,  5,264  and  10,657  ft.;  one  in 
Pipe  Creek  Township,  2,592  ft.;  three  in 
Richland  Township,  9,407,  15,800  and  12,684 
ft.;  two  in  Stonv  Creek  Township,  10,373  and 
3.431  ft. 

Bluffton,  Ind.— Until  10  a.  m..  Feb.  3,  by 
O.  P.  Garrett.  County  Auditor,  for  construct- 
ing stone  road  in  boundary  line  between 
Adams  and  Wells  Counties. 

Lebanon,  Ind. — Until  2  p.  m..  Feb.  5,  by  B. 
F.  Heidrick.  Count>'  .'^iidiior,  for  construct- 
ing   gra\'el    read    9,160    ft.    long. 

Noblesville,  Ind. — L'ntil  1  p.  m.,  Jan.  19,  by 
N.  W.  Cowgill.  County  Auditor,  for  con- 
structing following  gravel  roads:  No.  82  in 
Jackson  Township.  5.963  ft.  lonT.  estimated 
cost  $2,882;  No.  02,  in  White  River  Town- 
ship, 7.986  ft.  long.  $4,500;  No.  94.  in  Jackson 
Township.  10.644  ft.  long.  $5,509;  No.  95.  in 
.Tackson  Township,  9.767  ft.  long.  $6,16S;  No. 
96.  in  Washington  Township.  3,965  ft.  long. 
$7,373;  No.  99.  in  Fall  Creek  Township.  7.929 
ft.  long.  $5,222;  No.  101.  in  Adams  Township. 
15,545  ft.   long.   $8,531. 

Shenandoah,  la. — Until  6  p.  m..  .Ian.  13.  by 
Thos.  W.  Keeran.  City  Clerk,  for  pa\"ing 
portion  of  Battle  .\ve.  with  repressed  vitri- 
fied paving  blocks  on  concrete  base. 

Annapolis,  Md. — Until  noon,  Jan.  26,  by 
County  Commissioners,  W.  ■\^^.  Webb.  Clerk, 
for  grading  and  macadamizing  I14  miles  of 
road  from  Linthicums'  blacksmith  shop  to 
Shepley  Station.  E.  H.  Hayman.  County 
Road  Engineer. 

Baltimore,  Md, — Until  U  a.  m.,  ,Tan.  20.  by 
B.  T.  Fendall.  City  Engineer,  for  sheet  as- 
phalt  repairs  for  whole  city  during  1909. 

Akron,  O. — Until  noon,  .Tan.  21.  by  County 
Commissioners,  for  macadamizing  one  mile  of 
road  in  Portage  Township.  Estimated  cost 
is  $8,671.  Certified  check  for  $300  required 
with  bid.  Plans,  etc.,  with  County  Commis- 
sioners at  Akron,  and  with  James  C.  Won- 
ders, State  Highway  Commissioner,  Colum- 
bus. 

Cleveland,  O. — Until  11  a.  m..  Jan.  30.  by 
Count\-  Commissioners.  Wm.  F.  Black.  Clerk, 
for  the  grading,  draining  and  improving  of 
York  Road  from  Wooster  Pier  to  Royalton 
Road  in  Parma  and  Royalton  Townships.  A. 
B.  Lea.  County  Surveyor.  Certified  check 
for  $1,000  required  with  bid. 

Lisbon,  O.— Until  1  p.  m.,  Jan.  18.  bv  Chas. 
H.  Cohourn.  County  Atiditor.  for  grading  and 
improving  Old  Spring  Grove  Camp  Ground 
Road.  Certified  check  for  $200  required  with 
bid.     B.   M.   French.   County  Engineer. 

Tacoma,  Wash, — Until  11  a.  m..  Jan.  15.  by 
T.  JI.  Howell.  County  Auditor,  for  improving 
Hornadav-Peterson  Road  for  a  distance  of 
5,960  ft. 

Sewers. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

New  York,  N.  Y.— Until  2  p.  m.,  Jan.  IS. 
by  John  F.  Ahearn.  President  Manhattan 
Borough,    for   constructing   sewer   in    55th    St. 

Tonawanda,   N,  Y Until  Jan.  15,  by  Board 

Public  Works,  for  constrticting  complete 
sewer  system,  including  lifting  station  in  the 
eastern  section  of  this  city.  An  appropria- 
tion of  $22,000  has  been  made  for  the  work. 

Sylvania,  O. — Until  noon,  Jan.  21.  by  W.  B. 
Harris.  Village  Clerk,  for  labor  and  material 
for  constructing  a  sewer  system.  Riggs  & 
Sherman.  Engineers.  613  The  Nasbv,  Toledo. 
Ohio. 

Toledo,  O. — Until  noon.  Jan.  20,  b'-  Board 
Public  Service.  Reynold  Voit.  Secretary,  for 
constructing  several  local   sewers. 

Zanesville,  O. — Until  noon,  Jan.  18,  by 
Board  Public  .Service.  J.  T.  Hahn,  Clerk,  for 
constructing  storm  pipe  sewers  in  Ohio,  In- 
diana and  Virginia  Sts.  Certified  check  for 
$500  required   with  bid. 

Guthrie,  Okla. — Until  4  p.  m..  .Tan.  21.  by 
City  Clerk,  for  constructing  main  sanitary 
sewer  No.  7,  the  work  including  5,200  ft.  S-in. 
vitrified  sewer  pipe,  including  all  T's;  15 
manholes,  320  cu.  yd,  rock;  1,700  ft.  lumber 
B.  M. 


Toronto,  Ont. — Until  Jan.  15  (extension 
from  Dec.  15)  by  Mayor  Joseph  Oliver,  for 
constructing  Sec.  3  of  higli  level  intercepting 
sewer,  the  work  consisting  of  about  6,380  ft, 
of  7>4  to  S%-ft.  circular  sewer. 


Water  Supply. 


Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states; 

Los  Angeles,  Cal. — Until  Jan.  19,  by  H.  J. 
Lelande,  City  Clerk,  for  constructing  rein- 
forced concrete  reservoir  in  Elysian  Park. 
Plans,  etc.,  with  Department  of  Parks. 

Key  West,  Fla. — Plans  and  specifications 
for  remodeling  pumping  and  distilling  plant, 
etc.,  at  Key  West  Barracks.  Fla.,  are  on  file 
at  office  of  Engineering-Contracting,  355 
Dearborn  St.,  Chicago,  111.  Bids  are  asked 
until  Feb.  5.  as  stated  in  our  proposal  ad- 
vertising columns. 

Carlyle,  111.— Until  Jan.  29,  by  A.  A.  Wade. 
City  Clerk,  for  improvements  to  city  water 
works  and  electric  light  building. 

Augusta,  Kan. — Until  3  p.  m..  Jan.  20,  by 
TiuKithy  Sexton,  City  Clerk,  for  constructing 
water  works.  Burns  &  McDonnell,  Engi- 
neers.  Kansas  City,   Mo. 

Fort  Hancock,  N.  J. — Until  2  p.  m..  Jan. 
21,  by  W.  J.  Hawkins.  Constructing  Q.  M., 
for  installing  water  and  sewer  connections  to 
one  double  set  of  N.  C.  O.  quarters  and  two 
double  sets  of  firemen's  quarters  at  Fort 
Hancock. 

Miscellaneous. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Prescott,  Ariz, — Fence. — Until  3:30  p.  m., 
Feb.  8.  by  Lieut.  K.  P.  Williams.  Construct- 
ing Q  M..  for  constructing  post  fence  at 
Whipple  Barracks. 

St.  Louis,  Mo,— Street  Lighting— Until 
Feb.  5.  by  Board  Public  Improvements,  W, 
B.  Dryden,  Secretary,  for  street  lighting  for 
a  term  of  ten  years. 

Newburg  (P.  O.  Cleveland),  O, — Street 
Lighting. — Until  Jan.  14.  by  Board  Public 
Service,  E.  L.  Lawrence.  Clerk,  for  lighting 
streets  with  electricity,  gas  or  incandescent 
vapor  lights  for  a  period  of  one.  three  or 
five    years. 

Fort  Sam  Houston,  Tex. — Steel  Cells. — Un- 
til Jan.  22.  by  Col.  J.  L.  Clem,  Quartermas- 
ter. U.  S.  A.,  for  installing  cage  of  ten 
steel  cells  in  guardhouse  at  Fort  Sam  Hous- 
ton. 

Charlottetown,  P.  E.  I.— Freight  Shed.— 
Until  Jan.  14.  by  D.  Pottinger,  General  Man- 
ager, Moncton,  N,  B.,  for  construction  of  a 
freight  shed  on  the  wharf  at  Charlottetown. 

Excavation,  Earth  and  Rock. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Sterling,  III.— Ditch  Work.— Until  2  p.  m.. 
Jan.  30.  by  Drainage  Commissioners  of 
Hume,  at  law  office  of  Frank  .T.  Bowman. 
Sterling,  ^"here  plans,  etc..  can  be  seen,  for 
digging  drainage  ditch,  requiring  removal  of 
24.214  cu.  yds.  of  earth. 

Urbana,  III.— Tile  Drain —Until  .Tan.  15,  by 
Commissioners  of  Kankakee  Drainage  Dis- 
trict. William  B.  Weber,  Urbana,  for  con- 
structing tile  drain,  including  12,600  ft,  of 
16-in.   to  22-in.   tile. 

Greenville,  O. — Ditch  Work. — Until  10  a.  m., 
,Tan.  16.  by  James  R.  Marker,  County  Engi- 
neer, for  constructing  Ditch  No.  697  in 
Wayne  Township,  estimated  to  cost  $1,028, 
and  including  910  ft.  of  open  work  and  6,168 
ft.  of  6-in.  to  15-in.  tile.  Bids  are  also  -asked 
until  10:30  a.  m..  Jan.  16.  for  constructing 
Ditch  No.  695  in  German  and  Neave  Town- 
ships, estimated  to  cost  $2,496. 

Shamokin,  Pa, — Tunnel. — Until  Jan.  25.  by 
E.  .\.  Rhoads,  Shamokin,  .Superintendent  of 
the  Mineral  Railroad  &  Mining  Co.,  for  driv- 
ing a  tunnel  from  the  No.  4  seam  to  the  No. 
2  seam  north  in  No.  1  slope  level  at  the 
Cameron  Colliery.  Total  distance  to  be 
driven  is  about  600  ft.,  to  be  driven  by  ma- 
chine work.  The  company  \\'ill  furnish  steam 
and  compressor. 

Materials,Hachines,Supplies,Tool,Etc. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetical^'  by 
states: 

Los  Angeles,  Cal. — Pipe. — Until  Jan.  19.  by 
H.  J.  Lelande,  City  Clerk,  for  furnishing 
galvanized    pipe    and    fittings    for   the   use   of 


I 


Jamuiry    i.^   uyxf. 
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the  Park  D«M>nrlmenl.  nii  follows:  ll.noO  ft. 
of  :-lii  .iii'I  I"iinn  ft  nt  i-ln.  KnIvnnUfd 
»iit«-i  H   «atc  valvpii.   un- 

tittiH.    '  tilfn   valvi'H.  bruim 

KUl.-    ■.  ■  I.-. 

M»re  Uland.  Cal.— Kh-vator— fntll  Jan  3n. 
I>v  Ituriim  YarilH  and  IiookH.  Navy  l)<>parl- 
iiiont.  \Va»liliiBti>n.  1>  iv.  for  IniitalllnB  fU'<-- 
trlc-  lU'vatiir  In  ili.'  Ktinial  Hton-  houHe  at  r 
S    Na\  >    Yaril.  Mar*-  Isl;ttul.  Cal. 

Washington  D  C.  Stfcl.  WIr.-  Hope. 
Kim- s  lOlr  rmll  \iiT<"  a  m.  Jan  LTi.  by 
(•a|>t.  !■•  «■  noKK"  <;.n.ral  IVinliaslnR  Of- 
lUiT.  Isthmian  Canal  < '..niinlsslon,  for  fiir- 
nl.slijni;  nnil>r  Clniilar  4'>7.  Klfil.  Iron.  <a»t- 
InKS.  I'lialn.  wir.'  ml"'  "-Nliantit  lieailH.  can- 
vas dreiiKe  slft-vt-s.  blast  InK  caps.  fuse*. 
conncctlnB  wire.    InaulatlnR   tape.    etc. 

Leavenworth.  Kan.-  PIpr  Ktc— I'ntll  10  a. 
ni..  Kit'  1.  by  |{  V  Ijiilow.  Stii>frlnt.-nili>nl 
rrisuns  anil  I'risonffs.  r)cparlni*^nt  of  Jus- 
tlci'  WashlnRlon.  l>.  C.  for  fiirnlshInK  and 
dfllvcrInK  at  I".  S.  pi-nlli>ntlary  at  I^^avon- 
wortli  ca.«t  Iron  plp<»  fltlliiKs  and  vltrlllcd 
clay  plpi'  and  fitting  for  drainage  and  sewer 
purposes. 

Annapolis.  Md.— Motor.  FIlInK  Case.  Ftc  — 
I'ntll  11)  a  in..  Jan.  19.  by  riureau  of  Sup- 
plies anil  \ooounts.  Navy  Departtnent. 
Washington  D.  C.  to  furnish  a  quantity  of 
naval  supplies  at  the  Naval  .\rademy.  An- 
Tiap..lls      Mil.     as    follows:    Sell.    SO":     Motor 

i;. rator    Set      Filing    Case.    Tables.     Desk. 

Ijinip  etc.  Sch  S04:  Pipe.  etc.  .D.vnamo, 
Kllngerlt  Sloatn  Whistle.  Tubes.  Packings, 
niilletln  Roards.  Laboratory  Supplies  Books, 
Pneumatic  Typewriter  Keys.  Filing  Cabinet. 
Paint.    Stationery.    Beam   Compa.ss.    etc. 

Baltimore.  Md.— Pipe.  Tools.  Paving  Mate- 
rials Etc.rntll  11  a.  m..  Jan.  20.  by  B.  T. 
Fi-ndall.  rUv  Engineer,  for  furnishing  City 
FTnglneer's  Department  for  general  purposes 
during  13fi9  the  following:  Lumber.  Sand. 
Cobble  or  Rubble  Paving  Stone  and  Broken 
.^tone.  Vitrified  Paving  Blocks.  Vitrified 
Sewer  Pipe.  Asphalt  Blocks.  American  Port- 
land Cement.  Curbstone.  Hutterstone  and 
Flagstone.  Oranlte  Paving  Blocks.  Sidewalk 
and  Sewer  Brick.  Sheet  Asphalt  repairs  for 
whole  citv.  Tools  and  Hardware.  Paints. 
Oils  etc.  Sewer  Traps.  Inlet  Covers  and 
Dripstones  of  North  River  Bluestone.  Square 
and  Oval  Cast -Iron  Manhole  Frames  and 
Covers.  Cast-iron  Sewer  Pipes.  Cast-iron 
Inlet   Covers,    etc. 

Baltimore.  Md.— C.arbage  Carts.— I'ntll  11 
a  m  Jan.  20.  bv  J.  L.  Wickes.  Commis- 
sioner of  Street  Cleaning,  for  furnishing  the 
Department  of  Street  Cleaning  with  15  garb- 
age carts. 

Baltimore,  Md.— Lubricating  Oils.— fntll  11 
a.  m..  Jan.  20.  bv  Alfred  M.  Quick.  Water 
Engineer,  for  furnishing  and  delivering  to 
the  Water  Board  such  lubricating  oils  as 
mav  be  required  for  the  year  ending  Dec. 
SI.    1909. 

Union,  N.  J.— Water  Pipe.  Etc.— T'ntil  R:30 
p  m.  Jan.  IS  bv  John  F.  Woods.  Clerk 
t'nion  Township.  Odd  Fellows  Hall.  Lynd- 
hurst  N.  J.,  for  materials  approximately  as 
follows:  l.T.'iO  ft.  10-in.  bell  and  -spigot  cast- 
iron  water  pipe,  ,'5.000  ft.  S-ln.  bell  and  spigot 
east-Iron  water  pipe.  S.OOO  ft.  4-ln.  bell  and 
spigot  cast-iron  water  pipe,  S  10-ln.  gate 
valves.  11  6-in.  gate  valves.  33  -l-in.  gate 
valves.  20  fire  hydrants.  R.  M.  Watson. 
Township  Engineer.  90  Park  Ave..  Ruther- 
ford.  N.   J. 

Charleston.  S.  C.— Pump.-  Tntll  Jan.  20. 
by  J.  II  Dingle.  Citv  Engineer,  for  one  450- 
gallon  per  minute  vertical  centrifugal  pump, 
with    electric   motor   for   operating  same. 

Dallas,  Tex.— Air  Compressor.— T'ntil  3  p. 
m  .  Jan.  l.i.  bv  J.  B.  WInsleit.  City  Secre- 
tary, for  furnishing  the  city  with  one  air 
compressor,  to  be  duplex  with  compound 
steam  and  two-stage  air  cylinders,  and  to 
be  designed  that  it  may  run  either  condens- 
ing or  non-condensing  as  renuireil.  Com- 
pressor shall  be  capable  of  furnishing  not 
less  than  700  cu.  ft.  of  free  air  per  minute 
against  a  gage  pressure  of  100  lbs.  with 
steam  pressure  of  from  80  to  100  lbs. 

Seymour,  Tex.— Water  Works  Material.— 
fntll  Jan  19.  by  this  city  for  the  purchase 
of  material  necessary  In  the  construction  of 
a  system  of  water  works,  consisting  of  re- 
turn tubular  boiler,  duplex  pump,  cast -Iron 
pipe  tire  hvdrants  and  valves.  Specifica- 
tions may  be  had  from  the  O'Nell  Engineer- 
ing Co..   Dallas.    Tex. 

Kenosha.  Wis.— Pumping  Engine.— I'ntll  •: 
p  m  Feb  2  bv  R.  II.  Moth.  Superintend- 
ent Water  Work's,  for  building  and  erecting 
a  horizontal  cross-compound.  high-diily 
pumping  engine  of  6,000,000  gallons  capacity 
per  24   hours. 

Milwaukee.  Wis.— Cas  Producers  and  fias 
Engine  Electric  Light  Plant. -I'ntll  10  30  a. 
m  Feb  17  by  Board  Public  Works,  for 
furnishing  and  erecting  complete.  In  build- 
ings and  on  foundations  to  be  furnished  by 
the  citv  a  complete  Installation  of  a  gas 
producer  and  a    gas  engine   electric   lighting 


plant.       Certified   chisck    for   |23,SOO   required 
with  bid. 

Winnipeg,    Man.      ' 
m..  Jan     2ii.   !•>    Iti-  - 
son,  Sei-retar>-.   for 
magnetite   arc   luntph   v,ni,    i.- 
regulatlng  apparatus   for   (-nn- 

Banft,    Albert  n      -•   -     -     '- 
J-Vb.    5.    by    II 
of  Parks,   li.-ir - 
and    fittii   - 
HanfT    8< 
ft.    9-ln. 

6-ln.    off     i.iin      ^■  w.  T    .line  ii-'ii?-       »."    '.in      nil 

9-ln.    sewer    Junclions. 


CONTRACTS  LET. 

The  following  contracts   have   been   lei    re- 
cently: 


Los  Angeles.  Cal.— Street  Lighting.— Los 
.-\ngeles  Cas  &  Electric  Light  Co..  for  light- 
ing city  streets  during  ensuing  year. 

Anacostia,  D.  C—  Building  —  Charles  J. 
Cassldy  Co..  .'.23  13th  St.,  N.  W.,  Washing- 
ton. D.  C.  for  erecting  t40,00D  school  for 
St.  Therasa   Parish. 

Washington,  D.   C       '•■■■<> '<•      >     V''  — 

mel  for  buildlni;  tli 

at    10th    St.    and    -\; 

$7:'i.Oiio.       James    II.      i. ...,..■,.     .,-■.,     ,..,,1     .-,.. 

Washington.   Is  Architect. 

Washington,  D.  C.— Church.— F.  D.  Foster, 
for  erecting  a  church  at  Lamonl  St.  and 
Sherman  A\.  for  a  colored  Baptist  congre- 
gation.    Lepley  &  West.  Architects. 

Pensacola.  Fla.— Hotel  Building.— C.  H. 
Turner  Construction  Co.,  Pensacola,  Fla..  at 
about  t260,000,  for  erecting  7-siory  rein- 
forced concrete  hotel  for  Pensacola  Hotel 
Co. 

Burlington,  la.— Ditch  vVotk.— R.  H.  Mc- 
U'llliams.  Mattoon,  111.,  at  17^  cts.  per  cu. 
yd.,  for  22,000  cu.  yds.  of  open  ditch  work 
for  the  Gates-Iowa  drain  for  the  County 
Super\-lsors.  Harmon  Engineering  Co.,  Peo- 
ria, HI.,   I-^ngineers. 

Lewiston,  Idaho.— Paving. — Warren  Con- 
struction Co.,  at  $131,000,  for  paving  for  this 
city. 

Indianapolis,  Ind. — Schaucr  &  Roeslnger 
are  reported  to  have  been  awarded  contract 
for  constructing  the  Brightwood  sewer  for 
this  city  to  cost  $165,000.  This  contract  was 
previously  reported  as  having  been  let  to 
John  Jenkins. 

WInchell,  III. — Grading— P.  T.  Walsh  Con- 
struction Co..  Davenport.  la.,  has  a  contract 
for  grading  property  of  Rock  Island  R.  R.. 
where  the  company's  new  mine  shaft  Is  to 
be  sunk  just  east  of  Winchell. 

Hays  City,  Kan.— Water  Works  Enlarge- 
ment.— Frank  A.  Hurlburt  &  Co..  Kan.sas 
City,  for  enlargement  of  city  water  works 
system. 

Alexandria,  La.— City  Hall.— Southern 
Building  Co..  Louisville.  Ky..  for  construct- 
ing new-  city  hall  for  this  city. 

New  Orleans,  La.— Paving.— Etta  Con- 
tracting Co..  and  the  Barber  Asphalt  Co., 
for  paving  a  number  of  streets  for  the  city. 

St.  Louis,  Mo.— Block  Signals.— Union 
Switch  &  Signal  Co.,  of  Swlssvale.  Pa.,  for 
the  installation  of  a  system  of  blnek  signals 
on  the  Frisco  to  cover  over  83S  miles  of 
trackage.  The  contract  amounts  to  over  $1,- 
500.000,  It  Is  stated. 

St.  Joseph,  Mo. — Sewer. — Land  Construc- 
tion Co.  at  $1.22;i.  for  constructing  a  sewer 
in    District    No.    .i2. 

Haddonfield,  N.  J.— Pipe  Laying— New 
Jers.  V  CoMtKictIng  &  Construction  Cii..  Cam- 
den. S'.  J.,  at  $8,910,  for  laying  auction  pipe 
for  this  city. 

Niobrara.  Neb.— Bridge  Work.— C.  H. 
Jones,  Niobrara,  for  rebuilding  government 
bridge  over  Nlol.ram  River  at  this  place. 
Work  has  been  started  and  will  be  com- 
pleted within  90  days. 

New  York,  N.  Y.— Building  Foundation.— 
J.  II.  Cniy  Co.,  FUUlron  Bldg.,  at  $697,000, 
for  constructing  foundations  for  new  munici- 
pal building. 

Columbus,  O.— Bulldir  ■  I'-'-^v  F.  Ro- 
mlane,  Jr.,  Columbus,  a'  r  erecting 

woman's  building  at  sta-  mds. 

Gallon,  O.— R'-Hi-rvolr.  .\  .'  .-^lough,  Go- 
llon.  nt  about  $;.i"iO.  for  excavating  for  the 
Big   Four   Hy.   reservoir   nori'i  of  Ibl"  city 

Pittsburg,     Pa.-  i 
Co.,   for   geni-ral   i  ■ 

000    school    bulldlim  ,.        , 

Board.     Llovd   Bros..  I.ewli.  lilocU,  rilUlmit;. 
arc  the  Architects. 

Providence,  R.  I.— School  H ''-ilse  A 

Smilev.     Pawtucki-t.     R    I.,     f  •ting 

Veazie  St.   .seliool  for  Boord  -  '"• 

Stamford.  Tex.— Rallrood  Work,  -J.  U  Mc- 


Spndden,     Fort     Worth,     Tex.,     1«    slated     to 

t-inv.->    rr-irtr-i  -T    f.  r    r-r.nwTr-i-tlnr    flr*t    «fCt!oii 


.,    -    :i. 

-fJtii    J't.-t-i    i>lld»:i-    Urt    i<,tilit>. 

Brldgeburg.  Ont— 'tn.ln      Kl^vntor  — W11- 

llaln    .\"      -  -    -  ,.-,.-.                ,                    ...^ 

grain  r 
Co.  to 

PROJECTED  WORK. 
Bridges. 

Items  Arranged  Alphabetically  by  Slatea. 

San    Francisco.    Cal.-   Tl..-    .\  T     *    S.    F. 

H\.  Co    Is  !•.  er.-.-i  a  nt-w   - I  brlclg.-  for  Its 

Ml "■ "  -   -d  lUver  In 

tl  I'hilllps.  Los 
A 

Gr.ina               -  i- 

tiire  l^  r 

the     e..-  .,f 

.Main   St       .M     C- 

Des    Moines,    l.i  Inter- 

.  -I.  .1     I,.,'..     .,-■.  ■    - 1 


lii._.    ,. 

neapolis    Ac    St.     i>iuis.      A.    !.#.    .^ 

.Moines.    la.,    is    Chief   Engineer.  s 

Union  Ry. 

Cedar  Rapids,  la — City  Engineer  is  pre- 
paring plans  for  a  new  steel  bridge  over  In- 
dian Creek  at  30th  St.  L.  J.  Story  la  City 
Clerk. 

DubuQue.    la.  —  CItv    Eli-Jil  .  .  r    li.i«   .-..rni.S-ted 

,.!  .  .  .  .  .t 

:■■'  to 

^^.  -  ut 

Jlu.uyu. 

Bonners  Ferry,  Idaho. — Commltfe*i  has 
been    formed   here,    w-lr'      '     i-  •■,   •  "-   al- 

dent.    to   secure  an    a;  *o 

to  build  a    bridge  acr>  .  .-r 

at  this  place. 

Indianapolis,  Ind. — The  following  bids  were 

received    I'er.  ?.n    i,y     il..-    r..unt\     c.u.thIs- 

sloncrs    for  .-r 

Fall   Creek  'e. 

$69,01:2:    M.,-  .:7; 

>'■  -     •■-     l;riU«L     Co..    $73.c;;,    .\Urlon 

c  ^tructlon     Co.,     $68,827:     M.     De- 

fr- 

Baltimore,  Md.— Westlnghouse.  Church. 
Kerr  &   Co..    New   York  Cllv.    will   report   by 

Jan.    1'-    '■-    'I-     M.  •    1 ^-     ■■   1    M '■    •■:r- 

ers*    A  -  ■.  8 

for  th'  ;e 

Bay.  Wi..-..   fc  .■.,,...  .1..  .1  ...    1,:.-   .Jv.-.-o- 

clntion. 

Bar  Harbor,  Me.— The  question  of  building 
a  bridge  or  causeway  between  Bjir  Harbor 
and    Ifcir  IsLiinl  Is  again   being  agitated. 

St.  Louis.  Mo.  .<t  l.--\ili  .\.-  .-<r  ■■  ries 
l;  a 


II, 


at 
C.   H. 


St.   Cl.ailes.  Til. 
Wlloox  and  G.  i 

Duluth,  Minn.  -   -  .<d 

pluiiK  of  Great  N  .v. 

Engln.er.    St.    1',:  d 

3d    St.     trestle.        i  :  .-     i\    ;  k     m  it 

$13.01111.  of  which  the  city  will  p.,  -,l. 

Albany,    N.    Y.— Hearing    will    i  m. 

21  by  Col.  J.  G.  I>  Knight.  U.  S.  KiiKliieer. 
on  the  petition  for  widening  the  two  rall- 
riiad  bridges  nt  this  city 

Masslllon,      O.— Con  -  of     Stark 

County.   Cjinton.    O..   :i-  •  ed   at    once 

with     plans     for     n-  of    a     lift 

bridge  over  the 

Cincinnati.    O  .tl     Traction 

Co.,    Thorn. 1       '  1  luineer,    la    to 

biilM  a   iTl-i  Av. 

Dayton.    O  -    Ky.    will    ...m- 

inenee   worl.  -'h 

i»f  Its  new   -.  -'f 

tbi-  eilv.     T!  of 

the  cost. 

Pittsburg.  P«.— The  City  Council  has 
IwsK.'d  ordinance  to  sell  $1,000,000  of  bonds 
for  till'  erection  of  a  bridffo  over  the  Alle- 
iflii-iiv    River. 

r    l.i    I-      Pi  "•    .rlnecr  J.    B. 

.1    retaining 

Harrltburg,   P.i  i.    City   En- 

glm-er.    has    be.i  make    plans 

f..r  biidges  at   l."i 

Wllllamsport,  Pa.— Viewers  have  recom- 
mendol  InnI  County  Commissioners  con- 
struct u    bridge   over  tJie  river  at    Monteom- 
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ery.      The    Commissiorers    will   raise    $250,000 
for  bridge  building  purposes  this  year. 

Fort  Worth,  Tex.— The  C.  R.  I.  &  P.  R.  R. 
is  plamiinK  to  expend  about  $500,000  in  con- 
.strueting  new  steel  and  concrete  bridges  in 
(iklahonia  and  Texas.  C.  M.  Case,  Fort 
Worth.   Tex.,   is  District  Engineer. 

Milwaukee,  Wis. — The  city  will  vote  upon 
the  proposition  for  building  a  bridge  over 
the  Milwaukee  River  from  Wright  and  Brad- 
fords  Sts.  and  at  Oneida  St. 

Railroads. 

Items  Arianged  Alphabetically  by  States. 

Birmingham,  Ala. — .Advices  from  this  city 
state  that  tlie  Illinois  Central  R.  R.,  A.  S. 
Bakh\ir..  Chief  l'2ngineer.  Chicago.  111.,  is 
soon  to  have  surveys  made  from  Haleyville, 
Ala.,  to  Birmingham.  At  present  the  Illi- 
nois Cential  is  using  the  tracks  of  the  Frisco 
froin  Jasper  to  Birmingham,  and  from  Hal- 
eyville to  Jasper  the  tracks  of  the  Northern 
Alabama   R.    R.  are  used. 

Pine  Bluff,  Ark.— Meto  Valley  Ry.  Co.,  ac- 
cording to  advices  froin  this  place,  will  have 
construction  work  begun  shortly  on  the  pro- 
posed line  from  McCreanor  south  to  Pine 
Bluff.  Survej's  for  this  road  were  made  by 
the  Rock  Island  R.  R.  over  a  year  ago.  E. 
C.  Murray  and  S.  M.  Savage,  who  are  in- 
terested in  lumber  lands  in  Arkansas,  are 
promoting  the  proposed  line,  which  is  to  be 
12  miles  long  and  will  be  used  for  logging 
purposes.  John  J.  Ball  has  the  contract  for 
building   the  road. 

Victorville,  Cal. — The  Victor  Portland  Ce- 
ment Co.  lias  raised  necessary  capital  of 
$1,500,000  tor  the  erection  of  a  million-dol- 
lar cement  plant  at  Victorville  and  for 
building  a  railroad  from  the  factory  to  the 
deposits.  The  proposed  railroad  will  be 
standard  gage  and  will  be  about  10  miles 
long.  Work  is  to  be  started  this  month,  it 
is  said.  David  A.  Mulvene  is  President  and 
John  G.  Meacham  is  Secretary. 

Atlanta,  Ga, — Preliminar.y  meeting  of  the 
committee  appointed  by  Gov.  Hoke  Smith  to 
investigate  the  feasibility  of  extending  the 
Western  &  Atlantic  Ry.  from  Atlanta  to  the 
sea  was  held  at  the  State  Capitol  at  At- 
lanta on  Jan.  6.  The  only  action  taken  by 
the  Commission  at  its  first  meeting  was  to 
organize,  elect  a  chairman  and  select  a 
time  for  the  later  meeting  at  which  the  ac- 
tive work  for  investigation  will  be  under- 
taken. J.  L.  McColIimi,  Atlanta,  Ga..  is 
Superintendent,    Western   &  Atlantic   R.    R. 

Baltimore,  Md. — Edward  Lauderbach,  a 
capitalist  of  New  York  City,  has  been 
granted  the  right-of-way  for  a  railroad 
through  south  Maryland.  Mr.  Lauderbach 
has  spent  $500,000  in  the  partial  construc- 
tion of  a  line  from  the  Millerville  on  the  P. 
B.  &  W.  R.  R.  to  Drum  Point,  the  deep 
water  harbor  in   Maryland. 

Bay  City,  Mich, — The  Canadian  Pacific  is 
iciiorled  ht'ie  as  considering  the  purchase  of 
thn  L)etrnit-iMackinac  Ry..  which  connects 
Bay  City  and  Sheboygan.  The  Canadian 
Pacific  Ry.  nlready  owtis  the  Duluth.  South 
Shore  &  Atlantic  and  by  constructing  a 
short  line  between  Port  Huron  and  Bay 
Cit.\'.  the  compan.y  would  secure  a  through 
line  from  Uuluth  to  the  Atlantic  seaboard. 
J.  G.  Sulivan,  Montreal,  Qtie.,  is  Assistant 
Chief  Engineer.  Canadian  Pacific  Ry. 

Armstead,  Mont. — According  to  announce- 
ments of  W.  A.  McCutcheon.  of  Pittsburg, 
Pa.,  President  of  the  Pittsburg-Gilmore  R. 
R.  Co.,  that  road  will  construct  a  line  from 
Armstead  on  the  Oregon  Short  Line  to  Sal- 
mon, Ida.,  this  year.  The  new  road  will  tap 
one  of  the  richest  mineral  districts  in  the 
state  of  Idaho.  Over  $100,000  is  already  said 
to  iiave  lieen  expended  for  surveys  of  the 
pro])osed    line. 

Jefferson  City,  Mo. — The  Oklahoma  & 
Golden  City  R.  R.  Co..  chartered  in  Okla- 
homa in  IStOT.  is  stated  to  have  secured  the 
necessary  capital  for  beginning  construction 
on  its  proposed  road  from  Pawhusla,  Okla., 
to  Jefferson  Cit.\'.  Mo.,  with  a  branch  to 
Springfield,  Mo.  The  total  mileage  will  be 
340  miles.  John  Griesel,  Golden  City,  Mo., 
is  General  Manager,  and  has  been  in  charge 
of  the  piomolion  work. 

Lincoln,  Neb. — The  Union  Pacific  is  stated 
to  be  planning  to  build  this  ^-ear  a  double- 
track  main  line  west  from  Omaha  through 
Lincoln,  connecting  with  the  present  main 
line  at  Central  City,  Neb.  In  connection 
with  the  project  the  Southern  Pacific,  a 
subsidiary  company,  is  to  build  north  on  an 
air  line  from  Denison,  Texas,  through  To- 
peka  to  Tjir.coln.  Russel  Huntlev,  Omaha, 
Neb.,   is  Chief  Engineer,   Union  Pacific. 

Marianna,  Ark.— H.  N.  Pharr.  216  Ran- 
doliih  KIdg.,  Memphis,  Tenn.,  is  inaking  sur- 
veys for  a  D-mile  railroad  to  extend  from 
Maiii'nra.   to   Wister  by   way  of  Aubrey. 

San  Antonio,  Tex, — The  International  & 
Great  Northern   Ry.,   O.  H.   Crittenden,   Chief 


Engineer,  Palistine,  Tex.,  will  probably 
spend  about  $750,000  this  year  in  relaying 
the  140-mile  division  between  San  Antonio 
and  Laredo  with  85-lb.  rails  and  ballasting 
track.  T.  J.  Freeman.  Houston.  Tex.,  re- 
cei\er  for  the  road,  is  reported  to  be  in  the 
iTiarket   for  2:]0  miles  of  S5-lb.   steel  rails. 

Austin,  Tex. — The  Stamford  &  Northern 
Ry.  Co.  has  filed  its  charter  and  proposes  to 
construct  a  road  from  Stamford,  Tex.,  to 
Plainview.  Tex.,  a  distance  of  1S5  miles. 
The  road  is  projected  in  connection  with  the 
extension  of  the  Colorado  &  Southerr^Sys- 
tem.  recently  purchased  by  J.  J.  Hill.  The 
incorporators  include  M.  G.  Spoonts,  Fort 
Worth,  Tex..  General  Attorney  of  the  Colo- 
rado &  Southern  in  Texas.  Construction  on 
the  road  was  to  be  started  Jan.  11.  J.  L. 
McSpadden,  Fort  Worth.  Tex.,  has  the  con- 
tract  for  the  first  section. 

Corpus  Chrlstl.  Tex. — It  is  reported  here 
that  Coleman-Fulton  Pasture  Co..  in  which 
Charles  P.  Taft.  Cincinnati.  O.,  is  interested, 
is  to  construct  a  railroad  connecting  its  tract 
of  land  in  San  Patrice  with  its  tract  of  land 
ill    I  liinniit  County. 

Beaumont,  Tex. — Beaumont  &  Great 
Northern  R.  R..  J.  H.  Clement,  Chief  Engi- 
neer, On.alaska,  Tex.,  proposes  to  build  a 
line  from  Livingston  to  Beaumont  and  Sa- 
bine  Pass. 

Electric  Railways. 

Items  Arranged  Alphabetically  by  States. 

Phoenix,  Ariz, — The  Phoenix,  Tempe  & 
Mesa  Ry.  Co.,  recently  incorporated,  has 
secured  necessary  capital  for  making  pre- 
liminaiy  surveys  of  its  proposed  route.  The 
Board  of  Directors  include:  S.  J.  Tribolet. 
L.  M.  Hoghe,  Ike  Diamond,  Andrew  Neilson. 
Harry  J.  Bennett.  M.  L.  Vienx  and  George 
Hageman. 

Fresno,  Cal. — Local  press  reports  quote  F. 
S.  Granger.  Fresno,  promoter  of  tlte  Fresno- 
Han  ford  interurban  railroad,  as  stating  that 
construction  work  on  the  proposed  line  will 
lie  started  on  Feb.  1  and  that  the  road  will 
be  in  operation  by  July  1.  Eastern  capital- 
ists are  reported  to  have  become  interested 
in   the  project. 

Melrose,  Cal. — The  Southern  Pacific  Co. 
will  luolialily  commence  construction  work 
soon  on  its  proposed  electric  line  from  Mel- 
rose  to  San  Leandro. 

Santa  Ana,  Cal.— All  the  right-of-way  for 
the  electric  railway  between  Santa  Ana  and 
Huntington   Reach  has  been  secured. 

Vallejo,  Cal. — San  Francisco,  Vallejo  & 
Napa  Valley  Electric  Railway  is  stated  to 
have  secured  necessary  capital  for  construct- 
ing its  street  railway  system  in  the  eastern 
and  southern  sections  of  this  city,  and  also 
for  extending  its  line  up  the  valley  from  St. 
Helena  to  Calistoga.  M.  Mclntyre,  Napa, 
Cal.,   is  General  Manager. 

Jacksonville,  Fla. — Advices  from  this  city 
state  that  the  Suwanee  River  Electric  Power 
Co..  W.  R.  Owen.  President.  Jacksonville, 
intends  to  let  contracts  about  Feb.  15  for 
the  construction  of  its  proposed  interurban 
system  to  connect  Jacksonville  with  Way- 
cross.  Valdosta  and  Tipton.  Ga..  and  with 
Lake  City.  Live  Oak  and  other  points  in 
Florida.  The  system  will  be  about  300  miles 
long.  Hydro  electric  power  will  be  developed 
on  the  Suwanee  River  near  White  Springs, 
Fla..    where   a   power  station   will  be   erected. 

Iowa  Falls,  la. — Steps  are  being  taken  to 
raise  funds  to  inake  preliminary  surveys  of 
the  proposed  route  of  the  interurban  line 
from  Fort  Dodge.  la.,  to  Mason  City  by  the 
way  of  Dows.  C.  C.  Wolfe.  Parkersburg. 
la.,   is  interested. 

Des  Moines,  la. — Dr.  N.  W.  Hansen.  Wal- 
nut, la.,  and  Judge  R.  L.  Parrish.  Des 
Moines.  la.,  promoters  of  the  proposed  Coun- 
cil Bluffs  &  Western  Interurban  R.v.,  sailed 
on  Jan.  13  for  London,  where  they  will  en- 
deavor to  close  a  deal  for  capital  with  which 
to  build  the  line. 

Grundy  Center,  la. — City  will  vote  on  Jan. 
20  on  granting  the  Iowa  Construction  Co. 
franchise  for  street  railway,  electric  power 
plant,  gas  plant  and  telegraph  system. 

Joliet,  III. — With  the  prinicipal  otflce  in 
Chicago  and  nominal  capital  stock  of  $50,000. 
the  Chicago.  Joliet  &  Pacific  Railroad  Co. 
has  been  incorporated  and  proposes  to  con- 
struct a  road  from.  Chicago  in  a  southwest- 
erly direction  to  Joliet  and  thence  throu.gh 
the  counties  of  Will.  Grundy.  La  Salle. 
Bureau,  Henry  and  Mercer  to  the  city  of 
Keithsburg.  The  incorporators  are  I.  V. 
Fuller.  W.  H.  Richardson  and  Charles  F. 
Blue,    of   Chicago. 

Decatur,  Ind. — .Surveys  for  the  projected 
line  of  the  Fort  Wayne-Springfield  R.  R. 
Co.  from  Decatur  to  Portland  have  been 
made  and  capital  for  construction  partly  se- 
cured.    The  date  for  letting  contracts  is  un- 


certain.     A.     W.     Fishbaugh.     Celina,    O..     is 
Chief  Engineer. 

Evansville.  Ind. — Surveys  have  been  started 
for  th..  proposed  line  of  the  Evansville.  Mt. 
Carmel  &  ( )lney  Traction  Co.  The  line  will 
hi-  70  miles  long  and  construction  contracts 
will  probably  be  let  this  year.  H.  H.  Von 
Hippel.    Newburgh.    Ind..    is    Chief    Engineer. 

Louisville,  Ky, — Louisville  Northern  Ry.  & 
Ligliting  Co.  has  asked  franchise  to  build  a 
track  on  State  St.  from  Albany  St.,  the 
present  terminus  of  the  new  Alliany  St. 
Railway  Co..   to  the  city  limits. 

New  Orleans,  La, — The  New  Orleans  Ry. 
v^-  Lii;litiiig  Co.  is  to  at  once  begin  the  con- 
struction of  its  extension  out  St.  Bernard 
Av.    to  Gentilly  Road. 

Jackson,  Minn, — The  matter  of  construct- 
ing an  electric  railroad  between  this  city 
and  Spirit  Lake,  la.,  is  under  consideration 
and  a  committee  of  which  T.  J.  Knox  is 
Cliairman  has  recommended  that  a  corpora- 
tion  lie   tiirnied  to  secure   the   road. 

Joplin,  Mo. — The  Missouri  Western  Surety 
&  Investment  Co..  which  is  projecting  110 
miles  of  interurban  line  from  Joplin.  Mo.,  to 
Bentonville.  Ark.,  Siloam  Springs  and  Hunts- 
ville.  Ark.,  has  set  aside  $400,000  for  con- 
struction of  the  road.  Surveys  have  not 
been  made  as  yet.  C.  Propper,  Bentonville, 
Ark.,  is  President. 

St.  Joseph,  Mo. — The  Interstate  Ry.  Co. 
has  completed  surve.vs  and  secured  neces- 
sar>'  capital  for  constructing  a  double  track, 
rock  ballasted,  standard  gage  electric  rail- 
road between  St.  Joseph  and  Kansas  City. 
The  road  will  lie  48^4  miles  long  and  will 
have  a  maximum  grade  not  exceeding  1  per 
cent.  Joseph  Corby,  Director  of  the  Corby 
Estate,    is   interested. 

Kansas  City,  Mo. — The  Missouri  Interur- 
ban Construction  Co.  of  Kansas  City  has 
been  mcorporated  with  a  capital  stock  of 
$30,000.  The  incorporators  are  Cliarles  W. 
McDaniels,  Howard  W.  Gibson  and  B.  H. 
Thompson. 

Springfield,  Mo, — Springfield  Traction  Co. 
is  considering  extending  its  IMunroe  St.  line 
to  the  State  Normal  School. 

Houston,  Tex, — The  Houston  Electric  Co., 
I>a\i(l  Dal.N'.  Mana,ger.  is  planning  a  number 
of  impro\'ements  and  extensions  for  this 
year. 

Galveston,  Tex. — Stone  &  Webster  Syndi- 
cate. Boston,  Mass.,  who  will  build  the  Gal- 
veston and  Houston  interurban,  are  engaged 
in  securing  right-of-way  between  Houston 
and  Galveston  for  the  line.  Two  surveys  for 
the  line  have  already  been  made  and  it  is 
believed  that  actual  construction  work  will 
be  started  as  soon  as  the  Galveston  cause- 
\\'ay  work  is  authorized. 

Fort  Worth,  Tex.— C.  B.  Duffy,  St.  Louis, 
Mo.,  has  been  in  this  city  for  the  purpose  of 
forming  a  company  for  constructing  the  pro- 
posed Fort  Worth  &  Mineral  Wells  interur- 
ban   line.     Stewart   Harrison  is  interested. 

Brownwood,  Tex. — L.  P.  Comer  and  G.  H. 
Connell.  of  Fort  Worth.  Tex.,  have  sub- 
mitted a  proposition  to  the  local  Commercial 
Cluli  to  build  a  motor  railroad  from  Brown- 
wood  to  Rising  Star.  The  promoters  pro- 
pose to  use  56-lb.  rails  and  possibly  to  con- 
vert the  road  into  a  steam  line. 

Marling,  Tex, — The  building  of  an  electric 
railway  between  Harling  and  Brownsville 
is  iieing  in-omoted  bv  Lon  Hill,  of  Harling, 
Tex. 

Dallas,  Tex. — Promoters  of  the  proposed 
interurban  railroad  from  Dallas  to  Corsi- 
cana  \ia  Waxahachie  with  a  spur  10  miles  in 
length  from  Waxahachie  to  Ennis  and  from 
tliere  to  Palestine  have  secured  more  than 
half  the  right-of-way  and  have  made  pre- 
liminar>'  suiveys  for  about  half  the  route. 
The  distance  from  Dallas  to  Palestine  by  tlie 
route  of  the  proposed  line  is  117  miles.  J. 
V.   Watkins,  Corsicana,   Tex.,   is  interested. 

Cleelum,  Wash. — City  Council  has  granted 
franchise  to  Frank  S.  Farquhar,  Tacoma, 
^^'ash..  for  the  proposed  Cleelum-Roslin 
Electric  Railway  to  build  a  road  through  the 
streets  of  that  city.  The  road  will  be  about 
12  miles  long. 

Centralia,  Wash. — A  street  railway  fran- 
chise here  has  been  granted  to  Theo.  Hoss, 
Centralia.  ^^'ash..  W.  J.  Patterson  and  A. 
Welch,  of  Portland.  Ore.  A  similar  fran- 
chise has  been  granted  at  Chehalis  and  it  is 
proposed  to  operate  a  line  between  the  two 
cities,  a  distance  of  4  miles.  Most  of  the 
right-of-way  has  been  sectired  and  Theo. 
Hoss  is  quoted  as  stating  that  construction 
\\'ork   ^\'i]l  be  commenced  shortly. 

Chippewa  Falls,  Wis, — Chippewa  Ry.,  Light 
&  Power  Co..  Eau  Claire,  Wis.,  has  secured 
right-of-wa>'  between  Eau  Claire  and  Meno- 
monie  and  will  this  spring  extend  its  line 
from   Eau   Claire   to  Menomonie. 

Weston,  W,  Va. — County  Court  has  granted 
a  I'ranchise  to  Dr.  George  I.  Keener  for  the 
construction     and    operation     of    an     electric 


lanuary    13.   i'li*!. 


ENGINEERING- CONTRACTING 


-'3 


lalluiiv    friiiu    W.»ii.Ti    •       i-     -lil       Aii-onllnc 
iM  111.-  I.Tiiui  iif  lli>-  I  Mirk  iiiiiiit   Ih- 

i'<<iiiiii<'iir<-(l     ullliin  K     ami     rnud 

must   111-  ioiiiiilclftl  tt.i ir. 

Vera  Cruz,  Mex.  S.  I't-iirsmi  &  Son.  I. Id.. 
iKilMiTK  11ml  iiwmrs  of  tin-  in-w  ?'ir.->-l  niH- 
»uv    svMli'iii    In    Vi-iii    Cnii.    iii.  1    l" 

l>.-  inimlil.-rli.i!  riinnmiitlni;  H  '-iii 

111    III.-  <liv   iif  Tumiiii'i.   Iiuluili  .ilil- 

liiK  iif  all  lnt«-rurl»iii  lliif  I.'  \nri..n-  i.«iis  In 
iliat   i*«-cllon 


Sewers. 

II.-niB  AlliiiiKid   .Mlilml"lliiill>    li.\    Slali-M. 

Mobile.  Al«.  WriKhl  .Snilili,  tv  K..  In  prt- 
liarliiK  iilaiis  anil  »|i.-ilM«-at|iin«  for  slorin 
.Inilnat;.-  for  flu-  niulli  ami  w.-sti-rn  ran  of 
111.-  .  Ily  Til.-  i-slllimli-il  ro«l  Is  alMuit  J.'.iM).- 
111111. 

Selma,  Ala.— Counrll  has  pawKfil  rc-solulUin 
1.1  li,.rp-w  t4.i")»  for  I'Xtt-nillnK  trunk  s<-\v»-r 
airo.»»  tin-  sii.iithprn  p«rt  of  the  olty. 

Corona,  Cal.— LMty  Coiincll  Is  t-nnsklerlni: 
in.-<lalllnK   a    si-»t-r   system 

LOS  Angeles.  Cal.— <^lty  Coumll  has  ap- 
lir.iviil  plans  i.f  th.-  City  KiiKlnciM-  for  the 
W.-st  Hovl.-  Hi'luhts  sewf-r  system.  The 
sewer   will   h.    about   S.IOO    ft.    loHK. 

San  Diego,  Cal-— t'ouncll  has  pas.seJ  ordi- 
nance authnrlzins  R.wrd  of  Pulilli-  Works  to 
eonstruet  the  general  enlarKement  and  ex- 
tension of  the  sewer  system  by  day  labor 
and  also  to  purehase  In  open  market  all  flt- 
tliitfs  neiessarv  with  the  exee|itlon  of  pipe. 
The  estimated  c-ost  of  the  work  to  be  done 
Is  $.'.2.!*»4:  of  this  sum  »ll,00i)  has  been  ap- 
propriated   for  pipe. 

San  Francisco,  Cal.— Board  of  SuperfUors 
have  ordered  the  eonstrm-tlon  of  the  south- 
erlv  section  of  the  Kastern  Potrero  inter- 
i-eiitlnK  sewer  in  aeoordanee  with  the  plan 
of  the  Cltv  KnKineer.  The  estimated  cost  Is 
Jl 411.0110.     'M.    Manson   Is  City   KnKineer. 

Bridgeport.  Conn. — Council  Committee  on 
Sewers  has  asked  appropriation  of  JTS.Oito 
for    sewer   work    this   year.      «Jf   this    amount 

j((. is   for  special  sewer  construction. 

Merlden,  Conn.— An  appropriation  of  $13.- 
.'lOO  has  liein  recommended  for  new  sewer 
eonstruition    this  year. 

Des  Moines,  la.— .lames  Horrabin  at  »l.?» 
per  foot  and  the  Turner  Improvement  Co. 
at  $1.S9  per  foot,  were  the  only  bidders  (or 
eonstruclInK   the   West   7th    St.   sewer. 

Davenport,  la. — Hearing  was  held  by  the 
Hoard  of  Public  Improvements  on  .Ian.  I",  for 
objections  to  the  proposed  6th  ward  sewer 
svstem.  City  Kngineer.  Wallace  Triechler. 
estimates  the  cost  at  $42.."iOO. 

Aurora,  III.— Cltv  Kngineer  Tarble  has 
about  comiileted  plans  for  So.nOli  ft.  of  sewer 
extension  In  the  Sd  and  4th  wards. 

Topeka,  Kan.— City  Kneineer  has  surveys 
under  wav  for  the  proposed  new  Kenwooil 
.si-wer  to  drain  the  Kenwood  addition  to  the 
city  east  of  Potwin.  The  district  will  be  of 
considerable  size. 

Louisville,  Ky.— Hoard  of  Public  Works  is 
havlnn  plans  prepared  for  considerable 
amount  of  sewer  work   for  this  year. 

St.  Louis,  Mo.  — Plans  have  been  made  by 
.>Jewi-r  Comml.ssloner  Kardw.-ll  for  sewers  aK- 
erejnitlnK  an  expenditure  of  $J..'iOO.(tOO  to  be 
constiucted  this  year.  Other  plans  Involv- 
ing a  larRer  ex|i.-ndlture  will  be  comiileted 
In  the  next  six  weeks.  Ordlnanct-s  autlioi- 
Izlnc  the  constructInK  "f  sewers  coslint; 
ni.ire  than  $ri.OOO,oiio  piobabiv  will  be  Intro- 
duced Into  the  council  within  tin-  next  two 
months.       The    iirincliial    items    are    for    tlie 

construction  of  7. ft.  of  lo-ft.  storm  water 

sewer  for  the  Ulver  Ki-spi-r.-s  and  the  con- 
struction of  about  six  miles  of  sewer  In  the 
Harlem  dralnajre  area. 

St.  Joseph,  Mo.  — Board  of  Public  Works 
has  plans  umh-i  way  for  an  .-xpendlture  of 
$2.iO  000  for  l.nllilInK  main  s.-w.-is  and  cul- 
certs  and  In  n-palrliiK  main  sew.rs  and 
brldces.  W.  K.  Seli7..  Assistant  Knuinei-r.  Is 
In  charKi-  of  the  plans.  Hiils  for  some  of 
111.  smaller  work  have  already  been  asked. 
Springfield,    Mo.     .Mayr    l-:rn»t   Is  ailvocat- 

liiK   tl xpenditiin-  of  »l.",o.ooo  for   InstalUnK 

storm  Mewers. 

Reidsvllle,  N.  C— Klectlon  will  proliablv 
111-  held  to  Vote  on  the  Issuance  of  bonds  for 
Installlne  sewer  svstem  and  street  Improve- 
ments.     K.  .S.  Montgomery  is  .Mayor. 


Cincinnati,  O —'><•■    IjikIm.  .  i  .•^un.lia.ik.i  i» 

to     HUblllll     |il.> 
went     of     Toll 

frttm     the     e.\i-    .    _ 

Creek.  Coleniln  Ai.  lu  lU«?  liuulli  <oii»oi.illoii 

line  of   Ml.    Alrv. 

Colllnsvllle,  Okla.— City  Is  Utklng  Hirpa  to 
secure  the  conslructlun  of  a  iianltary  sewer 
syMtem. 

New  Castle,  Del.  ,>ii 
Coiiimlrslon.  .\  N  111/- 
slderUiK     «alllm;      i     -!■■ 

pUr|HiSe     of    a^  1     'he 

lleople     rehltl  '      the 

tiroposetl  new  '■ 

Chattanooga,  Tenn.  — Hill  Is  m  loiiie  before 
the  Stall-  I.. uislaiuri-  In  authorize  the  clly 
to  Issii.-  Jlle. f  bimds  for  sewer  work. 

Arlington,  Tex.— Clly  has  voted  to  Issue 
$:.-..oiiii  of  iMinds   for  sewer  eonslructlon. 

Bryan,  Tex.— City  Council  has  been  asked 
to  arranKe  for  a  bond  election  for  the  pur- 
pose of  securlnB  a  sewer  system  and  for  liii- 
pn^nlnK  the  water  and  llslu  plants.  J.  T. 
.Maloney  Is  Mayor. 

Winchester,  Va.--An  election  was  held 
.Ian.  s  to  vote  on  Installlni!  a  sewer  system. 
W  H  l^ik.-r  is  Pr.-sldent  of  the  City  Coun- 
cil. 

Tacoma,  Wash. -Plans  are  under  way  by 
Frank  L.  l>avls.  city  Knglneer.  for  a  storm 
water  sewer  system,  preliminary  estlinat<-s  of 
wlilch  have  been  ordered  by  tin-  City  Coun- 
.11.  The  plan  calls  for  laiK.-  trunk  sew.-rs 
whl.-h  will  cost  approximately  tnoo.ooo.  It 
is  expected  that  money  for  their  construc- 
tion will  be  voted  at  a  bond  election,  to  l>e 
held  in  tin-  spring.  One  of  the  larsest  of  the 
propos.-.l  trunk  lines  will  be  a  ".-ft.  brick 
sewer  in  T  St. 

Kenosha.  Wis.— City  Kngineer  has  com- 
pleted plans  for  a  trunk  sewer. 

New  Toronto,  Ont..  Canada.— T.  .\lrd  Mur- 
rav.  Consulting  Kngineer.  Toronto.  Ont..  Is 
preparing  plans  for  a  siw.r  svsli-m  for  this 
place. 


Is 


College    HIM     (P.    O..    Cincinnati),    O.— Cltv 

III  sell   a   $2.'i.onn  bund    Issu.-  on    heb.  8   foi 


st-wi-rs. 


F.    n 


inslnniiim      of     .sanliary 
Strong    is    Villag.-    Clerk. 

Akron,  O.  Huar.l  of  Public  Works  Is  {•• 
construct  storm  water  .sewer  along  the  rail- 
road tracks  from  the  Union  Depot  to  tin- 
Old    ForBc. 

Canton,  O.—U.   D.  Bll-<1,  at   tS.Ml.   was  low 
Iddd.-r     for    (onstructlng      the      I.unden 
st.irm  s.-wer. 


St. 


Water  Supply. 

Items  .\rrang.-d  .Alpliabelically  by  States 

Danville,  Ark.— The  Danville  Electric 
U-'ht  *  Wat.-r  Co..  recently  Incorporated 
with  a  capital  stock  of  JIO.OOO.  is  to  estab- 
lish a  water  works  plant  and  al.so  is  to  fur- 
nish llglit  and  power  for  this  city.  IX  I- . 
Montgomery-.  C.  T.  Meadows  and  A.  .M.  Falls 
are   the   incorporators. 

Eldorado,  Ark.— The  Kldmado  Light  * 
Wat.-r  Cii  has  b.en  Incorporat.-d  with  a 
capital  siiick  of  sriii.ooo.  .lohn  B.  Holmes.  S. 
R.  Morgan  and  .1.  H.  Ifudson  are  the  Incor- 
porators. 

San  Diego,  Cal.— Board  of  Public  Works 
iiavi-  been  asked  to  lay  water  mains  in  Na- 
il.mal   Av.    to   40th   St. 

Perry,  la. — Th.-  local  w-ater  works  are  to  be 
I.  I. Hill   at   a    cost   of  about   $l.=i.OO(l. 

Downey,  Cal.-The  Downey  IJKhl.  ^y««•'■ 
&  Power  Co.  has  b.-.-n  Inc-irponited  with  a 
capital  st.ick  of  J7-V00O.  Th.-  lm-or|i..i-ati.rs 
are  .1.  R.  CJord-.n.  Floren.-.-  Gordon.  11.  «- 
Hag.-rman.   .\.    I..   Darby  and  J.   h.   Ardls. 

Arvada,  Colo.  The  town  Is  .-onsldei  Int 
s.-i-uring  a  water  system.  Richard  Russell 
is    Ma VI II 

Bloomlngton,   III.— The   Board  of  U>cal  Iiii- 
iirov. -minis    lias    adopted    .-stimates    for    In- 
sialiing   a    wat.-r   miln   in   South    Madison  St. 
Cerro    Gordo.    III.- City    is    .  onsldering    In- 
stalling  water   works. 

Emporia.    Kan.— City    Coum-il    has    d.-chle  1 
to   add    20    nioie    v^eils    to    Its    water    system. 
Vl\a    Sndlli   is  City    Kngln.-er. 
St.      Matthews,      Ky.-The     S.       Matthews 

Water     Supply     CO.      has  "■'";.;;" 

wltli  a    capital   slock   of   I  ,T',„, 

i.orators  an-  H.-nry  Bau.-r.  l-r  ami 

Hudlv   ilr.-giirv 

Ann  Arbor,  Mich.— Kxtenslxe  Improv- 
m.  nts  aiv  To  I-  ina.l.-  to  Its  water  work,  by 
III.-    Ann    Arbor    Wal.-r  C. 

Elmore,  Minn. -City  has  v..i.-il  *X.m^  of 
IhiimIs  for  the  .-onslructlen  "f  a  new  water 
works   svstem. 

Holly  Beach.  N.  J.  -City  Council  Ims 
granteil    fran.-hls.-    lo   the   l-lollv    B.-»oh.   W  Ihl 

W I    &     North     Wild    W.10.I     Water    <  o.     lo 

>-i.-i-t    a    wal.-r   plant. 

Bartlesvllle,   Okla.      -  "111  be 

,  iilliil  sli.irth    111  ii'i'  '"  '■"• 

alil.-     th.-    lily    lo    pii'  ■    »nt.-r 

works  plant. 

Kiowa,  Okla.— <"liy  lu«»  voi.-.l  LTS.ooo  of 
luuiits   for   Installing  water  works. 

Tulsa  Okla.  cltv  Ci.nr.ll  has  authorlieil 
a  sp.-iilil  .l.-ciion  III  M.I.-  on  Ih.-  Iwuiinc.- 
of  $22.'..ooo  of  bon.ls  for  bulldlKK  a  pipe  line 
to   Colllnsvllle.   .•slnbllshlnK    syst.-m    for   pub- 


lie  work  luirk.-i.  .  r  InrKli.t;  'I.,  lire  syslein. 
Inipr.is  Ing   t ' 

Lebanon,     t'  .  .;ln     In     the 

>.i.'  I •<  I  >iiin  No. 

:;  ly.     An 

,i:  ide    for 

II 

Pottsvllle,  Pa.— Potlsvllk-  Water  Co.  la 
planning    to  erect   a    lurg.-   storac""    rei«er\-olr. 

Cleveland,  Tenn.— The  city  ia  conalderins 
liureluising    tin-    loiiil    water    work*    for   t&O,- 

0011 

Chattanooga,    T^  .-n 

JMiss.-d    by    th.-    ■  ',ir 

I'JOD.WO    for   th.-    I - -.. i.   of 

a    water   w.irks  plant. 

Anson,  Tex.— Pkins  are  l>elnK  prepared  (or 
water    WMiks    for     this    pUice    lo    coat    alMUt 

I20.0IH1      Th.    ii'N'.ll   Kiigii rinic  Co..  Dallas. 

T.-x..    tir.-   efigln.-.-is. 

Haskell,    Tex City    luia    voted    tSS.uOU    of 

iMinds  for  water  works  and  alreet  Improve- 
ment. 

Orange,   Va.     Plans   f..i  :,-r 

w.irks  sysl.-m  f.ir  this  i-lt>  ire 

b»-lng  pr.-par.-.l  li.\  I».  <».  .i-i--i:«  -  i  k;- i  .  .»n- 
sulilng    i;nglm-.-r.    Baltim..r.-,   Md. 

Brewster,  Wash— .\  n,-u  .-th  nnv  .-om- 
IMis.-d   of   I>.    S.   < Iambi.-   "I  K. 

.1.    Cliffor.l.    c.     V      KIxe    i-  to 

liur.-hase  the  h. tidings  of  i  iter 

&  Pow.-r  Co..  which  contruU  lie-  --ilj  sys- 
tem 


TRADE  NOTES. 

The  Marquette  Cement  .Manufacturing  Co., 
which  has  Its  works  ai  Iji  Sjille  III..  Is  to 
add  machinery  and  •  '    will  In- 

i-r.-a.s.-     Its    total    ln%  le     than 

$2,000,000.      Tlo-    Imi-  imr.-ase 

the    output    30    per  of    last 

year,     bringing     the  l.bls.     of 

Porllanil     cem.-nt     il  ■-"     were 

Stiirt.Mi    twelve    v.-ai>  ■    of 

.'lOO    bbls.    a    day.      T  l.-d 

.mil  .llr..i..|  tiv  Wii;  •:  -k- 

-'.■'•  _  in- 

for 

-.M 

at- 

of 

ing 


USi  d    Lllgclj    in    ..^--I.-i     bui 

The  l,.-adlte  Co..  In... 
flew  oflit-es  in  the  l^"-' 
and    Chestnut    Sis..     ' 

.Announcement    ha- 
after    th.-    ilepai ' 
the     t^ulncy.     .\i 
N.-w   York  and  ' 
.ler   the  old  an.l    i.uuii  .n 
C  Comiwny. 

The  New  York  omo-s  of  Arthur  Koppell 
Co.  I.ave  been  moved  from  68  Broad  St..  to 
30  Church  St. 

Krnst  Wiener  Co.  has  moved  Its  San  Kian- 
.-Isi-.i  otlt.-.-  from  307  tBalb<m  Uldg.  lo  2IC 
S.-ond    ."St. 


d    lo    lis 
.  .  ;-  .    Bread 

i.i.    Pa. 

le   that   here- 

-•    of 

of 

in- 

1,    .  I     I  III-  .^  ft 


lo 
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\ol.  XXXI,     No.  2. 


Roads  and  Streets  Section:  WATER- WORKS. 

Standard    Details    for    Highway    Con- 
struction      '• ^^  Hugo.    Oklahoma.   Jan.    Sth.    1SU9. 

Removin.a:    Snow    from    Streets    with    a  Notice    is    hereby    given    that    the   City 

Road  Grader,  and   Some  Costs 11  council    of    Hugo.    Oklahoma,    will,    until 

Water  Works  and  Sewer  Section  :  g   p    ^     February  2(J.   1909.   receive  bids 
Water     Works     Valuation     and     Fair  g^^  jy^g  q^^^  Clerk's  offlce,  to  furnish  ma- 
Rates  in  the  Lightof  the  Maine  Su-  terials,  tools  and  labor  for  the  construc- 
preme  Court  Decisions  in  the  Water-  ^^  ^j^^    ^j  ^   water-works    plant    for   Hugo, 

ville  and  Brunswick   Cases 1-  Oklahoma,   according  to  plans  and  speci- 

Bruges,  BriLiilNGS  and  Foundations  ;  ocations  on  file  with  the  City  Clerk,  and 

Design  of  Centers  for  2.33  Ft.  Concrete  ^j^^  j^  ^^^  ^flice  of  Hiram   riiillips.   St. 

Arch  Walnut  Lane  Bridge,   Philaael-  ^ouis.   Missouri, 

phia,  Pa.,  with  Some  Comparisons  ot  ^^^^  magnitude  of  the  work  to  be  done 

Cost     ig   about   as  follows: 

Railway  Section:  q^^  j,^ipj^  power  House. 

Comments    on    the     Manufacture      -ind  one  3-million  gallon  concrete  reservoir. 

Use   of    Steel    Rails -<l  ^^.^  j-p  jj     p    tubuja,-  boilers. 

General  Section  :         ^  „,     .       r,    ,,,     ■  Two  2-million  gallons   pumps,   each. 

Methods  and  Cost  of  Placing  Puddle  in  ^^^  ^^^  ^^   ^^   ^j,.  compressors  each. 

a  Cofferdam  by  Pumping A-i  ^  ^gg  ft,  14-  cast  iron  pipe. 

1.790  ft.    12"  cast  iron  pipe. 

1,610    ft.    10"   cast   iron   pipe. 

f^f         IKIKIP          /tT        GAS  5.510  ft.   8"  cast  iron  pipe. 

v/v         javxvvx                         „„T,  55.485  ft.   6"  cast  iron  pipe. 

IFGIIE     IllCinC    LIGHT-  14.365   ft.    4"  cast    iron   pipe. 

ING    PLANT.  ^^^  ^'"^^  Hydrants. 

„,.        t'       ^    ,nnn  Two  14"  valves. 

Milwaukee.  Wis.,   Jan.   6,   1909.  ^^^  ^,„  ^^^^^ 

Sealed  proposals  will  be  received  at  this  ^^^  ^^„  ^^^^^ 

office    until   Wednesday,    Feb.    17,    1909,    at  Seven   8"   valves. 

10:30    o'clock   a.   m..    for    furnishing     and  Forty-five  6"  valves. 

erecting  complete  in  running  order  ready  Twentv-two  4"  valves. 

for   use,    in   buildings  and    on   foundations  ^^^^    Water    Meters. 

to  be  furnished  by  the  city  of  Milwaukee,  Material    for    700    House    Connections. 

all     the     machinery     and     appurtenances  ^^^^    ^^^^^^    ^^    ^^^^    ^po„    blanks    fur- 

thereto,  necessary  to  make  a  complete  in-  nished  by  City  Clerk,  which  will   be  fur- 

stallation    of   a    gas   producer   and   a    gas  nighed   unon   application, 

engine   electric    li,?hting   plant,    said    plant  ^    ^^j,   ^^  ^^j^^   prints   and  specifications 

to  be  located  on  blocks  70  and  95.  on  the  ^.jj  ^^  furnished  by  the  Council  upon  re- 

corner   of   Walker   and   Davidson    streets,  ^^.^^    ^^    ^^  ^^     which    will    be    refunded 

in  the  Fifth   ward  of  the  city  of  Milwau-  ^^^^    receipt   of   bid   and  return   of   plans 

kee,  according  to  plans  and  specifications  ^^^   specifications. 

(dated  Dec.  24,  1908)   on  file  in  this  office.  ^^^^    Council    reserves    the    right    to    re- 

Work    to     be      completed      within      ten  .^^^  ^^^  ^^  ^,j  ^.^^_ 

months    from    the    date    of    the    award    of  ^    deposit    of    5%     of    amount     ot    bid 

the    contract,    failing   in    which    the    con-  _^^^^^  accompany  bid. 

tractor  shall  pay  to  the   city  ot  Milwau-  ^     j^    GIBBS, 

kee   as    liquidated    damages    the    sum    ot  attest-  Acting  Mayor. 

$750   per   day    for    each   and    every    day's  '   .^^.    ;^     eCHOLS'  Clerk, 

delay  in  completing  the  work. 

Bonds    to   accompany    bids    required    in  

the  penal  sum  of  $45,000,  or  in  lieu  there- 
of the  bidder  may  deposit  with  the  board 
of  public  works  the  sum  of  $22,500  in 
money  or  certified  bank  check. 

In  case  bonds  are  submitted  with  bids, 
local  bondsmen  or  a  surety  company  au- 
thorized to  do  business  in  the  state  of 
Wisconsin  will  be  required. 

All  moneys  deposited  will  be  returned 
to  unsuccessful  bidders  on  award  of  con- 
tract and  to  successful  bidder  when  con- 
tract is  entered  into. 

Plans  and  specifications  will  be  fur- 
nished to  prospective  bidders  on  the  re- 
ceipt of  $25  as  a  guarantee  for  their  safe 
return. 

CHARLES   J.    POETSCH, 
J.   P.   SHERER, 
L.   A.  JANSEN, 
A.    J.    GRUNDMAN, 
Commissioners  of  Public  Works. 

AUGUST  M.  GAWIN,  Comptroller. 


CONCRETE  SEWER. 


SEWER    SYSTEM. 

Purcell.  Okla. 
The  City  of  Purcell,  Okla.,  will  let  con- 
tract for  the  construction  of  a  system  of 
sanitary  sewers.  Bids  will  be  received 
up  to  Monday,  January  25,  1909,  at  4 
o'clock  p.  m.,  and  opened  at  8  o'clock 
p.  m.  of  same  date.  Plans  and  specifica- 
tions can  be  seen  in  the  City  Engineer's 
office.  The  city  reserves  the  right  to 
reject  any  or  all  bids. 

M.    S.    ROBERTSON,    City    Clerk. 


Louisville.   Ky. 

Sealed  proposals  for  the  construction 
of  a  sewer  known  as  the  Southern  Out- 
fall Sewer.  Section  "F,"  Contract  No.  20, 
of  the  Comprehensive  System  of  Sewer- 
age for  the  City  of  Louisville.  Ky.,  will 
be  received  at  the  office  of  the  Commis- 
sioners of  Sewerage  until  12  o'clock  noon, 
January   22,    1909. 

The  work  will  consist  mainly  of  build- 
ing a  reinforced  concrete  sewer  12  feet 
in  diameter,  about  2,440  feet  long,  includ- 
ing about  3,630  cubic  yards  of  concrete 
and    236,000   pounds   of   steel. 

Plans  and  specifications  may  be  seen  at 
the  office  of  the  Commissioners  and  at 
the  offlce  of  Harrison  P.  Eddy.  Consult- 
ing Engineer.  14  Beacon  St.,  Boston, 
Mass. 

Sealed  bids  should  be  endorsed  "Pro- 
posal for  Section  'F,'  Southern  Outfall 
Sewer,"  and  addressed  to  the  Commis- 
sioners of  Sewerage,  Equitable  Building, 
Louisville,  Ky.  Each  bid  must  be  accom- 
panied by  a  certified  check  for  at  least 
seven  per  cent  (7%)  of  the  total  amount 
of  the  bid,  or  a  "Bidder's  Bond,"  as 
described  in  the   form   of  proposal. 

P.    L.    ATHERTON,    Chairman. 

CHAS.    P.    WELAVER,    Secretary   and 
Treasurer. 

J.    B.    F.    BREED,    Chief  Engineer. 


^^sfspifiig^ 


THE 

NEW  YORK  CONTINESTAL  JEWEIL 

FiLTBATJON  COM?AHY 

FILTERS 


Ge/jisral  Contractors 
CHICAGO  NEW  YORK 


•MMMUaiMailMlfMH 


THE  „OHNSON 

Well  Screen 

All  sizes.    Brass.   Large  Capacity. 

Non-choking      Used  everywhere. 

Write  for  Booklet  "EC" 


E.E.JOHNSON, 


St.  Paul,  Minn. 


Nature  Adorned 

Laying  out  of  Parks,  Beautifying  Municipalities 
and  Country  Seats.  Tree  Planting  Tree  Diseases 
Treated.  Write  For  Particulars. 

F.    R.    MEIER.    Consulting    Forester 

1  Broadway.  NEW  YORK 


YOUNG  eSOE^S 


I  ENOINBERINO  MIXING  AND  1 
SURVEYWO  INSTRUMENTSl 


PHILADELPHIA 


W.  (BL  L.   E.   GURLEY 

TROY.  NEW  YORK 

Manufacturers  of 

Civil     Engineers'   and    Surveyors' 

INSTRUMENTS 

Catalogue  and   detailed   information  on  request 


The  Military  College  ol  tbe  Slate  ot  Vermont 

NORWICH  miVERSin 

Nortblield,  Vermont 

Courses:  Civil  EnEineerintr,  Electrical  Encinoerinj;:, 
Chemistry.  Arts.  Science  and  Letters.  Military  Dis- 
cipline with  complete  routine   and  instruction    (or  alU 

Fur  full  inrorraation,  address  THE  SECRETARV. 


BEST  EXTENSIBLE  TRENCHING  ARACE  MM)E 

F^RV.alfUCHINC  M 


KALAMAZOO: 


MICHIOAN 


,   CAST   MAIN   ST. 


Standard  Plans  for  High  way  Bridges 
of  Reinforced  Concrete 

Those  plans  ffive  complete  details,  bills  of  material,  etc. 
and  are  free  from  patented  features.  I  also  prepare 
special  plans  for  bridges  or  other  structures  at  reason- 
able rates  and  invite  correspondence  with  Contractors 
r<'i)uirlne  such  plans  for  competitive  bidding,  etc 
WILBUR      J.      WATSON.     Member    Am.    See.    C.    E. 

Expert  Designer  and  Inspector  of  Bridges 
Citizens  Building  Cleveland  Ohio 


January   i.v   lOOO. 
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WATER      WORKS,       ELECTRIC- 
LIGHTING  AND  SEWER- 
AGE   SYSTEM. 

Kust  i'olnt.  <Jn. 

Sraletl  propuKUlH  will  be  recelvctl  by 
the  Mayor  and  City  Council  of  Eaat 
Point.  Ga..  until  3:30  p.  in.  January  ID. 
1909,  for  fumlHhIng  and  erecting  at  East 
Point.  Ga..    the  followInK   material: 

One  l."iO-hor»e-p<>\v<T  boiler  TIxlS  and 
mack. 

Two  TSO.OOO-galiun  fn|)acll>  In  21  hours 
compound  duplex   pumps. 

One  lioller-feed  pump. 

One  125-hor8e-power  direct-connected 
four-valve  engine. 

One  air  compressor  and  receiver 

Seventy-five  hydrants. 

Forty-nine   flush   tanks 

Seven  hundred  tons  cast-iron  pipi'  and 
specials. 

Excavating  and  building  reservoir  7.'i 
feet  In  diameter  anil   10   feet  deep. 

Building   pumping   station. 

One  100-kllowatt  alternating  grnerator. 
direct  connected;  revolutions.  200  per 
minute. 

Twenty-live  arc  lamps  iind  regulator. 

Pole   lines. 

Switchboards  and  feeder  panels.  In- 
cluding all   instruments. 

Building  about  12  miles  sewerage. 

Digging  one  or  two  6-lncli  and  8-lnch 
wells. 

The  city  reserves  the  right  to  reject 
any  or  all  proposals. 

Specifications  can  be  had  by  applying 
to   E.   H.    Davis,    engineer.   Griffln.    Ga. 

This   December  15.    1908. 

J.  c.  Mckenzie. 

Mayor  of  Town  of  East  Point. 
S     M.    McCOWELL, 

Clerk   of  Town   of  East    Point. 


DREDGE  WORK. 

Logan,  Iowa. 
Bids  will  be  received  by  the  Auditor  of 
Harrison  County  at  Logan.  Iowa,  up  to 
10  a,  m.  February  10th.  for  the  dredge 
work  on  the  Boyer  River  Improvement 
Ditch.  In  said  county.  The  ditch  Is  6.38 
miles  long  and  the  excavation  amounts  to 
311,000  cubic  yards.  Construction  work 
to  commence  on  or  before  April  13,  1909. 
and  be  completed  by  January  1,  1910 
For  copies  of  specifications,  contract  and 
5ther  Information  apply  to 

G.    W.    ATKINS,   Auditor. 

Logan,    Iowa. 

Or  to  SKTII   DEAN,   Cons.   Engineer. 

Missouri    \*:illey,    Iowa. 


OFFICE  OF  THE  CONSTRUCTING 
QUARTER.MASTER.  Fort  Crook.  Ne- 
braska, December  21.  190S.  Sealed  pro- 
posals. In  triplicate,  will  be  received  at 
this  odlcc  until  U  o'clock  a.  ni.,  January 
21,  1909,  and  then  opened,  for  construct- 
ing one  brkk  stable  and  one  brick  bakery, 
anil  for  Installing  plumbing,  steam  heat- 
Ini,',  electric  wiring  and  electric  lighting 
tixuires  in  buildings  specitled.  Plans  and 
spi(  lllcations  moy  be  seen  by  Intending 
blililers  at  the  olllces  of  the  Chief  Quar- 
I«Trnasler.  Department  of  .Nllssourl, 
inimlia.  Neliraskii;  Diparlincnt  of  the 
(Colorado,  Denver,  Colorado:  Deprirtment 
of  the  Lakes,  Chicago.  Illinnis:  Di>parl- 
ment  of  Dakota,  SI.  Paul,  -Minnesota,  and 
at   this  olllce. 

N>'ics.sary  blank  forms  and  full  Infor- 
mation furnished  upon  application  here. 
A  ili'pnsit  of  $10,00  to  Insure  return.  Is 
required  before  plans  nru  sent  ui>on  In- 
dividual application.  The  United  States 
reserves  the  right  to  reject  any  or  all 
bids,  or  to  accept  any  part  of  a  bbl  that 
may  he  advantageous  to  the  Government. 
Envelopes  containing  proposals  must  be 
endorsed  "Proposals  for  Put>lic  Build- 
ings," p:tc..  Fort  Crook,  Nebraska,  and 
addres.sed  to  Cnpt.  Joseph  F.  Gohn,  Con- 
structing Quartermaster. 


WATER  WORKS. 

Daytona.  Fla. 
Sealed  proposals  will  be  received  by 
the  Board  of  Public  Works  of  the  City 
of  Daytona.  Florida,  at  the  City  Hall  of 
said  city,  up  to  three  o'clock  p.  m..  of 
the  twenty-fifth  day  of  January,  1909. 
for  furnishing  materials  and  constructing 
a  system  of  waterworks   for  said   city. 

There   will   be   required,    approximately, 
the  following: 
1  000  tons  cast-iron  pipe. 
IG  tons  special  castings. 
76  two-way  (Ire  hydrants. 
10  10-Inch  gate  valves. 
20  8-inch  gate  valves. 
60  6-Inch  gate  valves. 
3  8-inch  check  valves 
1  pressure  release  valve. 
Gasoline    engine    and    power    pump    of 
1.100.000  capacity,   with   100  pounds   pres- 
sure. 

Elevated  steel  tank  and  steel  tower. 
7  4-inch  artesian  wells. 
Concrete     foundations,      pumping-plant 
building  and  concrete  receiving  well. 
Installing   system. 

Bids  win  be  received  for  furnishing  any 
of  the  above  materials  and  work  or  for 
constructing  the  works  complete.  A  cer- 
tified ehtck  equal  to  5  per  cent  of  the 
amount  of  the  bid-  must  accompany  each 
bid.  Checks  to  be  made  payable  to  the 
Chairman  of  the  Board  of  Public  Works 
of  the  City  of  Daytona.   Florida. 

The  right  Is  reserved  by  the  Board  to 
reject  any  or  all  bids  should  It  be  deemed 
for  the  best  interests  of  the  city  to  do  so. 

C.    M.    ROGERS. 
Engineer  of  the  Board  of  Public  Works. 

PAVING. 

Pensacola,    Florida. 

Sealed  proposals  for  the  construction  of 
concrete  sidewalks  In  the  City  of  Pensa- 
cola.  Florida,  will  be  received  by  the 
Board  of  Public  Works  at  the  City  Hall 
up  to  12  o'clock  noon  of  the  18th  day  of 
Januar>',  A.  D.  190D,  proposals  to  be  ad- 
dressed to  L.  G.  .•Vymard,  Clerk  of  the 
Board  of  Public  Works,  and  endorsed 
"Proposals  for  Construction  of  Concrete 
Sidewalks." 

The  work  contiemplated  consists  of  ap- 
proximately 634,000  square  feet  of  con- 
crete sidewalks.  Specifications  and  blank 
form  of  proposal  and  contract  can  be  ob- 
tained from  the  oflice  of  the  City  Engi- 
neer, Room  No.  203,  City  Hall. 

The  right  Is  reserved  to  reject  any  and 
all  bids. 

Each  proposal  Is  to  be  accompanied  by 
a  certified  check  for  $300.00,  payable  to 
the  City  of  Pensacola. 

LEE    DANIELL, 
Chairman   Board  of  Public  Works. 

L.   EARLE  THORNTON,  City  Engineer. 

BUILDING   MATERIALS. 

Chl.-ag.j.  111. 
The  Ailing  construction  Co.  are  the  low 
bidders  for  the  Inllrmury  for  the  County 
of  Cook  to  be  built  in  Oak  Forest.  III. 
This  concern  Is  In  the  market  for  labor 
and  material  for  about  l.OtJO.imn  square 
ffft  of  reinforceil  concrt'te  IUkh-s.  10.000.- 
0(10  brick,  30,000  bnrn-ls  of  ninont.  and 
also  steam  fitting,  plumbing,  heating, 
electric  wiring,  smokestack.  concrete 
blocks,  power  plant,  ornamental  and  mis- 
cellaneous Iron  work,  plastering,  paint- 
ing, slate  roofing,  sheet  metal  work, 
glazing  and  all  other  branches  of  work 
which  go  to  make  a  complete  and  fin- 
ished  building. 

AI.MNG   CONSTRUCTION    CO., 
7"    Madison    St..    Chicago.    III. 


TUNNEL. 

Shamokln.  Pa. 
Bid"  will  be  received  by  the  Mineral 
Itallroad  A  Mining  Comiiany  for  the  driv- 
ing of  a  tunnel  from  the  No.  4  seam  to 
the  No.  2  M*-ani  north  In  No.  1  iilop<*  level 
Kt  the  Cameron  collleo'-  Total  dlnlance 
about  600  feet,  to  be  driven  by  nmclilne 
wi>rk.  The  t-om|iany  to  furnish  steam  and 
<■•  impress*. r.     Speclfl-  1"  n 

at    th«-    (ifilci-    i.f    the 

Mi.ikln.    I'u.      All    '•11  .    :,> 

ilii-   2.'.th   of  Jar  •  rln- 

I'lid'-nt    reser\i  ~  :    any 

or  nil    bids. 

K'    A.    RHO.ADS.  Superintendent. 

COURT  HOUSE. 

Omaha,    Neb. 

Notice  Is  hereby  given  that  the  Board 
of  County  Commissioners  for  the  County 
of  Douglas  and  State  of  Nebraska  will 
receive  bids  for  the  construction  of  a 
Court  House  for  Douglas  County,  accord- 
ing to  the  plans  and  specifications  on  flle 
In  the  oHlce  of  the  County  Clerk  of  said 
county.  Bids  will  be  addressed  to  D.  M, 
Havcrly,  County  Clerk,  enclosed  and 
sealed  In  properly  endorsed  envelopes, 
and  filed  with  him  not  later  th.in  March  1, 
1909,  at  12  o'clock  noon,  at  which  tlma 
said  bids   will   be  opened. 

Copies  of  the  plans  and  specincatlons 
can  be  obtained  from  the  undersigned  or 
from  the  Architect.  John  Latenser.  632 
Bee  Building.  Omaha  upon  application. 
A  certified  check  for  $50.00  must  accom- 
pany all  applications  for  plans,  as  a 
guarantee  that  bids  will  be  submitted  on 
the  same,  the  check  to  be  returned  when 
the  bids  are  opened. 

AM  bids  must  be  submitted  on  blank 
proposals,  which  will  be  furnished  on 
application  by  the  County  Clerk,  or  John 
Latenser,  Architect. 

Samples  of  stone  and  granite  upon 
which  bids  are  based  must  accompany 
each  bid. 

Each  bidder  must  submit  with  his  pro- 
posal a  certified  check  In  a  sum  equal  to 
3  per  cent  of  such  proposal,  the  same  to 
be  drawn  In  favor  of  the  Board  of  Coun- 
ty Commissioners  of  Douglas  County, 
Nebraska. 

The  Board  of  County  Commissioners 
reser\es  the  right  to  reject  any  and  all 
bids  D.     M.    HAVERLT. 

County  Clerk,   Omaha.    Neb. 

PAVING. 

Huntsvllle.  Ala. 
Sealed  bids  wanted  for  paving  Clinton 
street.  In  the  City  of  Huntsvllle.  Ala- 
bama, with  Granitoid,  BItullthlc.  Brick. 
Asphalt  or  Mineral  Rubber  Asphalt- 
Bids  to  be  received  till  the  19th  day  of 
January,  1909.  This  city  reserves  the 
right  to  reject  any  or  all  bids.  Work 
to  be  done  In  accordance  with  specifica- 
tions now  on  file  in  the  office  of  the 
City  Clerk  In  the  City  of  Huntsvllle. 
Alabama.  Payment  as  work  progresse* 
to  bo  made  In  cash  or  bonds.  Certified 
checks  of  $100  to  nrcompany  bids.  Ad- 
dress   Mnyor     Huntsvllle.    Ala. 

R.    E     S.MITH.    Moyor. 

MONUMENT. 

l:.>(-l.f,,:,l       III 

The      Illinois-. \  lent 

Commission   Invii  -Ign, 

ond  for  the  ereciiun  u(  a  niununi<-nt.  In 
accordance  with  said  design,  at  Ander- 
sonvlllc.  Georgia.  Full  Information  as  to 
proposed  monument  will  be  mailed  on 
Bppllcotlon  to  LEWIS  F  LAKE.  Secre- 
tary of  the  Coniinlsslor.,  at   Rockford,  IH. 
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List  of  Contractors'  Supplies. 


If  yoi;  wish  catalogs  of  the  leading 
manufacturers  send  us  ^  postal  card 
giving  your  address  and  business,  and 
the  list  numbers,  as  shown  below,  of 
articles  of  which  yov:  want  catalogs. 

This  will  save  you  the  trouble  of  writing  a  large 
number  of  letters.  Should  you  later  on  have  cor- 
respondence direct  with  the  manufacturers,  we 
shall  appreciate  it  if  you  will  state  in  your  let- 
ters that  you  are  indebted  to  this  paper  for  the 
introduction.  Such  a  statement  will  be  mutually 
beneficial. 


llifi  Kngines,   traction. 
ItiT  K.xpansion   bolts. 
IBS  Expanded   metal. 

169  Expanders,  tube. 

170  Exploders. 
172  Explosives. 


Air    compressors.    See 
94. 
2  Asbestos. 
4  Asphalt. 

6  Asphalt  plants. 

7  Asphalt  tools. 

8  Augurs,    pneumatic. 

10  Ballast  spreaders. 

12  Ballast    unloaders. 

13  Barrows,    concrete. 

14  Bearings,      ball      and 

roller. 
16  Bearings,    self-oiling. 
18  Bellows. 

Belt  conveyors.  SeelOS 
20  Belt   dressing. 
22  Belting,   canvas. 
24  Belting,    chain. 
26  Belting,    leather. 

28  Belting,   rubber. 
Benders,   rail.   See   404 

29  Benders,      steel    rein- 

forcing rod. 

30  Blacksmiths'    tools. 

31  Blasting  batteries. 

32  Block     machines,     ce- 

ment and  concrete. 

33  Blocks,    tackle. 
Blowers.     See  180. 

34  Blast    hole    loaders. 

35  Bolts  and  nuts. 

36  Blue  print   machines. 

37  Boots,    engineers'   and 

contractors'. 

38  Boilers. 

39  Boiler  covering. 
Bonds,    contractors' 

surety.    See    98. 

40  Brakes,  air, 

41  Bridge    railings. 

42  Brick,    building. 
44  Brick,  paving. 
4.')  Brick    machines. 

46  Bridges,    steel. 

47  Bridges,    concrete. 

48  Buckets,  clam  shell. 

49  Buckets,    concrete. 

50  Buckets,    dumping. 

52  Buckets,  orange  peel. 

53  Brooms,    street   clean- 

ing. 


S4  Cement,    natural. 

86  Cement.    Portland. 

87  Centers  and  forms  tor 

concrete. 

88  Chains,   common. 

90  Chains,   sprocket. 

91  Channelers. 
Cleaners,  flue.  See  189 

92  Clocks,   time. 

93  Chimneys. 

94  Compressors,  air. 

95  Conduit,      bituminous 

fiber. 
Concrete     reinforcing. 

See    474. 
Conduit,   vitrified.   See 

142. 

96  Concrete     fence     post 

molds. 

97  Computing  machines. 

98  Contractors'  bonds. 

99  Concrete  form  clamps. 
Concrete  form  holders 

See   195. 

100  Conti-actors'   supplies. 

101  Coal      handling      ma- 

chinery. 

102  Conveying  machinery. 

103  Conveyors,    belt. 

104  Cranes. 

106  Cranes,     locomotive. 
108  Cranes,    traveling. 
110  Creosoting. 
112  Crossings,    railway. 

114  Crushers,    rock, 

115  Culverts,    concrete. 

116  Culverts,  vitrified  pipe 

117  Culverts,    metal, 
lis  Curbs,   street. 


Cabinets,     filing. 

Calculating    machines. 

Cables,    See    430, 

Cableways, 

Caissons, 

Cars,   ballast. 

Cars,    concrete. 

Cars,    dump. 

Cars^  flat. 

Cars,  hand. 

Cars,    mining. 

Carts,     See  also  520. 

Carts,    street,    hand. 

Carts,    concrete, 

Tastings,    brass. 

Castings,  iron. 

Castings,  steel. 

Cement  block  ma- 
chines.     See  32, 

Cement  finishing  tools 

Cement   pipe   molds. 

Cement  testing  ma- 
chines. 

Cement  walk  tools. 


119  Dams,    concrete, 

120  Derricks  and  fittings, 

121  Draftsmens'     supplies, 

122  Ditching    machinery, 

123  Dipper  teeth. 

124  Dredges. 

126  Drill   sharpeners. 

Drills,   air.     See  136, 
128  Drills,    core, 

130  Drills,   diamond, 

131  Drills,     electric, 

132  Drills,    pneuitiatic 

plug, 
m   Drills,    ratchet, 
136  Drills,    rock, 

138  Drills,   well, 

139  Dryers, 

140  Dynamite, 

r>ust  layers.  See  419, 
142  Ducts,    vitrified. 

Dump  wagons,   See520 
144  Dynamos, 


Economizers,    fuel. 
See  198. 

150  Electric    machinery. 
Electric   motors.      See 
324. 

152  Elevators,   bucket. 

154  Engineers'     instru- 
ments. 

156  Engines. 

158  Engines,  gas, 

160  Engines,   gasoline. 

162  Engines,    hoisting, 

1(14  Engines,    steam. 


178  Feed   water   heaters, 

180  Fans  or  blowers, 

181  Filing  cases, 

182  Felt. 

183  Fillers    for   brick   and 

stone    pavement. 

184  Fence  and    railing. 

185  Fireproofing  materials, 

186  Filters,    water, 

187  Fireproof    doors,    par- 

titions, 

188  Flanges,    steel, 
1S9  Flue  cleaners. 
190  Flue   lining. 
192  Flush   tanks. 

194  Forges,     blacksmith. 

195  Forms      for      concrete 

work. 
Forms      and      centers. 
See   87. 

196  Frogs  and  switches, 
198  Fuel  economizers. 

Fuse,      See   170, 

204  Gas    machinery. 
206  Gages,    steain. 
208  Gages,   water. 
210  Garbage    furnaces. 
212  Gates    and    valves, 
214  Gears  and   pinions, 
216  Governors,    engine. 
218  Governors,    water 
wheel, 

220  Graders,   elevating, 

221  Grain     handling     ma- 

chinery, 

222  Gaskets. 

223  Grinding      machinery, 

224  Grubbers, 

225  Grout  mixers  and    in- 

jectors, 

228  Hammers,   pneumatic, 
230  Hangers,   joist, 

232  Harness, 

233  Heating     and      venti- 

lating  machinery, 

234  Hoists,    air, 

236  Hoists,    chain,    differ- 
ential. 
238  Hoists,    electric. 
240  Hoists,    gasoline. 
242  Hoists,    horse-whim. 
244  Hoists,    steam. 

246  Horse    feed-bags. 

247  Hose,   air  and   steam. 

248  Hose,    water, 

249  Hose  carts. 

250  Hydrants, 

251  Hydraulic    machinery, 

258  Ice    and    refrigerating 
machinery, 

260  Injectors, 

261  Insulated    wire, 

262  Iron, 

264  Iron,   corrugated, 

266  Iron,    sheet, 

267  Insurance,   laborers'. 

270  .lacks,    hydraulic 
272  .lacks,    screw. 
274  .Tacks,    track. 

.Tacks,  trench.  See  502 
276  Judson   powder. 


312  Manganese   steel, 

313  Mattocks, 

314  Manhole  covers, 

315  Metaline. 

316  Meters,   water. 

318  Mineral   wool. 

319  Mining  machinery. 

320  Mixers,    concrete. 
322  Motors,    compressed 

air. 
324  Motors,    electric. 
326  Motors,   water. 

330  Nickel   steel. 

332  Nuts   and   nut   locks. 

333  Office    appliances    and 

furniture. 
Oil,    See  419, 

334  Oilless   Bearings. 

336  Ore       handling       ma- 
chinery. 


337 
338 
339 
340 
341 
342 
343 
344 

345 
346 

348 
350 
352 
353 
354 
356 

358 
359 
360 
362 
364 
366 
367 

368 
370 
371 
372 
374 
375 

376 


379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
392 
393 
394 
396 
397 
398 


Pavements, 

Paving  materials. 

Paving    tools. 

Packing. 

Painting    machines. 

Paints, 

Paving  blocks,  wood. 

Paving  blocks,   stone. 

Paving  bricks.  See  44, 

Paper,   building. 

Paper,    blueprint, 
drawing,    tracing. 

Picks, 

Pile    drivers. 

Pile    driver   jets. 

Pile   shoes  and   rings. 

Piles,    concrete. 

Piles,    interlocking, 
steel. 

Piles,    creosoted. 

Pipe    fittings. 

Pipe    covering. 

Pipe,  cast  iron. 

Pipe,    cement. 

Pipe,   lead. 

Pipe,    reinforced    con- 
crete. 

Pipe,   riveted  steel. 

Pipe,    vitrified   sewer. 

Pipe,   wooden. 

Pipe,    wrought   iron. 

Pipe  cutting  machine. 

Pipe    tapping   ma- 
chines. 

Plows, 

Plows,    unloading   See 
12, 

Pneumatic  tools.    See 
8,    132,   416. 

Post   hole   diggers. 

Portable    railways. 

Pulverizers, 

Powder,   black. 

Prism   glass. 

Pulleys, 

Pumps,    air    lift. 

Pumps,    diaphragm. 

Pumps,    centrifugal, 

PumiDS.    electric. 

Pumps,    contractors'. 

Pumps,     sand. 

Pumps,    sewage. 

Pumps,    steam, 

Piunps,    trench. 

Pumps,    windmill. 

Punches,     hydraulic. 


439 
440 
441 
142 

444 
446 


447 
448 
450 
452 

454 
455 

457 
458 
460 
461 
462 
464 
466 
468 
470 
472 
474 

476 
478 


278  Kilns, 

404 

405 

280  Laborers    supplied. 

2S1  Lamps,  acetylene. 

406 

Lamps.      contractors'. 

40S 

See  286. 

410 

2S2  Lamp  posts. 

412 

283  Lamps,    electric. 

413 

284  Lathe,    metal. 

414 

285  Lead. 

415 

286  Lights,  contractors'. 

2S7  Lead    furnaces. 

416 

2SS  Lime. 

41V 

289  Lights,    vault. 

290  Locomotives     dinkev. 

4!S 

292  Locomotives,    electric 

294  Locomotives,    gasoline 

liy 

296  Locomotives,    geared. 

422 

298  Locomotives,    steam. 

424 

299  Logging  outfits. 

425 

300  Lubricants, 

426 

302  Lumber,  creosoted. 

42  V 
42S 
430 

308  Machinery,    tile    mak- 

mg. 

310  Machine    tools. 

43S 

479 


480 
481 


482 


Sand   pumps.   See  392. 

Sawmill    machiner.\ . 

Saw    mills,    portable. 

Scales. 

Scarifiers   tor   macad- 
am. 

Scrapers,  drag. 

Scrapers,    road. 

Scrapers,    wheel.    See 
528. 

Scrapers,    street. 

Screens,   rotary. 

Second   hand   outfits. 

Sewage    disposal. 

Sewer  braces.  See  502 

Sewer  cleaners. 

Sewer  traps. 

Sewer  pipe.    See   370. 

Shafting. 

Sheaves, 

Sho\'els,    hand. 

Skylights, 

Skips. 

Slate. 

Sprinkling    carts. 

Standpipes. 

Steam    shovels. 

Steel,    structural. 

Steel     for    reinforcing 
concrete. 

Stone,    broken. 

Stone     dressing     ma- 
chines. 

Street    cleaning 
urooms.    See   53. 

Street  carts.  See  71. 

Street     sweepers    and 
cleaners. 

Stump  pullers. 

Street    flushers. 

Street    scrapers.      See 
447, 

Switches, 


400  Quarry    bars, 

402  Quarry    machinery. 


Rail    benders. 

Rail    joints    and     fas- 
tenings. 

Railroad   si,gnals. 

Railways,    industrial. 

Rails,    new. 

Rails,    second    hand. 

Railway   track   layers. 

Rammers,    pneumatic. 

Recording   instru- 
ments. 

Riveters,    pneumatic. 

Road      dust     prevent- 
ives. 

Road  machinery. 

Rock  crushers,   Seell4 

Road  oil. 

Rollers,    horse. 

Rollers,    steam. 

Roofers'    supplies. 

Roofing, 

Rope    drive. 

Rope,   manila. 

Rope,    wire. 


43S  Sand   blast  apparatus.    538 


486  Tanks,  gas  and  oil. 
488  Tanks,   septic. 

490  Tanks,  water. 

491  Tapes,    engineers'. 
Tapping    machines. 

See  375. 

492  Tar, 

493  Telegraph     and     tele- 

phone    line     equip- 
ment, 

494  Tents, 

495  Tie  plates, 

496  Ties,    steel. 

497  Tile,  drain. 

Tile    making    machin- 
ery. See  308, 

498  Tile,   partition. 

Tile,   roofing.    See  426, 

Tools,   contractors'. 
See   100. 

Time       keeping       de- 
vices.  See   92, 

Traction   engines.   See 
166, 

Track       laying       ma- 
chines.  See  413, 

499  Track    tools, 

500  Tracing    cloth, 
Tramw-avs,  wire  rope. 

See  60, 

501  Track  materials,  rail- 

way, 
602  Trench    braces, 

504  Trench    machines. 

505  Turnbuckles, 

506  Turntables, 

507  Turhlne=!     (water 

wheels). 

508  Turbines,     steam, 

509  Twisted  steel. 

510  Valves,    steam. 

512  Valves,    water. 

513  Vault    lights. 

514  Ventilators, 

515  Ventilating  appa- 

ratus. 


518 
520 
522 
524 
525 


526 
528 
529 
530 
531 
532 
534 


Wagon   loaders. 

Wagons,    dump. 

Waterproofing, 

Water    softeners. 

Waterworks  machin- 
ery and  supplies. 

Well    drills.    See    138. 

Wheelbarrows, 

Wheel  scrapers. 

Wheels,    car. 

Windmills, 

Winches, 

Wire  cloth. 

Wire    glass. 

Wire  rope.    See  430, 

Wood  block  pave- 
ment.    See  343, 

Wood   preservatives. 


The  above  is  only  a   partial    list  of  the  headins;s   in   our  Card   Index.      No    matter  what  you   want,     TELL   U8 
and    we   will    put   you    in    prompt   communication    with    the    leading    manufacturers,    dealers  or  contractors. 
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STREET  PAVING. 

<>l\tii|.|a.  WfiBhlneton. 
Ul.lH  will  ti.-  rocoln-d  by  Ihe  City  of 
Olympln,  Waili..  until  U  p.  m.,  Feb.  1. 
1909.  for  loimtructlnK  nboiit  6.1(00  »t|.  yds. 
of  vltrltled  brkk  or  crei'Hoti-d  wood  block 
{wvemrnt.  Work  tu  bt'Kin  May  1.  1909. 
JAMKS  It    I'KKKR.  City  Cl.-rk 

PUMP. 

Muskogee.    Ok  la. 
The  City   of   MuakoRve.   oklahoinii.    will 
receive  bids   for  a  Ave  (D)   million  gnllon 
cenlrlfuRal    pump.     Spccltk-ations    will    be 

•^,-u1    .in    applli-Htlon    to 

:      Kl.NSKV,  City   Engineer. 


PROPOSALS  FORCONSTRLCTION  or 
barracks  and  quarters,  and  plumbing  anil 
lu-allnB  and  electric  wiring  same.  War 
Dcparimi-iit.  office  of  the  Construotlnt; 
Wuarierma.sier,  New  London.  Conn..  No- 
vember J8.  1908.  Sealed  proposals 
for  constructing  one  double  bairack 
one  single  barrack.  two  field  olll- 
cers'  nuarters.  one  four-set  officers' 
quarters.  two  lieutenants'  quariers. 
three  double  non-commissioned  ufllrers' 
quarters,  and  one  double  lliemens  quar- 
ters, at  Koit  Terry  (Plum  Island).  New 
1'ork.  and  two  double  bai  racks,  two  ttelil 
officers'  quaiters.  four  lieuienants'  quar- 
iers iwii  double  non-commis.siuned  olfl- 
ceis'  quarters,  and  two  double  tirem.n's 
quariers.  at  Fort  H.  G.  Wriyht  (Fisliei's 
Island).  New  York,  and  for  plumbine 
electric  wirirg  and  Installing  heating 
plants  in  same  will  be  ftceived  here  un- 
til 10  a.  m..  Feb.  10.  1909.  and  then 
opened.  Propo.sals  are  desired  for  bri.-k 
consiiuition  irf  all  hullilings  and  for  re- 
inforced concrete  construction  on  bidders 
plans  of  bnriacks  and  non-commissiiiiic.l 
ollic'Ts'  and  Hiemen's  quarters.  Infiir- 
matjon  furni.«hed  on  :.|. plication.  En- 
velopes contiiiiilng  proposals  .shouM  I..- 
endorsed:  'ProiKisals  for  Public  null.l- 
ings."  and  addressed:  "R.  M.  Schoiiel.l. 
Major.  Q.  M..  Constructing  (Quartermas- 
ter.   New    London.   Conn." 


POWER    PUMP. 

Ui.tilan.l  I 'enter  Wis 
S«-alfd  bids  Will  he  rerflv*tl  by  Reub- 
••n  Sutton.  City  Clerk,  uniil  8:00  p.  m. 
February  2.  1909.  for  thi-  fui  rilshlng  of  a 
loo-gallon  triplex  power  pump.  Certl- 
fli-d  check  5  per  cent  of  bid.  Speclflca- 
tlona  and  blank  proposals  can  be  had 
from 

W     G.     KIRCHOFFER.    Engineer 
MadlKon     Wl« 


TANK. 

Wellington.    Kan. 
The    City   of    Wellington    will    erect   one 
water  tank   140  feet  In   height  and   150,000 
gallons    capacll)'.      Bids    to     be    received 
until    the  18th  of  January. 

CHAS.    L.    COVEI.L, 
Si:pt.    Water   Works  and   Electric    Lights. 


r.  S.  ENCINKKR  <  HKIi 'K  WII..MIN(J- 
TON.  N.  C.  UECEMBER  M.  1908. 
Sealed  proposals  for  construt-tlng  steel 
draw-span  highway  bridge  with  pile  and 
concrete  foundations,  on  Core  Creek, 
near  Beaufort.  N.  C.  will  be  received  at 
this  office  until  12  o'clock  noon,  standard 
time.  January  30.  I90ii.  and  then  public- 
ly opened.  Information  on  application. 
EARL  I.   BROWN,  Capt.   Engrs. 


KEY  WEST.  FLORIDA.  Sealed  pro- 
posals in  duplicate  will  be  received  by 
the  undersigned  until  II  a  m..  February 
:i.  1909.  and  then  publicly  opened  for 
furnishing  a  condenser.  HIter  feed  water 
heater,  etc.;  also  for  remodeling  pumping 
and  distilling  plant  at  Key  West  Bar- 
racks. Fla.  Plans  and  specilications  on 
reou'^sl.  Proposals  should  be  marked 
"  Proposals  for  pumping  plant"  and 
addressed  to  CAPTAIN  C.  H.  LANZA, 
Qiarlermaster.    Key   West.    Florida. 


COLLEGE    BUILDING. 

.Ario-fl    Iowa. 

S.ai.-d     1 
the  onUe 
of    Trust!-.  H    ... 
Ames    Iowa,  until  lu 
uary   2S.    1909.   for   tb' 

pletlon  of  u  two-atory  Annex  (or  the 
Engineering  Department,  plana  and  spe- 
cifications for  which  may  be  aet-n  at  the 
ofnce  of  the  Secretary  at  th«  College  and 
at  the  office  of  Proudfoot  A  Bird.  Archl- 
lectB.  No.  «25  Flynn  Building.  Dea 
Moines.    Iowa. 

Bids  will  be  received  for  the  building 
complete  except  heating,  plumbing  and 
electric   tvork. 

Bund,  50  per  cent  of  the  contract  price; 
certUled  check.  3  per  cent  of  the  amount 
of  the  bid. 

The  right  Is  reserved  to  reject  any  or 
all  bids  and  to  waive  defects  In  any  bid 
If  it  be  deemed  to  the  Intereat  of  the 
College  so  to  do. 

By  order  of  the  Board  of  Truateea. 

E.    W.    8TANTO.V,    Secretary. 


fiFKicE  (•ONSTi;rcTl.\'<;  '.>r.\r;TFi;- 

MASTER.  FORT  I.K     ' 

KANSAS      DECEMBER    - 

proposals     In    Irlplicatf.    -.•. 
here  until   ll:0«a     in.     Ceiiia:   imu.     Jan- 
uary  27.    1909.   and    (hen    opinf<l    for   con- 
structing a   storehons'-   f"r   ( tfTlr-..r«'    Prop- 
erly    etc.     at    Fort    I  • 
Full   Information  anl 
posal     furnished     'u; 
tiffice.      Plans    ai    ; 
seen    at    this    •--:' 

Quarterm.ister,     i     .  •   - 

souri.       Omah,i 


an.J        .Ma-t- 


Guilders 
Exchange.  Kan.vts  City  Mo  United 
Slates  reserves  Th*"-  rlgT-t  t.t  accept  or 
r.-ject  any  or  a 
thereof-  Enveb'i 
ttosals  for  I' 
addressed  to  CAI'l'.M.N  W  .M  U.  DAVIS, 
yuartennaster. 


any  part 
.-.I  ■Pro- 
and 


Solves  the  Most    Difficult 
Waterproofing    Problems 

In  Connection  With 

Track  Elevations 

Bridges 

Reservoirs 

Warclioiises 

Manufacturing  Plants 

Sarco  Means  Protection 

[.\SK  FOR  Booklet  200 

Standard  Asphalt&  Rubber  CO. 

First  National  Bank  BIdg..  CHICAGO 

NEW  YORK  CITY  KANSAS  CITY 


15  Mins.  in  Mot  Paint 
Gives  Life  of  IS  Vrs. 

This  photograph  shows  railroad  ties  of  south - 
em  pine  that  were  immersed  15  minutes  in 
hot  paint  made  by  this  company.  After  nine 
years  service  the  ties  are  as  sound  as  the 
day  they  were  treated,  which  means  that, 
at  worst,  tliev  will  have  a  life    of   not    le.<s 


than  15  years.  The  paint  contains  a  germi- 
cide that  is  death  not  only  to  the  fungus  of 
rot  but  to  teredos  and  all  forms  of  timl>cr 
parasites.  No  engineer  who  is  concemetl 
with  the  preservation  of  ties,  piles,  fences, 
telegraph  and  telephone  poles,  or  bridge 
timbers,  can  offord  not  to  send  for  our  cata- 
log at  once  and  investigate  this  paint. 

The   Teredo- Proof   Paint   Company 

17  l!nllcr\   I'l.icc,  Nc«   \..rk 
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The  Cincinnati 
Frog  &  Switch  Co. 

CINCINNATI,  OHIO 

Manufacturers  of 

F'rogs,  Crossings,  Switches, 
Switch  Stands,  Rail  Braces, 

And  special  track  work  of  every 
description  for  Railroads,  Mines, 
Mills,  Contractors,   Plantations. 


FOR    SALE 

400  Tons  Ne\^  Steel  Channels 

15  inches.  '6'i  pounds,  30  feet  long 

We    have   the    clamps   for    converting 

them  into  steel  sheeting. 

Price  Way  Below  Mills. 

WJLTER    A.    ZELNICKER    SUPPLY    CO.,    In  ST.  LOUIS 

Steam  Shovels,  Locomotives, 
Gars,  etc. 

Contractors'  and  Railway  Equipment 

Telegraph   Telephone  or  Write  U». 

A.  C.TORBERT&  CO. 

B47-548  Monadnock  Block                          CHICAGO 

FROGS.  SWITCHES,  CROSSINGS 

Stands  and  Portable  Track  for  all  weighti  of 
rail  for  Quarries,  Mines,  Coal  Tipples,  Indiu- 
tria]  Plants  and  Contractors*  use. 


THE  INDIANAPOLIS  SWITCH  &  FROG  CO. 

SPRINGFIELD,  OHIO 


LOCOMOTIVES 

Eight  9x14  saddle  tank  36-inch 
gauge.  Also  lighter  and  heavier 
locomotives.  Have  165  loco- 
motives from  6  to  70  tons  in 
stock  in  our  shops. 

Also  Steam  Shovels 

Southern  Iron  &  Equipment  Co. 

ATLANTA,  QA. 


"CONTINENTAL 

DUMP     CARS 


•« 


J 


Largest  Dealers  in  Rebuilt 
Equipment  in  United  States 

EAST  WORKS 
New  Freight  and  Passenger  Cars 

WEST  WORKS 
Rebuilt  Coaches,  Cars  and  Engines 

Hicks  Locomotive  &  Car  Works 


General  Offices 
Chicago  Heights. 
Illinois 


Sales  Dept. 

Fishet  Building, 

Chicago,  111. 


IJ  to  IJy  Lubic  Yards  Capacity, 
any  Guage. 

Continental  Car&  Equipment  Co.,  (inc.) 

17  Battery  Place,  New  York 
Highland  Park,  Louisville,  ICy. 


"IT^HICH  appeals  to  you  most,  idle  plant  or 
money  in  the  bank?  You  would  not 
have  idle  plant  had  you  been  dealing  with  us 
before  your  purchase.  Are  you  sure  the  plant 
you  have  will  meet  all  the  requirements  of  your 
next  piece  of  work?  Is  it  not  very  probable 
that  you  may  use  it  to  a  disadvantage  simply 
because  you  are  loathe  to  invest  more  money, 
which  in  turn  will  be  idle  next  year?  Our 
method  should  appeal  to  you.  We  have  con- 
tractors' equipment  of  all  kinds.  It  will  fit  all 
the  conditions  exactly.  You  can  rent  just  what 
you  can  use.  Every  piece  of  equipment  you 
are  paying  rental  on  is  earning  you  something. 
Remember  nothing  is  lying  idle  and  you  have 
no  money  invested. 


Contractors 


Have 

you 

idle 
plant? 


Write,  Wire  or  Call 


UNITED    STATES    EQUIPMENT    COMPANY 

FISHER    BUILDING,    CHICAGO,    ILL. 
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AS 


Engineering-Contracting  ""^■''  «--"">"><"">^i>  •'•■'>  ^'".i  ...«(>'.  t.m  in 

A  Weekly  -Method,  and  C^f  Joun,.!  •''"•°*'   '•^•">    ^••-"•^'    ^"f'   ~""«^"^   '*  l''J"'f 

for  Civil   Engineera  and  Contr»ctor».  cacli  (lay  lo  coiicrric  that  has  sft  and  hard- 

wm  WHICH  iM  coii»i!««D  ^,1^,,  ^,j,|  ,,,j.^^  j^  ^  pi^^^  „(  Rrcatir  or  less 

ENQINEERINQ   WORLD  weakness     at     the     junction.       Competent 

'"^^         ^  builders    recognize    this    fact    and   so   plan 

Contract  1NI.V%S  jI^^j^.  j^y-j  ^ork  that  these  joints  or  planes 

I■ubl,^he.l  rvrry  \Vr.in.r„iay  by  ^^    wcakiKss    conif    at    placcs    whcre    they 

THE  MYRON  C.  CLARK  PLBLlStilNO  U).  ^^^^^^  ,i„,^  ^^  ^^  ■^■^^^.     -p^is  plan  avoids 

JSS  Dearborn  Sircci.  Chk«Ku  rlifficultv ;  it  needs  to  be  met  squarely. 

TrlepboDe  Horrlaon  eiM  ... 

„              ,,o,  ,,,,1,  I,.,,.,  It  is  not  possible  always  to  tinish  a  unit 

New  York  Opuce;     13-31  Park  Kow  t"                          -' 

Telephone  5613  curiiMnit  Or  predetermined  amount  ot  concreting  in 

=^^i=                                                             ^^  a   dav  and   new  concrete  has  to   be  joined 

HAl  RFRT  P    (iILLETTE    .     .    Manacing  Editor  ■         i      ,       j             ■                u 

DANIEL  J   H\UER"1  '°   concrete   already   hard  at   places  where 

CHAS.  S.  HILL.           I               Associate  Ei.itors  planes   of   weakness   arc   objectionable.      It 

S:  T'  ow.'i^^^ '          I  would  be  a  great  gain  to  be  able  to  repair, 

F.  A.  SMI  In.                J  ,  .  ,      ,                  1      I      L           i_ 

MYRON  C  CL.\RK Pkesident  sav,   a   beam    winch    has   cracked   through. 

A.  n.  GILBERT    ....    Advertising  M  >na,.er  ^^,j"„,„„j     rebuil.linK     the    whole    beam    and 

SURSCRIPTIOX  RATES  iPayabU  in  A>im«c,y—  perhaps    the   whole    floor  panel   in   which    it 

S2.00j\tjr(6eusMs)mUmitdSiaies.iut\t.\lex-  conu";.      Floor   surfaces   and   otlier   finishes 

ico.  Alaska.   Hau.'aii.  Giant.  Porto  Kko.  Phihfttnt  ,  ,        .           .                .        i     j       r           .u       u 

I il j,ui%.  RtpMu  of  Panama.  Canal  Zam  and  Island  eouUi    oltcn    better    be    laid    alter    the    base 

oiTuiuila.                  ,      „     .          ,/-      J  had  hardened  were  a  trustworthy  method 

S3.00  a  ytar  (SS  issMs)  to  Pomin:on  of  Canada. 

$4  00aytaT  (St  issuts)  to  aU  other  counirUs.  of  bomling  new  concrete  to  old  at  the  com- 
ADVERTISISG  RATES  stnt  on  applicaiwn.  nuind  of  the  builder.     These  are  some  ex- 
Copy  for    regular    advertisini;  must   be  received  amples   of  the   opportunities   for   Utilizing   a 

5r,^ich'ris';o"ap''p"ea?.^  R^o'^^^ls/' •■Warns'- 1.3  sure    method    of   bonding    new    concrete   to 
"For  Sale-  announcements  can  be  inserted  as  lata  ^^^      j^^^^.  ^^„„qi  ^g  met  squarelv  bv  Other 
as  Tuesday  morning. 
■ —  means. 

^"p^7officr?t"c£!S^o"lCo;SJ^i*o,Ma^  I*  there  a  sure  method  of  bonding  new 

3d.  1879. ^^^  concrete  to  old?    There  are  plenty  of  opin- 

*  Ions  as  to  this  possibility,  and  there  are  a 
C  O  N  T  E  NT  S  number  of  methods  for  which  more  or  less 
=^=^=^^=^===^^==^  success  has  been  claimed.    Recently  a  num- 
I'".iiiTOKi.\L :  her   of    experimenters   have   undertaken    to 
Bonding    New    Concrete   to    Old:    Effi-  secure  some   positive  and  specific  test  data 
clency   of   Various    Bonds   and   Joint  regarding  these  methods.  ■  In  another  col- 
Constructions  43  yj^j,  ^.p  gj^.p  briefly  the  results  of  one  of 

CiiNCRfTK  Section  :  these  experimental  studies.     They  indicate 

Cost  of  Reinforced  Concrete  SIpIioii  for  several  facts  of  interest,  but  before  noting 

the  Belle  hourche  Irrigation  Project. 44  -n  v     •   .     _„.: .„  „,.....„» 

Tests  of  Strength  of  Concrete  Joints  .45  these  facts  it  will  be  interesting  to  present 

K .VRTH  .^ND  Rock  Section  :  briefly  two  previous  test  records  that  have 

The  Methods  of  ConstructluK  the  Su'j-  •>''<•"  "ia''<^  P"*''"^- 

Aqueous  Pipe  and  Electric  Cableway  _  In  1907  Mr.  Mesn.iger.  a  French  en- 
Tunnel  at  Gloucester  Mass 47  gineer.  tested  the  strength  of  butt  joints  In 

Cost  of  Canal  Excavation.  Huntley  Ir-  ^^.j^,,^^  of-l--2-4  concrete  2%  Ins.  square  and 

"Ration  Project ol  .^^                 ^   half-length   prism  was 

RoAiis.vND  Streets  Sectics  ^^^^   _^^^,   ^^^^,_.   .   ^^   ,,   ^^^,^  ^^^ 

Standard     Spccihcations    for    Portland  .  ,        i  i         i  i-        r      u 

Cement  Roads  and  Portland  Cement  pnsm  was  completc.l  by  adding  fresh  con- 
Sidewalks    52  Crete   onto     one     of     the  2%x2%-in.    ends 

Tarviatcd  Motor  Testlnp  Track 53  without  marking  or  scoring  the  old  cement. 

Gener.\l  Section  :  Xhe  end   to   which   the   fresh   cement    was 

Comments  on  the  Manufacture  and  Use_  added    was    in    some    cases    merely    well 

»r°fu^j"'   "^i^'J-^' .■/ r-;:,c;;,U.;„„T"^'*  wetted   and  in  other  cases  it  was  washed 

Methods  and  Cost  of  Constructing    1-  ^"^ 

Rail  Track  witl    Carnegie  Steel  Tics. 57  with  neat  cement  grout.     The  prisms  were 

Letters   to   the    Editors :     The    Reason  broken  at  the  joints  by  flexure.     The  gen- 

for  Slow  Progress  and  High  Cost  of  ^^^j   conclusions    from    these    tests    were; 

A'liew'Tr<^^ent^SidPump::::i  -n   A  grout  wash  is  an  aid  in  landing  new 

Cost  of  Si-tting  Water  Meters  and  Uy-  concrete  to  old.  and,    (21    whether  or  not 

ing  Service  Pipes 00  grout   is  used  an  excessive   tamping  of  the 

Catalogs  Worth  Having 60  new  concrete  near  the  joint  ailds  apprccia- 

^ bly  to  the  strength  of  the  bond.     The  sec- 

Botiding    New    Concrete  to  Old;    The  ond  conclusion  brought  out  a  fa«  >»hich 

_„   ^              ,  ,,     .          T,      J          J  *o  far  as  we  recall.  ha<I  not  previously  been 

Efficiency  of  Various  Bonds  and  ,     .     , 

■'  clearly  slated. 

Joint  Constructions.  I„  \t\ns  .Mr.  Raymond  B  Perry  in  thesis 
Knowledge  ol  the  strrnglli  of  the  adhc-  work  at  the  Case  School  of  Applied  Science 
sion  or  bond  of  new  concrete  to  old  is  of  repeated  Mesnager's  tests,  using,  how- 
great  Importance  to  cement  users.  Though  ever,  1-2  mortar  prisms  instead  of  1-2-4 
we  speak  glibly  of  monolithic  concrete  con-  concrete.  Variouj  other  methods  of  bond- 
struclion  there  are  few  pieces  of  concrete  ing  than  those  employed  hy  Mesnagcr  were 
work  of  size  on  which  concreting  Is  prose-  also  tested.    Mr.  Perry's  conclusions  were: 
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il)  That  the  bond  bci»i>ii  ii<:w  and  old 
niurtar  or  concrete,  where  the  joint  is 
smotith,  i-  very  slight:  (2>  That  about  one- 
half  the  >irength  of  ihe  concrete  is  de% el- 
oped ill  a  joint  Ujiiiled  (a)  by  roughening 
the  old  surface;  (b)  by  applying  a  layer  of 
cement  paste;  (c>  by  providing  the  old  sur- 
face with  a  bonding  groove.  (3)  That  a 
large  part  of  the  strength  of  the  concrete, 
perhaps,  as  much  as  00  per  cent,  is  devel- 
oped where  the  old  surface  is  roughened 
and  a  layer  of  cement  paste  l«  applied.  (4  ) 
That  such  a  solution  as  Ransomitc  prac 
lically  takes  the  place  of  the  roughening 

In  the  tests  described  elsewhere  in  this 
Issue,  six  kinds  of  joints  were  tested.  One 
of  them,  the  reinforced  vertical  joint,  may 
be  set  aside  as  not  representing  truely  the 
bond  of  concrete  to  concrete;  to  a  le- 
grec  this  criticism  also  applies  to  the  ■; 
tall  joint.  Limiting  our  considcrati"ii  to 
those  forms  of  joints  whose  strength  cle- 
pcnds  on  the  degree  of  adhesion  of  con- 
crete to  concrete,  it  will  be  seen  that  the 
strongest  form  of  joint  tested  was  the 
scarf  joint  and  that  this  form  of  joint  was 
made  somewhat  stronger  by  etching  the 
face  of  the  scarf — on  the  concrete  already 
set — with  acid.  Roughening  the  old  con- 
crete and  covering  the  junction  surface 
with  cement  paste  did  not.  according  to 
these  tests,  help  much  toward  increasing 
the  bond.  In  view  of  the  very  positive  ad- 
vantages gained  by  roughening  and  grout 
washing  in  both  Mesnager's  and  Perry's 
tests  these  negative  results  must,  we  should 
imagine,  be  the  result  of  some  extraneous 
factor  not  observed  in  conducting  the  tests. 
The  mechanical  effect  of  etching  with  acid 
Is  much  the  same  as  that  of  tooling  or 
roughening,  yet  it  appears  that  etching 
helped  the  bond  and  tooling  did  not.  The 
reason  for  the  difference  is  not  clear. 

The  notable  feature  of  the  tests  made  by 
Mr.  Miller  is,  however,  the  remarkable 
strength  of  .bond  secured  with  the  scarf 
joints.  Writers  on  concrete  construction 
generally  warn  us  to  use  vertical  joints 
and  never  scarf  joints  in  bre.iking  off  our 
beam  and  slab  work.  Their  reasons  for 
this  Injunction  are  not,  however,  based  on 
the  belief  that  the  vertical  joint  gives  a 
stronger  bond  than  the  scarf  joint,  but  that 
wc  cannot  safely  count  on  any  bond  with 
cither  form  of  joint  and  that  this  plane  of 
weakness  had  best  be  so  arranged  that  if 
separation  occurs  it  will  be  clear  cut  and 
definite.     If.  however,   scarf  j"!  '" 

made  which  will  show  any  such 
they  did  in  these  tests  where  I-  ' 

for  usiiiK.  vertical  joints  or   lir  r 

location  to  mid  span  points  or  points  direct- 
ly over  end  supiMJrts?  The  answer  is.  of 
course,  there  is  no  reason— if  these  tests 
arc  conclusive.  They  arc  not  conclusive 
for  they  are  too  few  and  they  were  made 
uiuler  one  set  of  conditions. 

Wc  have  not  made  this  criticism  to  be- 
little the  tests  made  by  Mr.  Miller— «n  the 
contrary  wc  think  his  work  has  l>een  val- 
uable   and    suggestive — but    to    encourage 
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others  who  arc  in  the  position  to  do  so  to 
repeat  his  tests  and  put  his  results  to  the 
proof.  If  it  is  as  simple  a  matter  to  bond 
one  half  of  a  beam  to  the  other  half  as 
these  tests  indicate  then  a  great  many 
builders  have  been  borrowing  a  lot  of  un- 
necessary trouble. 


Annual  Meeting  of  the   Western 
Society  of  Engineers. 

The  39th  annual  meeting  and  dinner  of 
the  Western  Society  of  Engineers  was  held 
on  Jan.  5.  In  some  respects  the  event  was 
more  notable  than  any  similar  one  ever  held 
by  the  society.  The  retiring  president  had 
to  report  the  completion  and  occupation  of 
the  society's  new  quarters,  the  largest  and 
best  arranged  that  it  has  ever  possessed. 
The  features  of  tlie  meeting,  however,  were 
the  addresses  by  Mr.  Frank  Trumbell, 
president  Colorado  Southern  R.  R.,  and  by 
General  Greenville  M.  Dodge.  General 
Dodge's  subject  was  "The  Civil  and  Me- 
chanical Engineers'  Work  in  the  West  in 
an  Early  Day  and  During  the  Civil  War," 
and  his  account  of  the  location  and  con- 
struction of  the  Union  Pacific  Ry.,  of 
which  he  was  chief  engineer,  was  of  high 
interest  to  the  assembled  engineers.  One 
of  the  enjoyable  events  of  the  evening  was 
the  election  of  Mr.  Octave  Chanute,  who 
has  been  a  member  of  the  society  since  its 
inception  in  1869,  an  honorary  member. 
The  three  Octave  Chanute  medals  for 
papers  read  during  1907  were  awarded  as 
follows :  Civil  engineering,  to  Prof.  F.  E. 
Turneaure  for  his  paper  on  "Experimental 
Determination  of  Stresses  in  Web  Plates 
and  Stiffeners  in  Plate  Girders" ;  mechani- 
cal engineering,  to  Messrs.  Walter  T.  Ray 
and  Henry  Kreisinger  for  their  paper  on 
"The  Nature  of  True  Boiler  Efficiency," 
and  electrical  engineering,  to  Mr.  D.  W. 
Roper  for  his  paper  on  "A  Few  Unusual 
Burn-outs  of  Underground  Cables." 

The  following  officers  were  elected  for 
1909 :  President,  Andrews  Allen ;  vice 
presidents,  P.  Junkersfeld,  O.  P.  Chamlier- 
lain  and  W.  F.  M.  Goss ;  treasurer,  Albert 
Rcichmann. 


Concrete  and  Reinforced  Concrete  Section 


Note: — This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  coxer  the  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mixing,  transportation  and  placing;  fabrication  and  placing  of  reinforcement, 
and  form  construction  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


Cost  of  Reinforced   Concrete    Siphon 
for  the  Belle  Fourche  Irri- 
gation Works.* 

Careful  records  of  cost  of  the  Belle 
Fourche  River  Siphon,  Belle  Fourche 
Project,  were  kept  during  the  construction 
period  and  an  analysis  of  the  cost  is  set 
forth  in  the  following  table,  giving  total  and 
unit  costs  and  quantities  of  \he  principal 
items.  This  work  was  advertised  and  pro- 
posals were  opened  April  16,  1907,  but  were 


At  a  meeting  of  tTie  business  agents  of 
the  various  trade  unions  on  Jan.  5  the 
following  scale  of  wages  for  an  8-hour 
day  for  New  York  City  for  the  ensuing 
year  was  decided  upon:  Boilermakers 
and  iron  shipbuilders,  $5 ;  carpenters  and 
framers,  $5 ;  cabinetmakers,  $4 ;  cement 
and  concrete  masons.  $5 ;  electrical  work- 
ers, $4.50;  housesmiths,  bridgemen,  iron 
workers,  $4.80;  metallic  and  wood  lathers. 
$4.50;  marble  cutters  and  settlers,  $5;  ma- 
chinists of  all  descriptions,  $4.50 ;  plaster- 
ers, plain  and  ornamental,  $5.50 ;  plumbers 
and  gasfitters,  $5;  painters,  $4;  decorators 
and  gilders,  $4.50 ;  sheet  metal  workers, 
coppersmiths,  tinsmiths,  metal  roofers, 
$4.50;  stonecutters,  $5;  steam  and  hot- 
water  fitters,  hydraulic,  pneumatic  tube, 
etc.,  $.5. 


erates  under  a  maximum  head  of  65  ft. 
with  an  average  head  throughout  the  major 
portion  of  its  length  of  nearly  5  ft. 

The  lowest  unit  bid  on  dry  excavation 
and  backfiling  was  $1.25  per  cu.  yd.,  and 
this  work,  as  will  be  seen  by  the  table, 
cost  the  United  States  $0,403  per  cu.  yd. 
The  material  consists  of  sandy  loam,  and 
was  excavtaed  with  plows  and  Fresno 
scrapers.  Labor  and  weather  conditions 
were  favorable,  and  the  average  rate  of 
wages  for  labor  per  8-hour  day  was  $2.41. 


TABLE  SHOWING  COST   OP  THE  BELLE    FOURCHE 


Dry 

excavation 
15,445  cu.  yds. 


Total. 
121.37 
238.52 
271.00 


Unit. 

$0,008 
0.015 
0.018 
0.023 
0.030 


0.023 
0.016 


243.21       0.010 


Distribution    of    cost. 
Preparatory    expenses     . . 

Plant    depreciation     

Administration      

Engineering 357. S6 

Superintendence   ( 458.81 

Inspection    ■ 

Camp    maintenance     343.62 

Waterworks    expense     24^8.56 

Blacksmith       and       carpenter 

sliop    expense     

Labor — Crushing   and   screen- 
ing  gravel    and    sand 

Hauling    gravel    and    sand 

Building,    including   cost    ot 

lumber    in    wood    forms 

Hauling   lumber    for   forms 

Erecting   steel   forms    

Miscellaneous      

Cleaning     reinforcement      

Bending   and    welding   rein- 
forcement       

Mixing    concrete     

Placing    concrete    

Finishing       and       watering 

concrete     

Excavating      3,182.75 

Backfilling      665.79 

Pumping     

Miscellaneous     59.06 

Materials — Cement     

Steel      

Hauling  and  storing  cement 

Hauling    and    placing   steel 

Miscellaneous     

Supplies — Rent    of    steel    cen- 
tering      

Miscellaneous     

Corral     expense     

Pump,    gasoline    engine,    etc 

Totals      6.226.<»S       0.403 

Grand    total    

Cofferdam      

Operating    equipment     

Survey   and   design    

Camp    buildings    


Trenching 
and  backfilling, 
2,960  cu.  yds. 
Total. 


RIVER   SIPHON. 

Reinforced  concrete 
2,215  cu.  yds.,  3.565  lin,  ft. 


59,41 
109.17 
146.00 
478,91 
198.34 

i53'.77 
42.96 


Unit, 
$0,020 
0.037 
0.049 
0.162 
0.067 


0.052 
0.015 


Unit 
Total.  cu.  yds 
$    675.12     $0,300 

967.41 
2,298.04 

632.17 

939.86 

136.80 

719.53 

621.29 


0.430 
1,030 
0,290 
0,420 
0,060 
0,320 
0.280 


Unit 
lin.  ft. 
$0.1893 
0.273 
0,6449 
0.178 
0.264 
0.0384 
0.202 
0.1743 


125,49       0.042 


0.205 
0.044 


0.004 


1.701,44 

676.86 

296,72 

35.60 


0.574 
0.229 
0.100 
0.012 


572,01       0,260       0.161 

3,109.95       1,400       0.873 
1,102.10       0.500       0.310 


1.861.02 

0,840 

0.523 

393.77 

0.180 

0.110 

1,044.33 

0.470 

0.294 

721.51 

0.320 

0.202 

175.77 

0,080 

0.048 

646.31 

0.300 

0.181 

1.179.11 

0.530 

0.331 

909.04 

0.420 

0.255 

455.31       0  220       0.1273 


51.41       0.017 


36.43       0.002 


129.11 
231.07 


0.044 
0.078 


4,436.26       1,498 


8,143.24 
7.193.06 
2.849.74 
1.624.86 
663.68 

1.914.76 
379.22 


41,929.01 


3.670 
3.260 
1.280 
0.730 
0.300 

0.860 
0.170 


2:285 
2.015 
0.799 
0.455 
0.1859 

0.537 
0.105 


18.92     11.7611 

$52,592.25 

2.803.98 

346.33 

1,916.95 

732.31 


cost 


Total    distributed 

Un<lerdrainage 

Placing    pumps    and    valves 
Cleaning  and   finishing    


.$58,418.82 

36.57 

30.88 

824.05 


Grand 


total    cost     $59,310,32 


rejected,  and  on  June  10,  1907,  proposals 
were  again  opened  and  rejected  and  the 
work  was  done  by  force  account.  Work 
was  begun  in  August,  1907,  and  completed 
in  October,  1908. 

The  Belle  Fourche  River  Siphon  is  a 
concrete  structure,  3,565  ft.  long,  with  an 
internal  diameter  of  5  ft.     The  siphon  op- 


•••Reclamation  Record."  January.  1909. 


The  lowest  unit  bid  received  on  trenching 
and  backfilling  was  $3  per  cu.  yd.,  and  it 
cost  the  United  States  $1,498  per  cu.  yd. 
The  material  consists  of  hard  blue  shale 
and  was  excavated  with  picks  and  shovels 
and  handled  with  slip  scrapers.  Labor  and 
weather  conditions  were  favorable,  and  the 
average  rate  of  wages  for  labor  for  8-hour 
day   was   $2.44.     The   lowest   unit   bid   re- 
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Cfivrd  for  reinforced  conrn-tc  was  $I.'{.>''»0 
per  cu.  yd.,  which  covcrcil  Uibor  and  sup- 
plies only,  as  the  reinforcing  steel  and  ce- 
ment were  to  be  furnished  by  the  United 
States.  There  were  .'{W/JoO  lbs.  of  twisted 
luK  bars  used  for  reinforcement  at  a  cost 
of  $ii.tr.M  per  11).,  f.  o.  b.  Belle  Fourche, 
and  the  hauling,  storing,  and  placing  there- 
of cost  $lHMl,i  piT  lb.  The  cement  cost 
$■.'.1.1  and  $--'.l3  per  barrel  f.  o.  b.  Belle 
h'ourche,  and  the  hauling  and  storing  there- 
of cost  fl.'iS  per  cu.  yd.  of  concrete.  The 
haul  of  the  cement  was  It!  miles,  and  that 
of  the  gravel  was  1  mile.  Blaw  collapsible 
steel  centers  were  used  for  forms.  The 
concrete  was  machine  mixed  in  the  pro- 
portion of  1-2-4.  Labor  and  weather  con- 
ditions were  favorable  and  the  average  rate 
of  wages  for  labor  per  8-hour  day  was 
$2.44.  One  foreman  was  employed  at  $22.') 
and  one  at  $100  per  month  for  the  whole 
work. 

L'nited  States  Steel  sheet  piling  and  sacks 
of  sand  were  used  for  constructing  the 
coffer  dam.  The  specifications  under  which 
the  work  was  advertised  provided  for  the 
payment  of  $,"),000  in  a  lump  sum  for  this 
work.  The  actual  cost  to  the  United 
States  was  $2,830.98. 

The  total  cost  of  the  structure  as  dis- 
tributed in  the  table  is  $.58,118.82.  There 
were  expended  $.3(1..")"  for  undcrdrainagc. 
$30.88  for  placing  pumps  and  valves,  and 
$824.it.')  for  cleaning  and  finishing  work 
that  were  not  distributed  to  the  subdivisions 
shown  in  the  table,  m.iking  the  grand  total 
cost  of  the  structure.  $-')9,310..32. 


The  effect  of  temperature  in  the  setting 
of  cement  is  being  tested  by  Mr.  H.  L. 
Sherman  for  tlie  Aberthaw  Construction 
Co.,  and  the  results  so  far  obtained  have 
recently  been  made  public.  The  tests  arc 
being  carried  on  at  the  Quincy  Market 
Cold  Storage  Warehouse  in  Boston,  where 
experiments  through  a  wide  range  of  tem- 
perature are  possible.  The  results  so  far 
are  as  follows : 

Temp. 

of  Air  In-         Fi-  Av.  tens.  str. 

and  Ma-       itlal       nal  lbs.  per  sq.  In. 

terlal.s.  set        set.     Mix-        2i       7       28 

Falir.         min.  lirs.-mlns.  ture.  lirs.  days.  days. 

72'    4.1         3-50         Neat     290       iTil       443 

72° 1-3       ...        168       168 

41°  45    8      Neat   29   514   583 

1-3   ...   189   221 

34°  45    8      Neat   17   417   508 

1-3   ...   127   202 

34°    froom    7'    F.^     Froze    solid    In    10    mlns, 

Cement  soft  r>n  melting;  no  set. 
24    hrs.    In    7°    F.   and 

24   hrs.   In  72°  F Neat        ...  7' 

7   days   In    7°    F.   and 

24  hrs.  In  72°  F.,  no 

HtrcnBlh.    owing   to 

eracks. 
7   ilnvs    In    7°    F.    and 

7  ilays  In  72°  F 28       

7    ilavs    In    7'    P.   and 

24   hrs.    In  72° 1-3       ...         29 

7  davs   In   7°   F.   and 

7  days  In   72' 28 

The  best  daily  record  of  excavation  on 
the  Isthmian  Can.il  for  steam  shovels  since 
American  occupation  was  made  on  Dec. 
18,  when  oO  shovels  in  the  Central  Divi- 
sion excavated  70.087  cu.  yds.,  an  average 
of  1,402  cu.  yds.  per  shovel  and  17.")  cu. 
yds.  per  hour. 


Tests  of  Strength  of  Concrete 
Joints*. 

II V   JOSIll  A    U    MII.I.KK. 

Kvery  engineer,  contractor  anil  foreman 
has  his  own  methods  for  joining  new  con- 
crete to  old.  For  the  purpose  of  determin- 
ing the  comparative  strengths  of  these  dif- 
ferent joints,  a  series  of  tests  were  under- 
taken at  the  laboratories  of  Lifayettc  Col- 
lege, and  the  results  are  given  here.  The 
following  kinds  of  joints  were  tested: 
H — Dovetail  joints;  C — Vertical  joints 
roughened  with  cold  chisel;  D — Reinforced 
vertical  joints;  E — Scarf  joints;  F — Scarf 
joints  scrubbed  with  oxalic  .icid ;  G — Scarf 
joints  scrubbed  with  oxalic  acid  and 
treated  with  a  paste  of  neat  cement;  H — 
Half  and  half,  or  step  joints. 

The  reinforced  vertical  joints  were  re- 
inforced with  two  %-in.  round  iron  bars, 
18  ins.  long  with  nuts  at  either  end.  These 
bars  were  placed  1%  ins.  from  the  bottom 
and  2  ins.  from  either  side.  The  scarf  joints 
were  one-third  the  length  of  the  beam  and 
the  step  joints  were  18  ins.  long.  The  end 
of  the  male  part  of  the  dovetail  joint  was 
4  ins.  thick  and  the  neck  3  iiis.  thick. 

All  beams  were  broken  at  the  end  of  two 
months.  The  idea  was  not  to  determine  the 
strength  of  these  joints  at  the  age  of  two 
months,  but  rather  to  determine  their  rela- 
tive value  when  compared  with  each  other, 
or  to  a  solid  beam  of  the  same  material. 
In  the  ca.se  of  the  gravel  beams,  those 
beams  having  scarf  joints  were  found  to 
he  stronger  than  the  solid  beams.  The 
explanation  that  is  oflfered  for  this  freak 
is  that  these  beams  were  made  in  different 
forms  than  the  rest  of  the  beams.  These 
forms  were  of  exactly  the  same  dimen- 
sions as  the  others,  but  of  different  con- 
struction, and  it  was  found  to  be  quite 
difficult  to  remove  the  beams  from  these 
forms  without  injury,  for  which  reason 
they  were  not  used  for  any  other  speci- 
mens. This  irregularity,  however,  does  not 
materially  affect  the  final  conclusions. 

All  these  tests  were  made  in  triplicate 
and  the  average  results  taken  except  where 
the  breaking  load  of  one  beam  was  so 
radically  different  from  the  other  two  that 
there  was  a  doubt  as  to  its  value.  In  this 
case  the  average  result  of  the  two  beams 
most  closely  agreeing  was  accepted. 

The  ends  and  sides  of  the  forms  were 
made  of  2xl0-in.  rough  hendock  boards. 
The  side  pieces  were  held  in  place  by  cleats 
on  the  end  pieces  and  also  by  iron  straps 
and  bolts.  The  end  pieces  were  fastened 
by  hooks  and  eyes  to  the  sides.  Wooden 
pallets  made  of  lx8-in.  spruce  boards, 
cleated  to  raise  them  1  in.  above  the  ground, 
were  fitted  inside  of  the  forms  and  served 
as  the  bottoms.  The  surfaces  of  these 
forms  were  neither  shellaced  or  oilc<I  and 
received  no  treatment  other  than  that  they 
were  thoroughly  wetted  immediately  before 
use. 

•Conden»e<l  and  r.^nrmnn.-.I  from  ii_  paper 
l)efore  the  Knttlncers'  Socl.ty  of  ^^  e«tcrn 
Pennsylvania. 


Malcridlj. — Crushed  R<Kk  No.  1. — Dolo- 
mitic  linicbione  passing  I'A-in.  and  retained 
on  a  K-in.  screen. 

Crushed  Rock  No.  2. — Dolomitic  lime- 
stone passing  IH-in.  and  retained  on  a 
%-in.  screen. 

Gravel. — Obtained  from  a  gravel  pit 
along  the  Delaware  River  al)Ovc  Fasti  m. 
Pa.  All  of  it  passed  a  2^ -in.  screen  and 
was  retained  on  l-l"-in.  screen. 

Sand. — Bank  sand,  clean  and  sharp,  grad- 
ing from  %  in.  to  dust. 

Crushed  Screenings. — Obtained  from 
crushed  rock  No.  2. 

Cement. — Alpha  Portland.  This  c> 
which  successfully  passed  the  spi. 
tions  of  the  .American  S(x-iety  for  Testmg 
Materials,  both  when  manufactured  and 
when  used,  had  been  stored  in  the  concrete 
laboratory  nearly  four  months  before  these 
tests  were  undertaken,  which  accounts  for 
the  generally  low  results  that  were  ob- 
tained. Beams  of  the  same  dimensions  and 
made  with  Crushed  Rock  No.  1,  sand  and 
the  same  cement  when  fresh,  broke  3<*  per 
cent  higher  at  half  the  age  of  similar  beams 
in  this  investigation ;  but  they  were  also 
stored  in  an  immersion  tank. 

Proportioning. — .Ml  proportions  of  the 
aggregates  were  determined  from  mechan- 
ical analyses  as  described  by  Messrs. 
Thompson  and  Fuller  in  their  report  on 
the  series  of  tests  conducted  on  the  ma- 
terials used  in  the  construction  of  the 
Jerome  Park  Reser\'oir.  This  method  con- 
sists in  plotting  fineness  curves  for  the 
materials  to  be  used,  each  of  whose  ordi- 
nates  represents  the  percentage  of  weight 
of  the  total  .sample  which  passes  a  sieve 
having  holes  of  a  diameter  represented  by 
the  abscissae.  These  curves  are  then  com- 
bined so  that  the  resultant  cur\'c  will  ap- 
proach as  neary  as  possible  a  parabola, 
which  begins  at  the  origin  of  the  co-or- 
dinates and  ends  at  the  intersection  of  the 
ordinate  of  the  diameter  of  the  largest 
particle  and  the  100  per  cent  line. 

To  i)  parts  of  the  aggregate  by  weight 
was  added  1  part  of  cement.  The  finer 
particles  of  the  aggregate  were  not  re- 
placed by  the  cement  as  is  sometimes  done. 
This  of  course  increased  the  percentage 
of  the  finer  particles  in  the  final  mix.  .Ml 
proportions  were  made  by  weight,  no  al- 
lowance being  made  for  moisture,  as  sev- 
eral tests  showed  that  the  small  amount 
present  was  fairly  constant  and  in  n..  r.i-e 
did  it  cxceccl  4  per  cent. 

All  mixing  was  done  by  hand  on  a  c.-n 
crcle  floor.  The  weighed  slonc  was  spread 
evenly  al>out  6  ins.  deep,  and  thoroughly 
moistened,  the  sand  and  cement,  mixed  to 
an  even  color,  were  spreail  over  the  stone. 
The  materials  were  turned  •>  times ;  twice 
dry,  then  with  a  little  water  added  from  a 
sprinkler,  more  water  being  used  during 
the  last  three  turnings  to  obtain  the  de- 
sired consistency.  Care  was  exercised  in 
turning,  to  avoid  heaping  the  concrete,  thus 
preventing  the  coarser  particles  from  roll- 
ing to  the  edges.     Sufficient  concrete  was 
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mixed  at  one  time  to  make  three  whole 
beams. 

The  amount  of  water  to  be  used  was  left 
to  the  judgment  of  the  operators.  It  was 
desired,  however,  to  obtain  a  concrete  of 
medium  consistency  that  would  quake 
easily  like  jelly,  when  disturbed.  This  was 
found  from  previous  experiments  to  give 
out  not  only  the  densest,  but  generally  the 
most  uniform  concrete.  The  amount  of 
water  used  did  not  vary  more  than  1  per 
cent  either  way  in  any  of  the  mixtures  of 
the  same  materials. 

The  concrete  was  shoveled  into  the 
forms  and  thoroughly  rammed  while  be- 
ing placed  with  a  %-in.  round  iron  bar 
about   30    ins.    long,   having   a   nut   on   the 

Table    I. — Showing    Results    of    Tests    of 
Strength   of  Concrete  Joints. 

Modu- 

Break-  lus  of 

No.  of      ing  rup- 

tests  ar-    load.  ture. 

Kind  of  Joints.              ranged.      lbs.  lbs. 
Stone  No.  1  and  sand  ; 

Solid  beams 2        3,275  345 

Dovetail  beams    3        1.700  178 

Vertical     joints,     rough- 
ened       2           900  94 

Scarf  joints    3        2,300  242 

Gravel  and  sand  :     - 

*Solid  beams    3        1,77.5  187 

Dovetail  joints   2        1,350  142 

Scarf  joints    3        1,833  193 

Scarf    joints   with   oxalic 

acid  ' 2        2.200  231 

Half  and  half  joints....  2           675  70 
Stone  No.  2  and  screenings : 

Solid  beams    3        3,200  337 

Vertical    joints    rein- 
forced      3        3,2.33  .   .341 

Scarf  joints   with   oxalic 

acid    3        3,4.33  3fi2 

Scarf   joints   with   oxalic 

acid  and  cement  paste.  3        3,200  337 

end.  At  all  times  it  was  the  aim  to  work 
uniformly  in  the  preparation  and  testing 
of  the  specimens  so  that  all  errors  or  dif- 
ferences that  might  be  caused  by  the  per- 
sonal equations  could  be  elimiated  or  made 
constant. 

The  first  half  of  all  specimens  were  al- 
lowed to  set  48  hours  before  the  remainder 
of  the  beam  was  added.  The  forms  were 
not  removed  until  the  completed  beam  was 
48  hours  old.  The  beams  were  not  moved 
nor  were  they  removed  from  their  pallets 
until  they  were  at  least  a  week  old.  The 
concrete  laboratory  where  the  specimens 
were  mixed,  stored  and  tested,  was  of  con- 
stant temperature,  about  60°  F.,  and  some- 
what damp,  so  it  was  not  considered  neces- 
sary to  guard  against  the  specimens  dry- 
ing out  too  rapidly. 

The  beams  were  tested  under  a  trans- 
verse load  over  a  51-ft.  span,  the  load  be- 


ing applied  1  ft.  each  way  from  the  center 
(if  the  span.  .\  200,000-lb.  Riehle  testing 
machine  was  used.  Resting  on  the  V- 
blocks  which  supported  the  beam  was  a 
wooden  frame,  which  cleared  the  beam. 
This  frame  extended  along  both  sides  of 
the  beam  and  midway  between  its  supports 
were  fastened  two  dial  test  gages,  which 
read  to  0.001  in.  Strapped  to  the  sides  of 
the  beam,  midway  between  the  V-blocks, 
were  two  brass  rods,  which  supported  two 
adjustable  arms.  At  the  ends  of  these 
arms  were  set  screws  bearing  against  the 
contact  points  of  the  dials.  As  the  beam 
deflected  the  arms  released  the  contact 
points    and    the    deflection    was    thus    indi- 
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•These  were  the  beams  without  joints, 
which  showed  less  strength  than  beams  hav- 
ing scarf  joints  as  mentioned  above. 


Locafion  of  Fractures, 

Fig.    1 — Sketches   Showing   Joints 
Tested. 

cated  on  the  dial.  This  arrangement  gave 
two  readings,  one  for  either  side,  and  the 
average  of  these  results  gave  the  mean  de- 
flection of  the  beam  at  the  center  of  the 
span  for  each  reading. 

The  load  was  applied  in  increments  of 
200  lbs.  and  the  deflection  noted  each  time. 
The  apparatus  for  measuring  the  deflec- 
tion of  the  beam  was  designed  by  Prof. 
J"  M.  Porter,  Dean  of  the  Civil  Engineer- 
ing Department  at  Lafayette  College.  Fig. 
1  shows  sketches  of  the  various  joints 
tested  and  the  location  of  the  fractures  in 
the  broken  beams.    The  results  of  the  tests 


arc  shown  in  Table  I   (compiled  from  the 
detailed  data  given  in  the  paper. — Eds.) 

Conclusion. — The  reinforced  joint  proved 
to  be  the  strongest  joint  tested,  failure  oc- 
curring not  at  the  joint  but  beyond  the  re- 
inforcement. Of  the  different  scarf  joints, 
which  were  the  next  strongest,  those 
scrubbed  with  oxalic  acid  were  a  little 
stronger  than  those  not  scrubbed.  The 
treating  of  the  surface  of  the  joint  with  a 
paste  of  neat  cement  from  the  results  of 
these  tests,  proves  to  be  of  but  little  value. 
The  dovetail  is  the  next  strongest  joint. 
This  type  of  joint,  although  stronger  than 
the  remaining  kinds,  seems  to  be  much 
weaker  than  the  scarf  joints.  The  vertical 
joints  roughened  and  the  half  in  half,  or 
step  joints,  were  the  weakest  of  all  those 
tested.  In  every  case  they  gave  a  low 
breaking  strength,  frequently  breaking 
while  being  handled. 


The  tliirticth  annual  convention  of  the 
Ohio  Engineering  Society  will  be  held  in 
Columbus,  with  headquarters  at  the  Great 
Southern  Hotel.  January  26,  27  and  28. 
1909.  The  program  of  technical  papers 
and  discussions  is  as  follows : 

Road  Problems  in  Ohio,  by  James  C. 
Wonders,  state  highway  commissioner. 

An  Economical  Long  Span  Reinforced 
Concrete  Highway  Bridge,  by  Wilbur  J. 
Watson,  consulting  engineer,  Cleveland,  O. 

Reinforced  Concrete  Highway  Bridges : 
Present  Status  and  Possible  Future  Devel- 
opments, by  Paul  R.  Murray,  consulting  en- 
gineer. New  Philadelphia,  Ohio. 

Table  of  Short  Radius  Curves,  by  W.  H. 
W.  Jenkins,  surveyor  and  civil  engineer, 
Portsmouth,  Ohio. 

Ceramic  Engineering,  by  Prof.  Edward 
Orton.  Jr. 

Coal  Mining,  by  Prof.  N.  W.  Lord. 

Grade  Crossing  Elimination  in  Colum- 
bus, Ohio,  by  R.  H.  Simpson,  assistant  city 
engineer. 

The  Operation  of  the  Columbus  Sewage 
Purification  Works,  by  C.  B.  Hoover,  su- 
perintendent in  charge. 

Fourth  Street  Paving.  Portsmouth,  Ohio, 
by  W.  H.  W.  Jenkins,  surveyor  and  civil 
engineer,  Portsmouth.  Ohio. 

The  State  Board  of  Health  and  Engi- 
neering Problems,  by  Dr.  C.  O.  Probst, 
executive  officer  of  the  State  Board  of 
Health. 

The  Improved  Water  Supply  and  Sewage 
System  of  Columbus,  with  Special  Refer- 
ence to  the  Developments  Leading  Up  to 
These  Improvements,  by  Julian  Griggs, 
consulting  engineer,  Columbus,  Ohio. 

The  Operation  of  Water  Purification 
and  Softening  Plants  with  Special  Refer- 
ence to  the  Works  at  Columbus,  by  Wm.  R. 
Copeland,  superintendent  in  char"". 


Over  700  miles  of  the  Frisco  system  are 
to  be  equipped  with  block  signals.  The 
contract  calls  for  the  expenditure  of  $3,- 
000.000. 


January  20,   Kjoy. 
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Ifarlh  and  Rock  Section 


Note:  This  Section  is  devoted  to  methods  and  costs  of  excavating  earth  nnd 
rocl\  an  J  builJin.:;  embankments.  It  will  cover  the  Rrading  of  roads  and  rail- 
niaJs,  diKin:;  anj  canal  uork,  drcd|;inK.  building  reserxiiirs  and  earth  dani>, 
M'wcr  aiiJ   walcr  pi;>>.'  IrciKJiinn,  qiiarrv  iii'.;.   lU. 


The  Methods  of  Consti^cting  the  Sub- 
aqueous Pipe  and  Electric  Cable- 
way  Tunnel  at  Gloucester, 
Mass.* 

BY     HKRMAN    W.    SPOON  ER.t 

Gloucester  is  a  city  by  the  sea.  situated, 
with  the  exception  of  one  ward,  upon  an 
island.  Naturally  a  water  supply  must  be 
obtained  lor  the  increasing  needs  of  the 
city  from  the  mainland,  and  the  pipes  and 
mains  must  be  carried  under  the  canal 
that  separates  the  island  from  the  main- 
land at  a  sufficient  depth  that  they  will  not 
interfere  with  navigation  in  the  canal. 

When  the  water  plant  was  built  in  1884 
the  single  supply  main  was  laid  just  below 
the  bottom  of  the  canal,  and  it  served  its 
purpose  until  the  canal  was  dredged  to 
deepen  the  channel.  On  account  of  this 
change  it  became  necessary  to  lower  the 
water  and  gas  mains  to  a  depth  of  19  ft. 
below  high  water  mark. 

.■\fter  due  consideration  it  was  decided 
to  construct  a  tunnel  beneath  the  channel 
to  carry  the  water  and  gas  pipes  and  elec- 
tric cables.  The  tunnel  was  located  on  lands 
owned  and  controlled  by  the  city.  It  was 
necessary  to  allow  for  an  additional  10  ft. 
of  dredging  in  the  canal.  Test  wells  and 
borings  were  made  to  determine  the  char- 
acter of  the  material,  with  a  view  of  lo- 
cating the  tunnel  at  the  most  favorable 
place.  The  work  was  advertised  and  let 
to  Gow  &  Palmer  of  Boston,  Mass. 

The  contract  and  plans  required  that 
the  contractors  construct  two  circular  ver- 
tical masonry  shafts,  interior  diameter  11 
ft.,  one  on  either  side  of  the  canal,  sur- 
roun<led  to  within  a  few  feet  of  the  sur- 
face by  steel  cylinders.  The  methods  of 
construction  were  k-ft  to  the  discretion  of 
the  contractor,  unless  objection  was  made 
thereto  by  the  writer,  and  it  was  assumed 
that  the  constructors  would  place  the  cylin- 
ders in  position  in  a  timbered  square- 
sheathed  excavation,  line  them  with  ma- 
sonry of  the  required  thickness,  and  then 
excavate  from  the  interior,  allowing  the 
lined  cylinders  to  settle.  A  tunnel  9  ft.  in 
inti-rior  diameter,  having  a  brick  wall  1  ft. 
in  thickness  and  incased  within  a  cylinder 
consisting  of  steel  plates,  was  to  be  con- 
structed between  these  vertical  shafts. 
After  the  construction  of  the  shafts  and 
tunnel,  the  contractor  was  required  to 
place  or  imbed  in  concrete  in  the  bottom 
of  the  tunnel  six  lines  of  vitrified  six  mul- 
tiple    duct     extending     along     the     entire 


•Condensed  from  a  paper  read  t)ofiiri>  thp 
New  I'^iiRland  Water  Works  Association  and 
prlnlf'd  in   tlie  Journal  of  the   ,\,ssoclatlon. 

tClvil   Engineer.   Gloucester.    Mass. 


K-ngth  of  the  bottom  of  the  tunnel ;  two 
lines  of  cast-iron  pipe  '20  ins.  in  interior 
diameter  were  to  be  placed  above  the  con- 
crete in  whidi  the  ducts  were  to  be  im- 
bedded, together  with  a  12-in.  main  to 
convey  illuminating  gas,  all  of  which  were 
to  be  supported  upon  brick  piers  and  ex- 
tended upward  through  the  shafts  to  a 
point  about  4V4  ft.  below  the  natural  sur- 
face. The  vertical  shafts  were  to  be  di- 
vided by  brick  walls  8  ins.  in  thickness 
into  three  compartments,  the  larger  por- 
tion to  be  utilized  for  the  water  and  gas 
mains,  the  other  part  to  be  subdivided  into 
two  parts  or  quarters  to  accommodate 
high  and  low-tension  wires  or  cables;  both 
shafts  were  to  be  covered  with  concrete 
floors,  entrance  to  be  made  through  cast- 
iron  manholes,  .\fter  considering  the  bid 
at  length,  it  was  decided  to  modify  the 
plans  that  the  cost  might  be  reduced,  and 
ring  timber  or  a  cylinder  of  pine  6  ins. 
in  thickness  to  take  the  place  of  the  steel 
plates  surrounding  the  brick  walls  of  the 
tunnel  was  proposed  by  the  party  present- 
ing the  bid.  This  alteration  in  the  orig- 
inal cross-section  was  drafted  by  the 
writer,  submitted  to  the  bidder  for  con- 
sideration, and  in  reply  a  bid  of  $26,000 
was  received  to  complete  the  work  in  ac- 
cordance with  the  revised  plans  and  speci- 
fications, equiv.ilcnt  to  $200  per  horizontal 
linear   foo: 

The  first  t-xc.ivati<m  iii  eoimection  with 
the  actual  performance  of  the  contract 
was  made,  on  .April  -I,  190.5,  in  Marine 
Park,  at  the  site  of  the  easterly  shaft. 
The  steel  cylinders,  1.3  ft.  in  diameter  and 
more  than  12  ft.  high,  together  with  a 
shorter  section  of  special  construction  for 
use  as  a  shoe  or  bottom  piece,  arrived  by 
lighter  on  .April  15  and  were  landed  in 
the  park  together  with  a  hoisting  engine, 
derrick,   pumps,   and   other   apparatus. 

A  circular  excavation  was  madi-  for  the 
shaft,  sheathed  with  matched  plank  2  in. 
in  thickness,  the  sheathing  being  supported 
by  rings  of  t-in^ channel  iron,  leaving  an 
opening  in  the  clear  of  13  ft.  9  ins.  in 
which  to  operate.  -At  a  depth  of  10  ft. 
boulders  were  encountered  in  the  coarse 
gravel,  which  were  removed  after  blast- 
ing; water  immediately  began  to  enter 
the  excavation  in  small  volume  and  was 
removed  by  a  3-in.  pulsometer  pump.  At 
a  depth  of  18  ft.  a  decided  change  was 
noted  in  the  material,  fine  dead  sand  be- 
ing found,  and  a  decided  increase  in  the 
quantity    of   water   was   evident 

On  .\pril  11,  when  a  depth  of  19  ft.  had 
been  reached,  the  shoepicce  of  the  cylin- 
der,   having    a    special    reinforced    cutting 


edge  u|)on  which  the  masonry  lining  wall 
wa>  to  be  constructed,  was  placed  in  po- 
sition within  the  sheathing,  and  a  second 
section  of  the  cylinder  was  then  adjusted, 
the  eye  tor  portion  which  was  to  be  cut 
out  later  when  the  shaft  was  completel) 
lowered,  and  through  which  the  tunnel 
was  to  be  started)  centered,  and  prepa- 
ration made  to  place  the  concrete  lining. 
Fine  screened  sand  was  placed  between 
the  sheathing  and  the  cylinder  to  fill  the 
void  and  act  as  a  guide,  which  later  ap- 
peared to  be  an  error,  causing  great  loss 
of   time   and   expense   to  the  contractor. 

While  the  sheathing  was  being  placed 
for  use  as  a  form  to  support  the  con- 
crete lining  of  the  easterly  shaft,  an  ex- 
cavation was  commenced  on  the  westerly 
side  of  the  canal  at  the  site  of  the  west 
shaft,  in  which  many  large  boulders  were 
found  and  removed  after  blasting,  and 
from  which  the  cables  of  the  Postal  Tele- 
graph Company  were  removed.  This 
opening  was  made  in  the  same  manner  as 
the  easterly  excavation;  the  materials  en- 
countered at  the  several  levels  were  al- 
most identical  with  those  found  upon 
the   east    side   of   the   canal. 

The  interior  of  the  cylinder  in  the  cast 
shaft  was  treated  with  a  three-ply  coat- 
ing of  waterproofing,  the  steel  receiving 
a  coat  of  tar,  and  tarred  paper  being  ap- 
plied thereto,  and  this  operation  was  con- 
tinued until  the  desired  amount  had  been 
placed. 

Forms  of  dressed  l^i-in.  plank  were 
erected,  supported  within  by  rings  of  double 
angle-iron,  allowing  for  the  placing  of 
concrete  1  ft.  in  thickness  inside  the  wa- 
terproofed cylinders.  The  following 
mixture  of  concrete  was  required  and 
placed:  To  each  380  lbs  of  dry  Portland 
cement  there  was  added  0  cu.  ft.  of  fine 
and  11  cu.  ft.  of  coarse  crushed  stone, 
and  4  cu.  ft.  of  clean,  sharp  bank  sand, 
the  whole  being  mixed  very  wet. 

.Ml  concrete,  and  all  mortar  used  in 
brickwork,  was  mixed  by  hand  and  made 
with  .Atlas  Portland  cement  which  passed 
all    the    required   tests. 

The  double  angle-iron  supporting  the 
forms  were  set  3  feet  apart  and  were  re- 
placed by  wooden  block  rings  after  the 
concrete  had  attained  a  sufficient  degree 
of  hardness.  Hooked  bolts  were  set  in 
the  concrete  as  the  lining  walls  were 
erected,  to  which  stagings  may  be  attached 
inside   the   cable   chambers. 

When  several  vertical  feel  of  the  con- 
crete lining  walls  had  been  placed,  it  was 
noted  that  the  entire  cylinder  had  settled 
about  (>  in.  into  the  gravel,  the  cutting 
edge  resting  upon  a  boulder  which  was 
found  to  be  under  the  easterly  edge.  .Af- 
ter this  boulder  had  been  partially  remov- 
ed by  blasting,  the  structure  again  set- 
tled about  3  in.  It  was  found  that  the 
boulder  was  of  large  size,  and  after  con- 
tinued small  blasts,  small  amounts  of 
powder  iK-ing  used  on  account  of  the  close 
proximity    of    the    cutting    edge,    the    cyl- 
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inder  slipped  past  this  obstruction  reach- 
ing a  depth  of  about  21  ft.  by  easy  stages. 
At  this  time  (April  24)  the  structure 
was  going  downward  at  the  rate  of  about 
20  in.  in  11  hrs.  and  was  becoming  gradu- 
ally out  of  phunb.  The  lowest  portion  of 
the  edge  was  then  blocked  and  the  high 
side  weighted  witli  all  available  material, 
but  no  progress  was  made,  the  cylinder 
having  a  decided  tendency  to  remian  sta- 
tionary. Another  section  of  steel  cylin- 
der was  attached  to  the  loaded  walls  and 
lined  with  concrete,  the  structure  being  at 
this  time  about  0  in.  out  of  level  in  the 
width.  In  tliis  position  the  cylinder  con- 
tinued to  settle  slowly  notwithstanding  the 
efiforts  made  to  guide  it  to  a  level  or 
plumb  position.  It  was  noted  that  the 
fine  screened  sand  which  had  been  placed 
between  the  sheathing  and  tlie  cylinder 
shifted    continually,    causing    the    movable 


with  cement  grout,  this  method  being  less 
expensive  and  having  been  used  to  advan- 
tage in  other  and  similar  work.  Here, 
however,  it  was  found  that  the  nature  of 
the  gravel  was  such  that  the  ground  wa- 
ters at  all  times  moved  freely  through  the 
ground,  so  that  there  was  no  opportunity 
at  any  time  to  leave  grout  in  place  for  a 
sutficient  period  to  allow  of  its  attaining 
the  initial  set.  Therefore,  on  May  2,  the 
contractor  decided  to  resort  to  the  use  of 
the  pneumatic  method  of  construction.  At 
this  time  the  bottom  or  cutting  edge  of  the 
cylinder  was  about  7  ft.  below  low-water 
mark,  it  being  necessary  to  lower  the 
structure  about  20  ft.  further  before  the 
required  depth  w-as  reached.  During  the 
next  two  days  the  cylinder  was  worried 
down  to  a  bed  consisting  of  very  coarse, 
liard  gravel  and  isolated  to  a  depth  of  28 
ft.   below  the   surface  of  the  park. 


and  the  walls  constructed  of  concrete,  an 
air  deck,  18  in.  in  thickness,  being  built 
into  the  walls  as  the  work  progressed. 
The  materials  encountered  in  excavating 
were  nearly  identical  with  those  found  in 
the  east  side  except  that  strata  of  gravel 
mixed  with  iron  through  which  the  water 
entered    freely  were  passed  through. 

The  pumping  apparatus  was  moved  to 
the  west  shaft  and  an  attempt  made  to 
work  tliis  cylinder  to  a  greater  depth  than 
was  reached  in  the  east  shaft,  but  when 
a  level  had  been  reached  which  was  within 
a  fraction  of  an  inch  of  the  level  of  the 
bottom  of  the  first  shaft,  the  contractor 
was  forced  to  abandon  operations  and 
wait  for  the  application  of  compressed  air. 

While  work  was  being  carried  forward 
on  the  westerly  side  of  the  canal,  a  small 
compressor  with  a  receiver  had  been  in- 
stalled   near   the    derrick   on   the   east   side 
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structure  to  be  januiied  far  to  one  side, 
and  on  account  of  the  shape  of  the  exca- 
vation (round)  and  the  impossibility  of 
moving  the  sand  guide  at  w-ill.  the  space 
being  too  small,  it  was  found  to  be  im- 
practicable to  right  the  cylinder.  The  vol- 
ume of  water  entering  the  excavation  rap- 
idly increased,  and  as  the  tide  turned,  the 
laborers  were  obliged  to  leave  the  bot- 
tom on  account  of  the  absence  of  pumps 
of  sufficient  capacity.  At  this  time  two 
3-in.  pulsometer  pumps,  assisted  by  a  large 
single-cylinder  Emerson  pump,  were  in 
continuous  operation,  the  depth  of  the  ex- 
cavation being  about  25  ft.  below  the  sur- 
face of  the  park  and  about  5  ft.  below 
the  low-water  mark  in  Gloucester  har- 
bor. It  was  the  intention  of  the  contractor 
to  complete  the  work  without  the  use  of 
compressed  air,  treating  the  ground 
through    which   the   work   was   to   be   built 


A  recess  was  cut  in  the  concrete  lining 
to  receive  the  wooden  deck  which  was  to 
support  the  compressed  air  tube  and  lock, 
and  work  in  the  east  shaft  was  abandoned 
until  the  apparatus,  air  compressor,  addi- 
tional  boilers,  etc.,  could  be  assembled. 

The  cylinders  to  be  placed  within  the 
excavation  on  the  west  side  of  the  canal 
were  rolled  across  the  drawbridge  and 
placed  in  correct  order  inside  the  sheath- 
ing with  the  aid  of  shears,  power  being 
furnished  from  the  plant  on  the  east  side 
of  the  canal.  Before  being  placed  in  posi- 
tion, si.x  skids  or  guides  consisting  of 
timber  4x6  in.  in  size  were  affixed  by  lag 
screws  to  the  sheathing,  being  notched  at 
each  ring  of  channel-iron,  this  pattern  of 
a  guide  being  used  in  place  of  the  screened 
sand  used  in  the  east  shaft.  The  inside  of 
this  cylinder  was  treated  in  the  same  man- 
ner as  was  the  one  in  -the  opposite  shaft 


of  the  canal,  and  on  May  27  the  air-lock 
and  tubing  especially  designed  and  built 
for  this  work  arrived  and  were  ready,  to- 
gether with  the  head-house,  and  in  opera- 
tion, four  days  thereafter.  Previous  to 
this  time  there  had  been  very  little  con- 
tinuous \vork.  and  as  when  using  the 
pneumatic  method  there  is  a  continuous 
expense  to  maintain  a  dry  excavation,  two 
shifts  were  organized.  Each  shift  worked 
eleven  hours  and  consisted  of  foreman, 
stationary  engineer,  fireman,  locktenders, 
miners,  tenders,  and  muckers,  generally 
eleven  men  being  emmployed  during  each 
shift.  The  men  employed  upon  this  work 
were  of  the  first  rank  in  their  several  vo- 
cations, exercising  great  care  in  the  per- 
formance of  the  duties  assigned  to  them, 
and  on  this  account,  if  for  no  other  rea- 
son, the  writer  is  pleased  to  be  able  to 
state  that  there  were  no  men  injured  dur- 
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iiig  the  execution  of  this  contract,  anil  the 
final    result    is    entirely    satisfactory. 

The  air  compressor  was  in  operation 
(hereafter  continually  until  the  work  wa> 
nearly  completed.  All  materials  were  re- 
moved, anil  all  materials  required  in  con- 
struction were  transferred,  through  the 
airlock,  thus  increasing  the  cost  of  con- 
slrnctiiin    nearly    four-fold. 

The  cylinder  was  bound  in  such  a  man- 
ner that  althoui;h  tlie  gravel  was  exca- 
vated from  beneath  the  cylinder  to  a 
depth  of  3  ft.  and  additional  weight  was 
added  in  the  form  of  water  on  the  deck 
and  piles  of  brick  upon  the  rim.  it  did 
not  drop  until  all  the  air-pressure  had 
been  removed  and  the  earth  at  the  sid^s 
of  the  cylinder  conmienced  to  heave  in- 
ward. This  passage  of  gravel  or  "heave" 
from  around  the  cylinder  and  about  the 
sheathing  down  and  into  the  void  ex- 
cavated and  into  which  it  was  desired 
to  drop  the  structure  caused  trouble 
throughout  the  entire  lowering  of  this 
shaft,  also  until  the  tunnel  was  completed 
about  1"  ft.  from  the  side  or  eye.  Often 
after  working  for  an  entire  shift,  when 
air  pressure  was  removed,  a  net  gain  in 
depth  of  only  1  ft.  was  made,  while  at 
other   times   only   3   ins.    were   gained. 

Poling  boards  were  used  beneath  and 
in  the  rear  of  the  cutting  edge  to  hold  back 
the  material  which  had  a  decided  tendency 
to  heave,  but  with  little  effect.  In  some 
instances  over  4  ft.  of  sand  and  gravel 
rushed  in  when  the  pressure  was  removed, 
requiring  nearly  an  entire  shift  of  work 
to    remove    it. 

In  order  to  increase  the  weight  of  the 
cylinder,  hundreds  of  tons  of  pig-iron 
were  placed  upon  the  deck  and  walls  in 
the  endeavor  to  drive  the  cylinder  down, 
but  even  under  this  added  weight  it  still 
remained   firm. 

The  sand  used  as  a  guide  had  shifted 
and  the  surrounding  ground  settled  or 
slunipeil.  carrying  sheathing  and  clianncl- 
'ron  rings  with  it  to  such  an  extent  that 
me  head-house  was  unstable,  a  cavity  ex- 
tending nearly  lo  ft.  from  tlic  cylinder  in 
all  directions  being  open.  Heavy  timbers 
were  pl.iccd  to  span  the  hole  and  support 
the  superstructure,  being  lield  together 
with   heavy   chains. 

It  was  decided  at  this  lime  to  drive  a 
square  set  of  sheathing  f)Utside  the  circu- 
lar set  originally  placed,  in  an  attempt  to 
reach  the  channel-iron  rings  which  were 
evidently  j;.mmed  between  the  steel  cyl- 
inder and  the  original  sheathing :  also  to 
support  the  earth  and  prevent  further 
caving.  This  was  accumplislud  with  con- 
siderable difficulty,  it  being  foun<l  that  the 
rings  were  in  close  contact  with  the  cyl- 
inder, being  much  lower  on  one  side  of  the 
cylinder  than  on  the  other;  also  th;it  the 
heads  of  a  few  of  the  rivets  used  in  mak- 
ing the  joints  of  the  cylinder  ha<l  been 
entirely  cut  or  scraped  of!  as  it  had  slid 
through  the  ring.  Two  rings  were  cut 
and  the  accessible  portions   removed,  after 


which  a  iKuildcr  tliat  had  slid  in  and  bound 
against  the  cylinder  was  broken  and  re- 
moved. 

The  work  of  excavating  was  recom- 
menced beneath  the  cylinder  after  sections 
of  the  tube  leading  from  the  air-lock  to 
the  deck  had  been  placed  in  position,  and 
the  cylinder  was  lowered  after  continued 
and  discouraging  efforts,  as  at  no  one  time 
did  it  go  down  more  than  2<i  ins. 

Grade  lines  were  drawn  across  the  cyl- 
inder on  June  28  and  preparations  made 
for  a  final  drop  to  the  required  grade. 
.\fter  the  air  pressure  was  removed  the 
structure  settled  gradually,  and  when  the 
desired  point  was  re,-iche<l.  the  air  pres- 
sure was  applied,  but  before  there  was 
sufficient  pressure  to  counteract  the  weight, 
it   had   settled  nearly   I    ft.  below  the  line. 

-v  sp.-icc  was  immediately  excavated  be- 
low the  cutting  edge  and  poling  boards 
placed  in  such  a  position  as  to  allow  for 
the  placing  of  a  concrete  foundation  of 
much  larger  diameter  than  the  cylinder. 
The  center  of  the  excavation  was  dished 
to  a  depth  of  8  ins.  below  the  sides  or 
ends  of  the  poling  boards,  the  material  at 
the  bottom  and  upon  which  the  founda- 
tion was  placed  consisting  of  a  mixture 
of  coarse  and  fine  hardpan  gravel,  in 
which,  on  account  of  its  firmness,  it  was 
difficult  to  make  an  impression  with  a 
pick. 

.•\  pressure  of  17  lbs.  per  sq.  in.  was 
maintained  while  depositing  the  concrete 
for  the  foundation,  placing  the  water- 
proofing, and  until  the  whole  mass  had 
firmly  set:  the  cavity  around  the  shaft  was 
filled  and  preparations  made  to  extend  the 
walls  of  the   shaft  upward. 

The  power  plant  upon  this  work  July  1 
consisted  of  three  boilers,  including  the 
one  used  in  connection  with  the  hoisting 
engine,  all  being  piped  together  and  mak- 
ing a  total  of  511  h.  p.  to  operate  the  hoist- 
ing engine  and  compressor.  At  this  time 
it  was  decicled  to  make  a  trial  of  the  use 
of  cement  grout  to  harden  the  ground 
through  which  the  tumiel  was  to  be  driven. 
.\  small  °?  in.  opening  was  made  in  the 
steel  cylinder  in  the  upper  part  of  the 
eye  12  ft.  in  diameter,  which  had  been  left 
free  from  concrete  when  the  walls  were 
formed,  a  thin  mixture  of  grout  was  pre- 
pareil  and  an  attempt  made  to  force  it  into 
the  san<l  aiul  gravel  surrounding  the  steel 
casing,  but  after  several  attempts  the  idea 
was  abandoned,  as  it  seemed,  under  ex- 
isting conditions,  impracticable,  it  being 
only  possible  to  solidify  a  very  small  sec- 
tion of  the  material  directly  surrounding 
the  delivery  point  of  the  grout. 

.■\s  the  excavation  was  progressing  at 
the  differeiu  levels,  correspimding  to  those 
through  which  the  tunnel  was  to  be  driven, 
careful  examination  was  made,  with  the 
residt  that  when  it  was  found  that  the 
solidification  method  was  impracticable,  re- 
course was  had  to  the  original  method  of 
using  steel  plates  to  support  the  earth 
above   and    upon   the   sides  of   the  tunnel. 


while  the  masonry  walls  were  placed  with 
the  aid  of  compressed  air.  .\  supplement- 
ary agreement  was  drawn  and  the  con 
tractor  granted  permission  therein  to  use 
steel  plates  in  place  of  ring  timln-r  pro- 
vided that  the  ma.sonry  walls,  including  the 
waterproofing  and  plaster,  were  construct- 
ed to  a  minimum  thickness  of  18  ins.,  a 
thickness  equal  to  the  proposed  ring-tim- 
ber and  brick  wall.  This  agreement  was 
signed,  plates  or<lered.  ami  i  ■ 
made  to  cut  out  the  eye.  CJn  Ji 
h.  p.  upright  Iniler  was  .idded  to  ihe  ex- 
isting plant.  The  work  of  cutting  the 
steel  cylinder  progressed  very  slowly  on 
account  of  the  disadvantages  under  which 
the  men  labored,  the  positions  necessarily 
ocupied  in  holding  and  striking  the  points 
being  decideilly  awkward.  .\fter  ;il..u! 
170  hours  of  continuous  work  by  entire 
shifts  with  diamond  points,  a  part  of  the 
upper  portion  of  the  eye  was  removed  and 
it  became  evident  that  the  channel-iron 
rings  which  were  mentioned  as  having 
been  used  as  a  support  for  the  original 
sheathing  were  to  continue  to  disturb  op- 
erations. Directly  across  the  opening  made 
in  the  side  of  the  cylinder  two  of  the  rings 
were  found  twisted  completely  around 
each  other,  having  been  carried  down  at 
least  18  ft.  while  in  close  contact  with  the 
cylinder,  thus  causing  friction  which  re- 
tarded the  settling  of  the  cylinder.  The 
sections  of  rings  spanning  the  eye  were 
cut  out  and  the  excavation  continued. 

.•\s  there  was  no  clay  encountered  in  this 
work,  the  necessary  amount  of  clay  was 
hauled  from  the  location  of  an  old  clay 
pit,  a  di.stance  of  about  8fl<t  yds.  This  clay 
was  not  of  the  best  quality  for  this  work 
but  was  as  good  as  could  be  readily  pro- 
cured, the  disadvantage  in  its  use  being 
that  upon  .-.pplication  to  the  gravel  breast 
and  plate- joints  it  dried,  causing  crevices 
to  immediately  appear  through  which  the 
air  freely  issued :  consequently,  it  was  nec- 
essary to  keep  men  continually  employed 
dampening  and  renewing  the  clayed  sur- 
face. 

On  July  12  the  need  of  an  addition  to 
the  air  compressor  plant  was  noted,  as 
the  small  high-pressure  engine  delivering 
alx)ut  3(lt>  cu.  ft.  of  air  per  minute  seemed 
to  he  inade<|uate,  the  temperature  in  the 
heading  ri'^ing  to  .such  a  degree  that  an 
effort  was  made  to  cool  the  air  with  water 
and  ice  previous  to  sending  it  into  work, 
and  thus  enable  the  men  to  work  freely. 
The  opening  in  the  top  of  the  eye  was  only 
18  ins.  in  depth  at  this  time,  and  on  ac 
count  of  the  loose  nature  of  the  ground 
the  single  compressor  was  working  to  its 
lull  capacity  in  order  to  maintain  suffi 
cient  pressure  to  keep  the  water  away 
from    the   breast. 

.\  few  small  lK>ulilers  were  encountered 
in  this  first  opening,  which  were  removed 
without  difficulty.  For  four  full  days,  or 
eight  shifts,  the  men  labored  in  excessive 
heat,  depending  upon  the  one  ccnnpressor, 
and  succeeded  in  driving  the  arch  of  the 
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tunnel  a  distance  of  four  plates,  or  4  ft. 
from  the  side  of  the  vertical  shaft.  After 
two  more  rings  were  added  it  was  decided 
to  suspend  operations  and  seal  the  head- 
ing with  clay  until  another  compressor 
could  be  installed,  as  it  was  decidedly  dan- 
gerous to  excavate  further  and  depend  on 
the  one  compressor  then  operating  at  its 
full  capacity  to  maintain  the  required  pres- 
sure. 

On  July  22  another  high-pressure  capa- 
ble of  delivering  about  800  cu.  ft.  of  air 
per  minute  was  installed  and  in  operation, 
working  in  conjunction  with  tlie  other. 
and  the  work   was   again   rushed    forward. 

The  contractors  at  this  time  realized  the 
necessity  of  still  further  increasing  the 
plant  by  the  addition  of  another  boiler,  as 
tlie  three  small  boilers  on  the  work  were 
taxed  nearly  to  their  entire  capacity.  When 
the  arch  had  been  driven  a  distance  of  8 
ft.  tlie  needle-beam,  consisting  of  a  timber 
10  ft.  in  length,  12  ins.  square,  was  placed 
in  position,  and  the  work  of  removing  the 
lower  half  of  the  eye  of  the  cylinder  was 
commenced.  The  plate-joints  and  breast 
were  completely  covered  with  successive 
coatings  of  clay  to  hold  the  air,  and  even 
then  it  required  the  operations  of  both 
compressors  at  a  high  speed  to  maintain 
sufficient  pressure,  the  thermometer  regis- 
tering 100  degrees  in  the  heading  and  90 
degrees  in  the  lock.  The  continuous  labor 
(eleven  hours)  in  lijmiid  compressed  air  at 
such  high  temperature  began  to  affect  the 
laborers  and  they  were  obhged  to  come  out 
through  the  lock  at  intervals  for  change  of 
air.  On  July  27  the  brick  masons  laid  the 
first  section  of  invert  and  completed  the 
arch  and  work  around  the  eye  on  July  29, 
laboring  in  the  intense  heat  nearly  4-5 
hours  to  complete  the  section  6  ft.  in 
length. 

-\  temp.orary  bulkhead  of  plank  and  bags 
of  clay  was  placed  in  the  invert  at  the  end 
of  the  completed  section,  and  the  heading 
again  opened.  While  this  work  had  been 
progressing,  another  boiler  (capacity  150 
h.  p.)  had  arrived,  tlie  entire  plant  being 
connected  and  in  working  order  on  Au- 
gust 3  :  the  heading  had  now  been  extended 
a  distance  of  12  ft.  through  coarse  gravel 
and  boulders.  At  this  time  the  larger  of 
the  two  compressors  became  jammed  and 
was  out  of  commission  for  a  few  tninutes, 
the  whole  load  resting  on  the  small  com- 
pressor. During  the  strain  this  compress- 
or turned  140  revolutions  per  minute, 
and  although  the  pressure  gradually 
dropped,  the  single  engine  held  suflficient 
pressure  until  the  defect  was  repaired  and 
both    were    running. 

It  was  evident  to  the  writer  that  there 
was  not  suflficient  duplication  of  plant  upon 
the  work,  and  in  consequence  he  requested 
the  contractors  to  still  further  add  to  the 
existing  plant  a  compressor  delivering  at 
least  1,100  cu.  ft.  of  air  per  minute.  Under 
the  conditions,  it  was  unsafe  to  carry  on 
operations  in  the  heading,  not  only  on  ac- 
count  of   the    danger   to   the   laborers,   but 


also  on  account  of  the  danger  of  loosen- 
ing or  the  caving  in  of  the  breast  and  the 
loss  of  time  in  again  recommencing  opera- 
tions. 

On  Aug.  11),  2i3  ft.  of  the  walls  of  the 
tunnel  had  been  completed,  and  the  con- 
tractors had  decided  to  send  a  third  com- 
pressing engine  to  the  works,  had  procured 
a  large  low-pressure  machine,  capacity 
1,100  cu.  ft.  per  minute,  and  assured  the 
writer  that  it  would  be  in  operation  within 
a   few   days. 

The  contractors  kept  in  touch  with  the 
work,  and  knowing  well  the  delicacy  of 
the  operation  of  driving  the  tunnel 
through  the  coarse  gravel  and  stray  bould- 
ers that  might  be  encountered,  suggested 
a  decided  change  in  the  method  of  con- 
struction. Under  the  bed  of  the  canal  the 
roof  of  the  tunnel  was  to  be  constructed 
within  11  ft.  of  low-water  mark,  the  bed 
of  the  canal  being  practically  dry  at  low 
tide.  The  amount  of  material  above  the 
work  was  deemed  insufficient  to  hold  suf- 
ficient pressure  to  allow  for  the  construc- 
tion of  a  full  section  of  tlie  tnnnel  wall: 
therefore  it  was  decided  that  when  the 
completed  walls  had  been  erected  to  within 
a  safe  distance  of  the  canal,  the  upper 
half  or  arch  should  be  driven  and  the 
arch  wall  completed  under  and  as  far  as 
the  westerly  side  of  the  canal  to  a  point 
beneath    the   retaining   wall. 

The  last  addition  to  the  plant  consisted 
of  a  large  low-pressure  compressed  air 
engine,  having  a  capacity  of  1,100  cu.  ft. 
per  minute,  and  was  installed  and  in  op- 
eration on  Aug.  23.  It  was  found  that 
the  diflference  in  the  temperature  in  the 
tunnel  was  about  20  degrees,  being  much 
lower  than  when  the  air  was  supplied  by 
the  small  compressors;  it  was  also  noted 
tl^at  sufficient  air  could  be  supplied  by  the 
new  engine  and  half  speed  on  the  second 
machine,  allowing  for  repairs  on  the  third 
or   smallest   engine. 

The  work  hereafter  progressed  more 
rapidly,  and  on  August  28  46  ft.  of  the 
tunnel  wall  was  completed,  and  on  Sep- 
tember 1  a  gain  of  10  ft.  additional  had 
been   made. 

.\t  a  point  about  5(3  ft.  from  the  easterly 
sliaft  a  temporary  bulkhead  was  erected, 
filling  the  bottom  of  the  tunnel  or  invert 
to  within  a  few  inches  of  the  spring  line, 
composed  of  a  brick  wall  12  ins.  in  thick- 
ness and  backed  by  clay  puddle.  This  dam 
or  bulkhead  remained  in  place  until  the 
arch  walls  were  completed  under  and  be- 
neath the  western  walls  of  the  canal.  Dur- 
ing the  construction  of  this  arch  about 
9%  pounds  of  pressure  was  sufficient  to 
carry  on  the  work.  When  the  tunnel  had 
lieen  driven  to  a  point  within  20  ft.  of  the 
easterly  canal  wall  a  sliglit  leakage  of  air 
was  noted  in  the  waters  passing  through 
the  canal.  This  disturbance  continued  to 
increase  as  the  work  was  extended,  and 
wlien  it  had  progressed  to  a  point  directly 
beneath  the  canal,  the  air  rushed  up 
through   the   waters   in    such   volume    from 


the  heading  that  the  canal  for  its  entire 
width  and  a  distance  of  oO  ft.  up  and  down 
stream  resembled  a  boiling  caldron,  which 
was  watched  with  nnich  interest  and  ."-pecu- 
lation by  large  numbers  of  people  from 
the    bridge. 

This  work  of  driving  the  arch  had  pro- 
gressed only  a  few  feet  when  a  boulder 
was  uncovered  in  the  roof  extending 
across  the  heading  for  a  distance  of  5  ft. 
and  hanging  into  the  opening  about  2  ft. 
-\  few  light  charges  were  fired  in  small 
hand-holes  made  on  the  under  side  of 
the  boulder,  but  no  marked  effect  was 
made.  Drilling  and  splitting  was  then  com- 
menced, and  after  nearly  a  week  of  con- 
tinuous work  the  roof-plates  were  made 
secure  beneath  the  stone,  a  sufficient 
amount  of  the  boulder  having  been  remov- 
ed. Several  small  boulders  were  found, 
split,  and  removed  from  the  heading,  re- 
maining in  the  completed  tunnel  until  the 
air  deck  was  removed,  as  they  were  too 
large  to   move   through   the   lock. 

During  the  progress  of  this  part  of  the 
work  the  ground  occupying  the  position  of 
the  invert  remained  undisturbed,  the 
bench  or  ground  below  the  spring  line  be- 
ing covered  with  a  layer  of  clay  0  ins. 
in  thickness,  having  an  overlayer  of 
boards.  Tt  was  quite  a  difficult  task  and 
required  continuous  watching  to  keep  the 
pressure  at  an  amount  sufficient  to  keep 
the  water  from  entering  imder  and 
through  the  clay  floor,  and  again  not 
enough  to  lift  tlie  canal  bottom  and  cause 
a  blowout,  it  being  necessary  to  watch  the 
rise  and  fall  of  the  tide  and  regulate  the 
pressure   according  to   its   different   levels. 

During  this  part  of  the  work  the  small- 
est error  in  air  pressure  could  but  result 
in  severe  monetary  loss  to  the  contractors 
and  possibly  the  loss  of  the  lives  of  the 
men  employed  in  excavating  the  heading. 
The  materials  excavated  were  coarse  sand 
and  gravel,  through  which  the  air  rushed 
freely  when  not  retarded  by  the  coating 
of  clay  applied  from  within,  and  was  re- 
moved from  its  original  position  by  small 
trowels.  This  gravel,  after  being  dug  out 
with  the  trowels  and  dropped  on  the  bench, 
was  shoveled  into  a  single  wheelbarrow 
and  transferred  to  the  shaft.  Here  it  was 
again  shoveled  into  a  bucket  to  be  lifted 
into  the  air  lock.  From  the  lock  it  was 
dumped  into  carts  and  hauled  to  the  dump. 
Thus  it  will  be  understood  that  the  gravel 
excavated  was  handled  five  different  times 
before  being  finally  dumped,  making  the 
expense   heavy. 

Several  times  during  the  perilous  part  of 
the  work  on  the  arch,  the  earth  was  driven 
upward  by  the  air  pressure  or  fell  away, 
leaving  a  large  aperture  through  which  the 
air  roared  to  the  surface.  During  these 
periods  the  whole  compressor  plant  was 
operated  'o  its  entire  capacity ;  these  voids 
were  immediately  filled  with  clay,  bags, 
or  any  cloth  or  material  which  would  stop 
the  outru-.li  of  air.  the  miners  knowing 
that    were    these    voids    not    filled    at    once 
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Ihc  pri-s5urc  would  relax  and  the  waters 
from  ilie  canal  and  the  liurbor  rusli  in.  On 
September  "JI  the  arch  was  completed  to  a 
point  about  14  ft.  from  the  western  shaft 
and  beneath  the  westerly  side  wall  of  the 
canal,  and  a  solid  brick  bulkhead  erected. 
This  bulkhead  was  built  within  the  com- 
pleted arch  and  about  1  ft.  back  from  the 
tiK>thing,  ilius  leaving  sufficient  brickwork 
for  connection  with  that  part  of  the  tun- 
nel which  was  to  be  built  from  the  west- 
erly   shaft. 

The  t'lr^i  temporary  brick  bulkhead  was 
nt)W  reiniived  and  the  invert  constructed, 
the  connection  between  the  arch  and  in- 
vert being  made  tight  by  splitting  brick  in 
form  of  a  wedge  and  driving  tight.  This 
being  neatly  executed,  the  circular  section 
was  made  complete  to  the  terminus  of  the 
work  to  be  accomplished  from  the  east 
side.  The  bulkhead  having  been  completed 
and  braced  by  heavy  raker  timbers  step- 
ped into  iIk  brick  invert,  the  air  pressure 
was  removed  and  the  air  tube  and  lock 
transferred  and  fastened  in  position  m  the 
west  cylinder,  the  air  and  water  supply 
pipes  were  suspended  over  the  canal,  the 
head-house  placed  in  position,  and  the 
work  of  settling  the  western  shaft  com- 
menced  on   October   6. 

The  west  cylinder,  having  timber  cuides. 
settled  rapidly,  the  cutting  edge  being  kept 
in  contact  with  the  bottom,  slipping  down 
when  the  air  pressure  was  slightly  re- 
duced :  thus  the  trouble  of  the  heaving  of 
gravel,  as  was  experienced  in  sinking  the 
east  shaft,  was  avoided,  and  on  October 
9.  \-  ft.  of  progress  downward  had  been 
accomplished.  On  October  IS  the  cylinder 
reached  the  required  level  and  the  con- 
crete walls  were  extended  upward  toward 
the  surface.  The  excavation  was  made 
and  foundation  placed  similar  to  tliar  in 
the  east  shaft,  and  the  work  of  cutting 
out  the  eye  of  the  tunnel  in  the  steel 
cylinder  commenced.  The  levels  and  lines 
were  transferred  through  the  deck  and 
preparations  made  to  excavate  for  the 
arch.  This  work  was  commenced  on  Oc- 
tober 19  and  six  days  thereafter  the  tooth- 
ing of  the  completed  section  and  bulkhead 
was  met,  and  on  October  30  the  continu- 
ous walls  of  the  tunnel  were  complete 
from  the  east  to  the  west  shaft.  The  work 
of  calking,  cement  washing,  and  finishing 
was  begim  immediately  after  the  bulkhead 
was  removed  the  fires  were  drawn  in  the 
larger  boiler  and  it  was  removed.  On 
N'ovemher  4  the  night  shift  was  discharg- 
ed, the  work  thereafter  being  carried  on 
by  one  gang  during  the  day.  Three  days 
thereafter  the  air  pressure  was  wilh<lrawn. 
and  the  writer  was  gratified  to  note  that 
there  were  very  few  damp  spots  through- 
out   the   entire   length   of   the   tunnel. 

The  drains  from  the  west  shaft  to  the 
east  shaft  were  laid,  above  which  the  ducts 
(six  lines  of  six  multiple  vitrified  duct) 
were  laid  in  tJie  invert  or  bottom  of  the 
tunnel,  air  pressure  of  15  to  20  pounds 
per  square  inch   being  maintained   until  all 


Were  in  pl^cc  and  coccrcd  with  concrete. 
These  six  lines  of  duct  were  divided  into 
two  sections,  being  imbedded  in  the  con- 
crete, the  joints  waterproofed,  and  sep- 
arated by  a  wall  of  concrete  1  ft.  in  thick- 
ness, one  side  to  be  ocupied  by  high  ten- 
sion, the  other  by  low-tension  cables:  the 
concrete  covering  was  overlaid  with  line 
plaster,   which    serves   as  a    floor. 

The  water  mains,  two  lines  of  "iO-in. 
cast-iron  pipe,  were  next  placed  above  the 
floor,  supported  upon  brick  piers  on  either 
side  of  the  tunnel,  tjie  rj-in.  gas  main  be- 
ing supported  in  like  manner  in  the  cen- 
ter. These  lines  of  pipe  were  extended  up 
through  that  portion  of  the  shafts  de- 
signed for  their  occupancy,  and  the  parti- 
tion walls  erected. 

The  ducts  were  wired,  a  line  of  wire  ex- 
tending from  one  shaft  to  the  other 
through  each  duct  to  serve  as  a  lead  wire 
when   placing   the  cables   later. 

The  reinforced  concrete  roofs  or  covers 
were  laid  and  the  manhole  caps  and  cov- 
ers placed  in  position,  the  grounds  around 
the  shafts  were  graded,  and  the  tools  and 


on  the  job  when  it  was  completed  had 
been  installed  at  the  start,  the  work  would 
have  been  done  quicker  and  cheaper. — Eds.  > 


Cost  of    Canal    Excavation,    Huntley 
Irrigation  Project.' 

Division  1  of  the  Main  Canal  ot  the 
Huntley  Project  contains  a  section  of 
about  390  ft.  in  length,  having  a  depth  of 
IT  ft.,  a  base  of  1-1.5  ft.  and  side  slopes  of 
V4  on  1.  In  addition  to  the  material  cov- 
ered in  this  prism,  there  were  alwut  2,000 
cu.  yds.  of  material  excavated  al>ove  the 
general  level  on  one  side  of  the  canal  ex- 
tending to  the  top  of  a  clifT  along  the 
base  of  which  the  canal  takes  its  course. 
The  work  of  excavation  of  this  section  of 
the  canal  was  done  by  contract,  and  below 
is  given  a  summary  of  the  cost  of  the  work 
to  the  contractor.  The  excavation  was  di- 
vided into  tbe  three  following  classes ; 
Class  1,  earth  or  material  that  could  be 
plowed  and  handled  with  scrapers ;  Qass 
2,  loose  rock  varying  in  volume  from  2  to 
20  cu.   ft. ;  Qass  3,  solid  rock  or  material 


Class'l. 
391  cu.  yds. 

Distribution  of  cost.     Total.  Unit. 

Executive    t  3.33  J0.009 

I^abiir    36.75  0.094 

.Supplies   

Total    J40.08         J0.103 


Class  2. 
1.507  cu.  yds. 

Total. 

Unit. 

1209.09 
972.80 

to.  139 
0.646 

J1.IS1.<!3 

10.78.^. 

Class  3. 

6.427  cu.  yds. 
Total.  Unit. 

JS!7  1-  (,.  i-j: 


17.299.46 


tl.l35 


machinery  removed.  The  Board  visited 
the  tunnel  on  December  22,  together  with 
the  water,  and  after  a  thorough  inspec- 
tion, decided  that  tbe  difficult  task  of  build- 
ing a  practically  waterproof  tunnel  and  ap- 
purtenances under  numerous  disadvantages 
had  been  acceptably  completed,  and  upon 
the  following  day  the  contractor  was  no- 
tified of  the  acceptance  of  the  work. 

The  leakage  of  the  tunnel  and  shafts  is 
at  this  time  much  less  than  in  any  tunnel 
now  completed  in  this  country  of  which 
the  writer  has  knowledge,  being  less  than 
one-half  gallon  per  minute,  with  evidence 
that  this  wilH  be  reduced  in  the  future. 
When  the  material  through  which  this 
work  was  built  is  considered,  together 
with  the  several  obstacles  encountered,  the 
contractor  is  to  be  congratulated  upon  the 
success  of  the  undertaking  and  the  fact 
that  no  person  was  injured  during  the 
work 

(We  giM  spacf  to  this  article  as  the 
author  has  described  every  step  taken  and 
all  the  methods  used  in  carrying  out  a  dif- 
ficult piece  of  construction.  The  work  is 
not  unusual,  as  subaqueous  tunnels  are  be- 
ing built  in  many  sections  of  the  country, 
hut  the  descriptions  published  have  been, 
.Ts  a  rule,  general  rather  than  specific.  In 
this  instance  the  work  seems  to  have  been 
ivell  done,  and  without  an  accident  to 
those  engaged  in  the  work.  However,  one 
comment  can  be  mailc  upon  the  job  It 
was  evidently  a  mistake  for  the  contractor 
not  to  have  supplied  the  proper  plant 
i'r.>in    till-    r.iiisi-t       If    the    outfit    that    was 


not  included  in  either  of  the  foregoing 
classes.  Most  of  the  material  consisted  of 
a  bluish  gray  sandstone  of  medium  hard- 
ness and  was  paid  for  under  Class  3. 

The  material  excavated  from  the  main 
prism  of  the  canal  was  loosened  by  blast- 
ing with  40  per  cent  gelatine  dynamite. 
.•Ml  drilling  for  blasting  was  done  by  hand 
and  the  drill  holes  were  extended  to  sub- 
grade  and  filled  with  sufficient  explosive  to 
loosen  all  rock  within  the  line  of  excava- 
tion transversely,  .-\bout  two-thirds  of  the 
material  was  removed  in  small  cars  of  ^ 
cu.  yd.  capacity.  The  finer  portions  of  the 
remainder  were  loaded  by  hand  into  one- 
horse  dump  carts  and  hauled  a  distance  of 
about  200  ft. ;  and  the  larger  pieces  were 
rolled  onto  sheet  steel  sleds,  which  were 
unloaded  by  driving  the  sleds  over  the 
side  of  a  near-by  dump,  causing  the  rock 
to  roll  off  from  the  sled.  The  material 
taken  from  the  cliff  above  tbe  canal  prism 
was  handled  in  the  same  manner  as  the 
coarser  portions  from  the  canal  prism. 

The  principal  superintendent  was  paid  at 
the  rate  of  $6.6"  per  8-hour  day;  the  assist- 
ant superintendent,  $•1.7.1;  the  foreman. 
$:?.2.1;  laborers,  from  $2  to  $2.40;  single 
horse  and  cart.  $1 :  team  and  car.  $2;  team 
and  driver.  $4.:  blacksmith.  $2.80 

In  the  accompanying  table  the  cost  of  the 
principal  and  assistant  superintendent  and 
the  foreman  has  been  charged  under  Ex- 
ecutive, the  cost  of  all  other  work  under 
Ijbor,  and  the  cost  of  coal,  oil  and  blasting 
material  under  Supplies. 
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Roads  and  Streets  Section 


Note :  This  Section  is  devoted  to  methods  and  costs  of  road  and  street  con= 
struction.  It  will  cover  road  building  in  all  its  details,  the  construction  of 
pavements,  sidewalks  and  gutters,  the  testing  and  use  of  paving  materials  and 
the  machinery  and  tools  used  in  road  building  and  paving. 


Standard    Specifications   for  Portland 

Cement  Roads  and  Portland 

Cement  Sidewalks. 

Separate  specilications  lor  cement  roads 
and  cement  walks  were  presented  to  the 
National  Association  of  Cement  Users  at 
its  annual  convention  held  Jan.  13  to  10. 
by  a  committee  composed  of  W.  W. 
Schouler,  President  Standard  Paving  Co.. 
Newark,  N.  J. ;  C.  \V.  Boynton,  Inspecting 
Engineer.  Universal  Portland  Cement 
Co..  Chicago ;  G.  F.  Lillie.  Concrete  Con- 
tractor, Lincoln,  Neb. ;  George  L.  Stanley. 
Concrete  Contractor,  Ashtabula,  O..  and 
N.  P.  Winchell.  The  two  specifications 
are  in  large  part  identical  and  we  therefore 
combine  them  here,  with  such  notations 
as  will  enable  the  reader  to  separate  the 
parts  making  up  either  tlie  walk  or  tlie 
road  specifications. 

M.\TERIALS. 

The  cement  shall  meet  the  requirements 
of  the  specifications  for  Portland  cement 
of  the  American  Society  for  Testing  Mate- 
rials, and  adopted  by  this  .\ssociation  ( Spe- 
cification No.  1").  January,  1906. 

-AGGREGATES. 

Fine  Aggregate  shall  consist  of  sand, 
crushed  stone,  or  gravel,  screenings,  graded 
from  fine  to  coarse,  passing  when  dry  a 
screen  having  %-in.  diameter  holes,  shall 
be  silicious  materials,  clean,  coarse,  free 
from  vegetable  loam  or  other  deleterious 
matter,  and  not  more  than  6  per  cent  shall 
pass  a  sieve  having  ICIO  meshes  per  linear 
inch. 

Mortars  composed  of  1  part  Portland  ce- 
ment and  3  parts  fine  aggregate  by  weight 
when  made  into  briquets  shall  show  a  ten- 
sile strength  of  at  least  70  per  cent  of  the 
strength  of  1-3  mortar  of  the  same  con- 
sistency made  with  the  same  cement  and 
standard  Ottawa  sand. 

Coarse  Aggregate  shall  consist  of  inert 
material,  graded  in  size  such  as  crushed 
stone,  or  gravel,  which  is  retained  on  a 
screen  having  %-in.  diameter  holes,  shall 
be  clean,  hard,  durable,  and  free  from  all 
deleterious  materials.  Aggregates  contain- 
ing soft,  flat  or  elongated  particles  shall  be 
excluded. 

The  maximum  size  of  the  coarse  aggre- 
gate shall  be  such  that  it  will  not  separate 
from  the  mortar  in  laying  and  will  not 
prevent  the  concrete  fully  filling  all  parts 
of  the  forms.  The  size  of  the  coarse  ag- 
gregate shall  be  such  as  to  pass  a  %-in. 
ring. 

Where  cinder  concrete  is  permissible  the 
cinders  used  as  the  coarse  aggregate  should 
be  composed  of  hard,  clean,  vitreous  clink- 


er,   free    from    sulphides,   unburncd   coal   or 
ashes. 

Water  shall  be  clean,  free  from  oil.  acid, 
strong  alkalies,  or  vegetable  matter. 

FORMS    (l). 

Forms  shall  be  of  lumber,  free  from 
warp,  and  not  less  than  1%  ins.  thick.  All 
mortar  and  dirt  shall  be  removed  from 
forms  that  have  been  previously  used. 

The  forms  shall  be  well  staked  to  the 
established  lines  and  grades,  and  their 
upper  edges  sliall  conform  with  finished 
grade  of  the  road,  which  shall  have  suffi- 
cient rise  from  the  curb  to  provide  proper 
drainage :  but  this  rise  shall  not  exceed 
one-quarter  (%)  of  an  inch  per  foot,  ex- 
cept where  such  rise  shall  parallel  the 
length  of  the  walk. 

At  each  division  cross  forms  shall  be 
put  in  the  full  width  of  the  roadway  and 
at  right  angles  to  the  side  forms. 

All  forms  shall  be  thoroughly  wetted  be- 
fore any  material  is  deposited  against 
them. 


SUB-B.\SE. 

The  sub-base  shall  be  thoroughly  rolled 
(with  a  o-ton  roller)  to  the  proper  slope — 
111  ins.  below  the  finished  grade,  and  all 
soft  spots  removed  and  replaced  by  some 
suitable  hard  material  (2). 

The  top  of  all  fills  shall  extend  at  least 
-4  ins.  (3)  beyond  the  roadway. 

While  compacting,  the  sub-base  shall  be 
thoroughly  wetted  and  shall  be  maintained 
in  that  condition  until  the  concrete  is  de- 
posited. 

BASE. 

The  concrete  for  the  base  shall  be  not 
less  than  6  ins.  thick  and  (4)  so  propor- 
tioned that  the  cement  shall  overfill  the 
voids*  in  the  fine  aggregate  by  at  least 
5  per  cent,  and  the  mortar  shall  overfill 
the  voids  in  the  coarse  aggregate  by  at 
least  !••  per  cent.  The  proportion  shall  not 
exceed  1  part  of  cement  to  8  parts  of  the 
fine  and  coarse  aggregates. 

When  the  voids  are  not  determined,  the 
concrete  shall  have  the  proportions  of  1 
part  cement,  3  parts  fine  aggregates  and 
5  parts  coarse  aggregates.  A  sack  of  ce- 
ment (94  lbs.)  shall  be  considered  to  have 
a  volume  of  1  cu.  ft. 

MIXING. 

The  ingredients  of  concrete  shall  be 
thoroughly  mixed  to  the  desired  consist- 
ency, and  the  mixing  should  continue  until 
the    cement    is    uniformly    distributed    and 


*To  determine  voids,  fill  a  vessel  with  sand 
and  let  net  weight  of  sand  equal  B.  Fill 
same  vessel  with  water  and  let  net  weight 
of  water  equal  A.  • 

Ax  2.65  —  B 

Per  cent  voids  = x  100. 

Ax  2.65 

This  formula  may  also  be  used  in  deter- 
mining voids  in  crushed  stone  and  screenings 
b,v  substituting  for  2.65  the  specific  gravity 
of  the  stone. 

The  following  is  a  more  simple  method  for 
determining  voids  in  coarse  aggregate:  Fill 
a  vessel  with  the  aggregate  and  let  net 
weight  aqual  B.  Add  water  slowly  until  it 
just  appears  on  the  surface  and  weigh.  Let 
net  weight  equal  A.  Fill  same  vessel  with 
water  and  let  net  weight  equal  C. 
A  — B 

Per  cent  voids  = x  100. 

r* 

Use  a  vessel  of  not  less  than  ^  cu.  ft.  ca- 
pacity. The  larger  the  vessel,  the  more  ac- 
curate the  results. 

(1)  In  walk  specifications  add  following 
paragraph:  A  metal  parting-strip  %  in. 
thick  shall  take  the  place  of  the  cross-forms 
at  least  once  in  every  fifty  (50)  linear  feet  of 
walk.  When  the  walk  has  become  sufficient- 
\y  hard,  this  parting-strip  shall  be  removed 
and  the  joint  filled  with  suitable  material 
prior  to  opening  the  walk  to  traffic.  Similar 
joints  shall  be  provided  where  new  walks 
abut  curbing  or  other  cement  or  stone  walk. 

(2)  Substitute  in  walk  specifications  for 
this  paragraph   the  following: 

When  a  fill  exceeding  1  ft.  in  thickness  is 
required,  it  shall  be  thorouglily  compacted 
by  flooding  and  tamping  in  layers  of  not  ex- 
ceeding 6  ins.  in  thickness,  and  shall  have  a 
slope  of  not  less  than  1  to  \%. 

(3) 
ins. 

(4) 
(5) 


Substitute    in    walk    specifications,     12 


Omit  in   walk  specifications. 

For  walk  specifications  add  to  this 
section  the  following:  (c)  Hand  Mixing. — 
The  sand  shall  be  evenly  spread  on  a  level 
water-tight  platform,  and  the  cement  spread 
rnon  the  sand.  After  thorotighly  mixing. 
dry,  to  a  uniform  color,  water  shall  be  added 
in  a  spray,  and  the  mass  turned  until  liomo- 
geneous  mortar  of  even  consistency  is  ob- 
tained. To  this  mortar  shall  be  added  the 
required  amount  of  stone  or  gravel  previous- 
l.v  drenched,  and  the  whole  shall  then  be 
mixed  until  all  the  aggregate  is  thoroughly 
coated  with  mortar. 


Where  unscreened  gravel  is  used,  the  ce- 
ment and  gravel  shall  be  thoroughly  mixed, 
dry.  until  no  streaks  of  cement  are  visible. 
Water  shall  be  added  with  a  spray  in  suffi- 
cient quantity  to  render,  when  thoroughly 
mixed,  a  concrete  equivalent  to  that  specified 
above. 

"U'ater  may  be  added  during  the  process  of 
mixing,  but  the  concrete  shall  be  turned  at 
least  once  immediately  after  its  addition. 

Separation  of  the  blocks  should  be  done 
with  a  tool  not  over  six  (6)  inches  wide  and 
Vi  in.  thick,  and  to  insure  complete  separa- 
tion the  groove  should  be  cut  through  into 
the  sub-base.  Fill  the  groove  with  dry  sand 
before  the  top  coat  is  spread,  and  the  top 
coat  should  be  cut  through  to  the  sand  after 
fioating  and  troweling  and  a  jointer  run  in 
the  groove;  then  again  draw  a  trowel 
through  the  groove,  so  as  to  insure  a  com- 
plete separation  of  the  block. 

(6)  For  walk  specifications  substitute  fol- 
lowing: The  wearing  course  shall  have  a 
thickness  of  at  least  three-quarters  (*i)  of 
an  inch. 

The  mortar  shall  be  mixed  in  the  same 
manner  as  the  mortar  for  the  base,  but  the 
proportion  of  1  cement  to  2  of  fine  aggregate, 
and  it  sliall  be  of  such  consistency  as  will 
not  require  tamping,  but  will  be  readily 
floated  with  a  straight-edge. 

The  mortar  shall  be  spread  on  the  base 
immediately  after  mixing,  and  in  no  case 
shall  more  than  50  minutes  elapse  between 
the  time  that  the  concrete  for  the  base  is 
mixed  and  the  time  that  the  wearing  course 
is  floated. 

After  being  worked  to  an  approximately 
true  surface,  the  slab  markings  shall  be 
made  directly  over  the  joints  in  the  base 
with  a  tool  which  sliall  cut  clear  through  to 
the  base  and  completely  separate  the  wear- 
ing courses  of  adjacent  slabs. 

The  blocks  shall  be  rounded  on  all  surface 
edges  to  a  radius  of  not  less  than  ^  in. 

When  partially  set,  the  surface  shall  be 
troweled  smooth. 

On  grades  exceeding  5  per  cent,  the  sur- 
face shall  be  roughened.  This  may  be  done 
b.v  the  use  of  a  grooving  tool,  toothed  roller, 
brush,  wooden  float  or  other  suitable  tool;  or 
hy  working  coarse  sand  or  screenings  into 
the  surface. 

If  color  is  desired,  only  mineral  colors  shall 
be  used,  which  shall  be  incorporated  with 
the  entire  wearing  surface. 

(7)  In  walk  specifications  substitute 
"three  days." 

(S)     Omit  from  walk  specifications. 
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thr  mass  is  uMifi>rni  in  color  and  liumo- 
gcncous,  sinci:  niaxinuini  Ji-nsiiy  ami  tliiTc- 
fore  greatest  strcnKlli  of  a  k>vi'II  niixturc 
dcpcnds  largrly  on  tlioroiiRh  and  ci>ni|>lfte 
mixinK- 

u.  Mi-asuriny  I'roforlions.  Mi-thuds  of 
mcasuri'tncnt  of  the  proportions  of  the 
various  inKri-dioiil--.  including  the  water, 
shall  he  used,  which  will  secure  separate 
uniform  measurements  at  all  limes. 

b.  Machine  Miximj.  When  the  condi- 
tions will  permit,  a  machine  mixed  of  a  type 
which  insures  the  proper  proportioniuK 
of  the  materials  throUKhout  the  mass 
should  he  used,  since  a  more  ihorouKJi  and 
uniform  consistency  can  he  thus  ohtained. 

r.  //iiiiif  .\tixiiifi.  When  it  is  necessary 
to  mix  liy  hand,  the  mixing  should  he  on 
a  water-tight  platform  and  especial  pre- 
cautions should  be  taken  to  turn  the  mate- 
rials until  they  are  homogeneous  in  ap 
pcarance  and  color. 

d.  Coiisistciiiy.  The  materials  shall  be 
mixed  wet  enough  to  produce  a  concrete 
of  such  a  consistency  as  will  flow  into  the 
forms  and  about  the  metal  reinforcement, 
and  which,  on  the  other  hand,  can  be  con- 
veyed from  the  mixer  to  the  forms  without 
separation  of  the  coarse  aggregate  from  the 
mortar. 

c    Rftcmperiny.     Rctempcring  mortar  or 
concrete,  1.  r.,  remixing  with  water  after  it 
has  partially  set,  shall  not  be  permitted. 
PI..^Cl^■^.  of  concrete   (.5). 

a.  Methods.  Concrete  after  the  addition 
of  water  to  the  mix  shall  be  handled  rap- 
idly, and  in  as  small  masses  as  is  prac- 
ticable from  the  place  of  mixing  to  the 
place  of  final  deposit,  and  under  no  circum- 
stances should  concrete  be  used  that  has 
partially  set  before  final  placing.  .X  slow 
setting  cement  should  be  used  when  a  long 
time  is  liable  to  occur  between  mixing  and 
final  placing. 

When  work  is  resumed,  concrete  previ- 
ously placed  shall  be  roughened,  thoroughly 
cleanse<l  for  foreign  material  and  laitance, 
drenched  and  slushed  with  a  mortar  con- 
sisting of  1  part  Portland  cement  and  not 
more  than  2  parts  fine  aggregate. 

The  faces  of  concrete  exposed  to  prema- 
ture drying  should  be  kept  wet  for  a  period 
of  at  least  seven  days. 

/'.  FrceziiiK  Weather.  The  concrete  for 
reinforced  structures  shall  not  be  fiiixed 
or  deposited  at  a  freezing  teiuperature  un- 
less special  precautions  are  taken  to  avoid 
the  use  of  materials  containing  frost  or 
covered  with  ice  crystals,  and  in  providing 
means  to  prevent  the  concrete  from  freez- 
ing after  being  placed  in  position  ami  until 
it  has  thoroughly  hardened. 

Workmen  shall  not  be  permitted  to  walk 
on   freshly   laid  concrete,  and   where   sand 
or   dust    collects   on   the   base    it    shall    be 
carefully  removed  before  the  wearing  sur 
face  is  applied. 

WE.\R1\.".    SIRF.VCE    (ti). 

The  wearing  course  shall  have  a  thick- 
ness of  at  least  four  (4)  inches. 

The   concrete    shall    be   mixed  in  the  same 


manner  as  the  mortar  for  the  base,  but  the 
proportion  of  1  cement  to  •'!  of  fine  aggrr- 
gate,  )i  parts  coarse  aggregate,  and  it  shall 
be  of  such  consisli-ncy  as  will  not  recpiire 
tamping,  but  will  be  readily  floated  with  a 
straight-edge. 

The  concrete  shall  be  spread  on  the  base 
inuueiliately  after  niixii\g,  and  in  no  case 
shall  more  than  ">n  minutes  elapse  between 
the  time  that  the  concrete  for  the  base  is 
mixed  and  llie  lime  that  the  wearing  course 
is  floated. 

All  surface  edges  shall  be  rounded  to  a 
radius  of  not  less  than  V4  in. 

SINGLE  COAT    WORK. 

Single  coat  work  shall  be  composed  of  1 
part  of  cement,  2  parts  of  fine  aggregate 
and  "I  parts  of  coarse  aggregate. 

The   concrete    shall    be   firmly   compacted 


Tarviated    Motor-Testing     Track 

I'he  accompany  mg  halftone  ^huws  the 
half-mile  testing  track  at  the  Kenosha, 
Wis.,  automobile  factory  of  the  Thoma* 
\\.  JeflFrey  C"o.  It  is  the  custom  at  this 
factory  to  give  all  the  Rambler  cars  a 
test  of  2fM)  miles  driving  on  the  testing 
track.  The  output  of  the  factory  is  very 
large,  so  that  l-'i  or  20  cars  are  running  at 
high  speed  over  the  track  every  hour  of 
the  day. 

(Ordinary  macadam  would  of  course  have 
suffered  under  such  a  test,  and  the  dust 
would  be  unbearable,  especially  at  the 
turns.  Various  oil  treatments  and  com- 
pounds were  experimented  with,  and  the 
Tarvia  treatment  was  finally  ad9pted.  It 
has  been  found  entirely  satisfactory.  The 
surf.ice    is    state«l    to    \k    enlirciv    without 


Automobile  Testing   Track   at    Kenosha.   Wis. 


by  tamping  and  evenly  struck  off  and 
smoothed  to  the  top  of  the  form.  Then, 
with  a  suitable  tool  the  coarser  particles 
of  the  concrete  shall  be  tamped  to  a  depth 
which   will   permit  a  mortar  finish. 

PROTECTION    .\Nn  C,R.\I)ING. 

When  completed,  the  road  shall  be  kept 
moist  and  protected  from  traffic  and  the 
elements  for  at  least  three  weeks  (">. 

(8)  Grading  after  the  roadways  arc 
ready  for  use  should  be  on  the  curb  side 
of  the  roadway,  one  and  one-half  (IV4) 
inches  lower  than  the  roadway,  and  not  less 
than  one-quarter  (V4)  inch  to  the  foot  fall 
towards  the  curb  or  gutter.  On  the  prop- 
erty side  of  the  road  the  ground  should  be 
graded  back  at  least  two  (2>  feet  and  not 
lower  than  the  road;  this  will  insure  the 
frost  throwing  the  road  alike  on  both 
sides. 


du^t,  to  be  impervious  to  water  and  so 
elastic  that  wear  on  the  tires  has  been 
greatly  reduced.  The  success  of  Tarvia 
on  the  Rambler  track  has  been  so  marked 
that  it  has  led  to  the  use  of  this  material 
on  all  the  roads  surrounding  the  factory. 


The  first  definite  plan  for  the  proposed 
$.")(i,ii(i(l.nilo  downtown  system  of  subways 
for  Chicago,  111.,  was  presenteil  to  the 
Council  l.ical  Transportation  Conunittee 
on  Jan.  'i,  in  a  report  from  John  F.ricson, 
City  Kngineer,  and  T.  T.  Johii>ton,  .Assist- 
ant Chief  F.ngineer.  The  report,  which  was 
preliminary  in  form,  suggested  that  the 
first  work  should  be  the  construction  of  a 
I -track  subway  north  ami  south  through 
Wabash  .\ve.  from  the  vicinity  of  Chicago 
.•\ve.  aiul  Orleans  St.  to  State  ami  22iul 
Sts.  .-Vccompanying  the  re|H>rt  was  a  trial 
design  for  a  subway  constructed  of  re- 
inforced concrete. 


.•\  project  is  under  consideration  by  Sir 
-•Vrthur  Lawley.  Governor  of  Madras,  ac- 
conling  to  press  dispatches,  for  connecting 
the  Island  of  Ceylon  with  the  mainland 
of  India  by  means  of  bridges  and  a  cause- 
way. .\s  proposed,  a  bridge  wotdd  be  built 
over  the  Paumben  Channel  from  the  main- 
land of  India  to  the  Island  of  Ramcs- 
waram  and  from  the  Island  of  Ceylon  a 
bridge  would  be  built  to  the  Island  ol 
Mannar.  Relween  the  southern  end  to 
the  Island  of  Rameswaram  and  the  north- 
ern end  of  the  Island  of  Mannar,  a  dis- 
tance of  ."{S  miles,  there  is  an  almost  con- 
tinuous coral  reef,  cither  covered  with 
shallow  water  or  rising  above  the  level 
of  the  sea  in  numerous  coral  islets.  It  is 
thought  that  it  would  l>c  an  easy  matter 
to  construct  a  causeway  along  the  line  of 
the  coral  reef,  and  in  fact  it  has  been 
estimated  that  'ibis  could  be  done  for 
alKJut   $8.3(H»,it(«i 


.\  cement  usei.s  .mii  mntractors'  minen- 
tion  and  manufacturers'  exhibition  is  to 
be  held  at  Oklahoma  City.  Okla.,  on  Feb. 
!».  10  .-ind  II.  D.  C.  P.ntterson.  3.V.  B.is- 
selt  RIdg..  Oklahoma  City.  Okla..  is  in 
charge  of  arrangements. 
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Unclassified  and  General  Articles 


Note:  This  section  is  devoted  to  methods  and  cost  articles  on  construction 
work  not  properly  coming  under  any  of  the  preceding  classifications. 


Comments  on    the    Manufacture  and 
Use  of  Steel  Rails. 

BY    FRANKLIN    E,    ABBOTT. 

(Concluded   from  p.   22,  Jan.  6  issue.) 

Another  difficult  part  in  the  making  of 
steel  rails  is  in  the  section.  In  the  first 
place,  it  has  to  be  very  close  to  mathe- 
matically correct.  A  finished  rail  is  a  sim- 
ple looking  thing  when  it  is  made,  but  there 
are  a  good  many  dimensions  besides  the 
length  to  take  into  account  in  getting  it 
through  the  mill  in  proper  shape. 

The  ordinary  rail  section  is  made  up  of 
seventeen  separate  and  distinct  dimensions, 
nine  of  which  are  duplicated,  making  :i 
total  of  twenty-six  to  be  kept  in  order  and 
held  in  their  respective  places  when  the 
rolling  is  under  way. 

The  section  is  continually  checked  dur- 
ing the  process  of  rolling.  This  is  done 
by  a  steel  template  made  to  exact  dimen- 
sions of  one-half  the  rail  divided  by  its  ver- 
tical axes. 

The  rail  section  is  tested  on  both  sides 
by  the  same  template,  and  therefore  each 
half  is  as  nearly  like  the  other  as  possible 
to  make  it.  In  checking  rail  sections,  the 
inspector  has  to  guard  against  either  over 
or  under  size  and  always  strives  to  main- 
tain perfect  symmetry.  In  this  detail,  dif- 
ference of  l-(i4-in.  cannot  be  ignored  and 
the  wonder  is  how  such  ponderous  and 
coarse  machinery  as  constitutes  a  rolling 
mill  can  be  so  nicely  adjusted  as  to  accom- 
plish such  fine  results.  It  is  not  easily 
done,  and  it  should  be  remembered  that 
the  turning  or  shaping  of  rolls  and  the 
manipulation  of  steel  through  them  when 
rolling  is  under  way,  is  the  most  intricate 
part  of  the  rail-making  process. 

The  history  of  the  "Tee"  rail  section 
from  its  origin  to  the  present  time,  as  we 
now  have  it,  makes  a  very  interesting  story, 
but  rather  too  long  to  include  in  this  paper. 

It  is  of  interset,  however,  to  note  how 
closely  in  shape  .the  Tee  rails,  at  the  pres- 
ent time,  are  to  those  first  made  for  use  in 
this  country. 

In  the  year  18.30,  Robert  L.  Stevens,  Pres- 
ident and  Chief  Engineer  of  the  Camden 
&  ."Kmboy  Railroad,  received  orders  to  visit 
England  to  inspect  and  report  upon  rail- 
road matters  there ;  he  was  directed  to  pur- 
chase all  iron  rails.  It  should  be  noted  that 
previous  to  this  time  rails  had  been  made 
largely  of  a  combination  of  w-ood  and  iron, 
and  the  inference  is  that  instructions  to 
purchase  all  iron  meant  that  the  rails 
should  be  made  of  one  piece  and  one  mate- 
rial, and  that  should  be  iron. 

It  was  during  this  voyage  that  Mr.  Ste- 
vens designed  the  first  rail  ever  rolled  with 
a  base.  He  whittled  several  model  sections 
out  of  wood,   which  he  obtained   from  the 


ship's  carpenter.  The  shape  finally  taken 
was  in  general  outline  similar  to  the  pres- 
ent rail,  Iiaving  a  head  about  two  inches 
wide,  a  base  three  inches  wide,  and  height 
three  and  one-half  inches.  Rails  of  this 
general  type  of  various  weights  were  made 
for  the  next  thirty  years  or  more.  After 
the  Civil  War,  when  practically  all  the 
railroads  tlien  in  existence  had  to  be  re- 
built and  new  ones  became  necessary,  the 
tee  rail  section  was  improved  in  detail, 
and  in  1874  sections  were  brought  out 
almost  identical  with  many  still  in  use. 
During  the  next  fifteen  years  rail  sections 
in  great  varieties  of  dimensions  were  pro- 
duced Nearly  every  railroad  had  its  own 
design,  and  it  is  stated  that  one  rolling 
mill,  at  a  certain  time,  during  this  period, 
in  undertaking  to  supply  its  customcs  with 
s-uch  as  were  called  for,  had  to  provide  rolls 
for   119  different  patterns. 

The  inconvenience  and  heavy  cost  to  both 
manufacturer  and  users  of  rails  in  having 
so  many  different  sections  led  up  to  an  ef- 
fort toward  adapting  a  series  of  what  could 
lie  regarded  as  standard  shapes.  This  task 
was  undertaken  some  time  in  1888  or  1889 
by  a  committee  appointed  by  the  American 
Society  of  Civil  Engineers.  The  work  was 
taken  up  cautiously  and  met  with  a  good 
deal  of  interference.  But  the  committee 
persevered,  and  in  course  of  three  or  four 
years  brought  out  what  is  now  known  as 
the  A.  S.  C.  E.  sections,  which  give  a  series 
of  shapes  varying  by  five  pounds  per  yard 
from  .50  lbs.  to  100  lbs. 

Notwithstanding  the  fact  that  some  en- 
gineers have  always  criticized  these  sec- 
tions, and  many  roads  would  never  accept 
them  for  use,  still  the  widespread  advantage 
to  be  gained  in  having  standard  shapes  led 
to  their  rapid  adoption,  and  within  ten 
years  from  the  time  they  were  introduced 
fully  70  per  cent  of  all  the  rails  rolled  for 
American  railroads  were  made  of  these 
patterns.  At  the  present  time,  the  pro- 
portion has  increased  to  over  7-5  per  cent. 

One    of^  the    leading    advantages    to    the 

manufacturer  in  the  A.  S.  C.  E.  sections  is 

in  the  distribution  of  metal  in  its  different 

members. 

Per 

Cent. 

In  the  head  there  is 42 

In    the    web 21 

In    the   base    37 

100 
There  is  but  five  points  difference  be- 
tween head  and  base,  and  these  being  so 
much  closer  than  many  of  the  sections,  the 
mills  were  formerly  required  to  make  that 
they  gave  the  A.  S.  C.  E.  sections  a  cor- 
dial welcome  and  have  always  tried  to  fur- 
ther their  use. 


.\t  the  time  these  patterns  were  designed 
and  introduced  an  80-lb,  rail  was  regarded 
as  a  heavy  section,  and  some  engineers 
even  doubted  whether  one  so  heavy  could 
be  used  economically.  The  designers,  how- 
ever, evidently  expected  railroad  track  to 
grow,  for  they  provided  for  5  lbs.  per  yard 
increase  in  weight  till  100  lbs.  was  reached, 
and  then  designed  a  110-lb.  pattern,  appar- 
ently  for  good  measure. 

The  period  during  which  the  8U-lb.  rail 
was  regarded  as  heavy  was  not  of  long 
duration,  for  the  railroad  soon  took  on  85- 
Ib.  and  90-lb.  section  and  during  the  past 
few  years  a  very  considerable  tonnage  of 
100-lb.  rails  have  been  made. 

The  90-pound  rail  was  an  increase  of 
about  12%  per  cent  and  the  lOO-pound 
about  2.5  per  cent  over  the  80-lb.  The  users 
of  rails  naturally  looked  for  a  proportionate 
gain  in  wear  for  the  additional  steel  bought. 
But  this  did  not  always  obtain  and  led  to 
the  criticism  that  they  were  not  properly 
worked :  that  they  were  rolled  too  fast  and 
finished  too  hot.  .\n  effort  was  then  made 
to  incorporate  in  standard  specifications 
■>hat  was  called  a  "shrinkage  clause."  By 
this  is  meant  that  the  rails  when  they  reach 
the  hot  saw  shall  be  at  such  reduced  tem- 
perature that  only  a  certain  number  of 
inches  and  fractions  of  an  inch  shall  be 
allowed  for  the  rail  to  contract  in  length 
from  the  temperature  at  the  sawing  down 
tu  70  degrees.  It  was  expected  that  if  the 
mills  could  comply  with  this,  the  steel 
would  come  through  the  finishing  passes  at 
a  lower  temperature,  and  the  colder  rolled 
steel  would  give  better  wear. 

It  would  be  perfectly  reasonable  to  look 
for  those  results  from  such  conditions. 
But  the  difficulty  in  incorporating  a  shrink- 
age clause  in  general  specifications  and 
making  it  operative  w-as  found  in  the  fact 
that  rails  cannot  be  brought  to  the  hot 
saws  at  the  same  temperature  in  every  mill. 
There  are  no  ;vvo  in  which  the  shrinkage 
could  be  kept  exactly  alike,  therefore,  any 
fixed  allowance  in  a  general  specification 
could  not  be  made  applicable  in  all  places. 

The  opposition  to  a  definite  shrinkage 
clause  in  specifications  is  raised  on  account 
of  the  insurmountable  difficulties  encoun- 
tered in  attempting  to  fix  a  temperature  at 
wliich  the  finishing  work  shall  be  done  in 
unbalaiiced  sections. 

As  already  stated,  the  A.  S.  C.  E.  sec- 
tion, or  any  other  tee-rail  thus  far  made, 
has  greater  percentage  of  metal  in  the 
head  than  in  the  base."  The  head  is  in  a 
mass  with  less  radiating  surface  than  the 
base.  The  base  is  not  only  smaller,  but 
thinner,  besides  having  a  greater  radiating 
surface.  It  can,  therefore,  be  readily  un- 
derstood why  there  is  considerable  differ- 
ence in  temperature  between  head  and  base, 
when  the  rail  goes  through  the  finishing 
passes.  The  object  of  a  shrinkage  clause 
was  to  improve  the  rail  head  by  finishing 
at  a  lower  temperature,  but  in  an  unbal- 
anced section  the  base  is  likely  to  get  too 
cold  to  work,  or  so  hard  as  to  cause  damage 
of  breaking  rolls,  while  the  head  may  still 
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be  hot  ciiuiigh  to  :.dmit  of  ^olllc  rciliiclioii. 
The  impossibility  of  obtaining  all  that 
might  be  desirable  from  colder  rolling  ni 
Mich  shapes  is  quite  apparent. 

Cambering  of  the  rails  is  made  necessary 
to  connteract  the  warping  that  takes  place 
in  ciMiling.  The  warping  i-.  due  mainly  to 
ihi-  shape  of  the  section  and  the  rail  is 
rarely  perfectly  straight  when  cold.  What- 
iver  warp  or  crook  that  may  be  left  in  must 
he  taken  out  by  the  cold  straightening. 
This  is  done  in  a  press  under  a  slow-motion 
plunger  by  applying  pressure  on  the  rail 
centrally  between  bearings  forty-two  inches 
apart.  The  arrangement  of  this  press  has 
lately  become  part  of  a  general  specitica- 
lion.  and  lor  that  reason  should  receive 
some  notice  in  this  connection. 

It  is  pretty  generally  conceded  by  both 
rail  makers  and  users  that  the  strain  and 
torture  that  rails  have  to  endure  in  cold 
>lraightening  are  the  most  severe  and  most 
objectionable  work  in  the  whole  manufac- 
turing and  finishing  process. 

The  impossibility  of  taking  a  bend  or 
kink  out  of  a  rail  without  straining  it  be- 
yond its  sectional  elastic  limit  makes  the 
necessity  of  setting  up  internal  stresses, 
working  at  cross  purposes  with  the  nor- 
mally cold  tension  of  the  steel,  unavoid- 
able. To  what  e.xtcnt  these  may  be  harm- 
ful to  the  rail  after  it  is  put  into  service 
cannot  be  definitely  determined,  but  it  is 
only  reasonable  to  infer  tliat  they  have 
some  effect.  The  remaining  work  in  finish- 
ing after  the  straiglucning  is  done  consists 
of  drilling,  chipping,  filing,  etc..  all  simple 
mechanical  or  hand  operations  not  likely 
to  cause  any  injury. 

The  final  action  on  the  part  of  the  rail- 
maker  with  the  intention  of  turning  over 
to  the  railroad  material  sound  and  in  good 
order,  is  to  sec  that  it  is  properly  loaded, 
so  that  in  unloading  there  will  not  be  dan- 
ger of  undoing  any  of  the  finisl'ing  work 
accomplished  with  so  much  painstaking 
efTort  at  the  mill.  .-Kt  this  point  we  pass  to 
the  third   step,  namely,  how  rails  arc  used. 

The  way  rails  arc  used,  and  what  hap- 
pens when  they  are  used,  is  so  well  known 
and  understood  by  all  men  in  any  way  as- 
sociated with  railroad  business  that  it 
would  seem  liardly  possible  to  say  anything 
new  on  this  part  of  our  subject.  But  rail 
wear,  or  more  particularly  rail  failure, 
which,  at  various  times,  has  caused  con- 
siderable general  comment,  necessarily  oc- 
curs when  they  are  in  u.se  and  are  of  suf- 
ficient importance  to  arrest  attention. 
Therefore,  the  use  of  rails,  how  they  are 
treated,  and  what  takes  place  under  SMch 
treatment,  should  be  studied  and  better 
understood. 

When  a  rail  goes  into  track  it  is  placed 
on  a  scries  of  wooden  bearings,  usially 
about  2'2-in.  centers,  and  fastened  at  the 
end  to  adjoining  rails  laid  in  the  same  way. 
The  wooden  bearings  rest  on  broken  stone 
or  gravel,  and  these  in  turn  are  carried  on 
the  natural  earth  of  the  railroad  bank  or 
cut.  as  the  case  may  be,  consisting  of  any 
grade    material    from    light     dry     sand     to 


he.i«>  t\rt  cl.iy,  .mkI  may  be  solid  ui  un- 
stable, depending  on  drainage  and  other 
local  conditions.  Thus  we  sec  that  a  rail- 
road track  is  constructed  somewhat  in  re- 
verse order  from  other  structures  built  to 
carry  loads.  That  is  to  say,  the  steel  rail, 
the  strongest  and  most  permanent  memlwr 
of  tie  construction,  is  at  the  top,  while 
the  soft  earth  or  wet  clay,  the  least  stable 
part,  is  at  the  bottom. 

The  rail  in  service  has  been  compared 
with  a  bridge  and  referred  to  as  a  contin- 
uous girder,  which  should  be  taken  into  ac- 
count the  same  as  girder  members  of  a 
bridge,  but  there  is  so  much  ilifTerence  in 
conditions  under  which  these  two  girders 
work   tl'.at  tliere  is  hardly  any  comparison 

The  bridge  girder  rests  on  fi.xed  and  per- 
manent fiiundations,  always  holding  the 
same  position  and  carrying  .  loads  in  the 
same  way.  On  the  other  hand,  a  rail  rests 
on  a  series  of  varying  foundations,  no  two 
of  whicli  are  exactly  alike  at  any  time,  and 
always  subject  to  differences  cITected  by 
changes  in  seasons  and  climates. 

The  unstable  or  yielding  track  fo:uida- 
tion  is  found  very  practicable  in  railroad 
operation,  but  the  additional  strains  thrown 
into  the  rails  in  consequence  therefrom  are 
there  nevertheless  and  should  not  be  over- 
looked. 

It  is  not  an  uncommon  occurrence  for  a 
panel  of  rails  in  first-class  track  to  carry 
i  load  upward  of  200  tons  over  its  entire 
length  in  half  a  second  of  time  or  less. 
This  enormous  weight  coming  on  to  the 
rails  in  such  a  short  interval  causes  a  shock 
almost  equal  to  a  hammer  blow. 

During  this  short  space  of  time  every 
foot  of  the  rail  throughout  its  entire  sec- 
tion is  subjected  to  alternating  tension  com- 
pression and  torsion  and  the  head  to  crush- 
ing and  abrasion.  There  is  not  a  piece  of 
steel  made  for  any  structure  whatever  that 
has  to  withstand  such  severe  treatment  as 
that  imposed  on  a  rail. 

Think  for  a  moment  what  a  rail  is  sup- 
posed to  be,  and  what  it  is  expected  to  do. 
It  must  be  hard  enougli  to  withstand  abra- 
sion, elastic  to  spring  without  bending,  duc- 
tile to  stretch  without  breaking,  and  rigid 
enough  to  carry  a  load  with  little  deflection. 

In  attempting  to  work  all  these  qualities 
in  a  single  composition,  and  afterward  sub- 
jecting the  material  to  the  extraordinary 
impacts  and  strains  that  a  rail  receives  in 
track,  it  is  little  wonder  that  some  of  them 
fail.  It  is  rather  more  surprising  tliat  the 
number   of   failures  arc   not   greater. 

The  users  contend  that  rails  fail  because 
of  defective  material  or  shortcomings  on 
part  of  the  manufacturers  in  the  process  of 
making. 

The  manufacturers  claim  that  the  users 
do  not  specify  the  grade  of  steel,  nor 
weight  of  rail  best  suited  to  their  various 
iraflic  and  climatic  comlilions:  that  main- 
tenance of  way  is  not  always  what  it  should 
be:  that  bad  order  rolling  stock  and  irregu- 
lar operations  of  moti%'e  power  are  respon- 
sible for  a  greater  part  of  rail  destruction. 

It    is    not    possible    to    determine    which 


pail)    Is  most  at   fault,  but  a  liettcr   m   !'  ' 
standing  of  failures  will  show  that  in: 
is  wholly  exempt. 

Ther  arc  nine  or  ten  cUssificatioii-  oi 
rail  failures,  but  more  than  Do  per  cent 
can  be  placed  under  less  than  half  that 
number.  The  remainder  are  of  rare  occur- 
rence  and    little  account. 

First  are  the  head  failures  which  are  re- 
sult of  piping,  or  caused  by  the  metal  .1  '  : 
ally  .shearing  off  at  the  sides,  usually  a  '"'^t 
on  tine  with  one  side  of  the  web. 

Piping,  as  already  slated,  is  a  defect  in- 
herent in  the  steel,  and  the  whole  respon- 
sibility for  this  rests  with  the  manuf-ictur- 
ing. 

Every  practicable  precaution  is  constantly 
exercised  against  such  material  going  into 
rails,  but  in  spite  of  all  that  can  be  done, 
some  with  this  defect  get  into  use. 

To  reconcile  the  fact  that  piped  rails  are 
found, 'with  the  claim  made  that  sufficient 
material  is  discarded  from  top  of  ingot  to 
insure  sound  steel,  it  will  be  necessary  to 
explain  that  piping  in  ingots  is  not  confined 
entirely  to  the  top.  but  dots  at  times  occur 
all  the  way  down  through  the  center, 
although  it  may  not  \>c  continuous.  Such 
pfping  will  not  show  at  the  ends  nor  give 
any  surface  indication  of  its  existence  when 
rails  are  finished.  It  ordinarily  develops 
under  traffic  and  then  appears  by  the  head 
flattening  or  spreading  out.  Only  a  very 
small  percentage  of  piped  rail*  give  out 
suddenly,  or  without  first  showing  this 
condition  on  the  held  surface  and  afford- 
ing time  for  removal  Iwfore  harm  is  done. 
Some  railroad  engineers  pretend  to  say 
that  they  do  not  regard  rails  showing  slight 
piping  as  particularly  dangerous,  and  often 
allow  them  to  remain  in  use  after  their 
condition  is  known.  It  is  the  opinion  of 
x'.'.c  writer,  however,  that  rails  which  show- 
piping  in  any  degree  are  wholly  unfit  for 
any  main  line  track,  and  never  should  be 
allowed  to  remain  in  that  service. 

Split  head  failures  occur  on  high  curva- 
ture track  and  on  the  inside  or  low  rail 
of  the  curves.  These  arc  apparently  due 
to  irregular  bearings  of  worn  wheels  and 
cross  strains  thrust  into  the  rail  head  by 
tread  of  false  flanges,  on  extreme  outside 
corner.  This  leverage  brings  the  maxi- 
mum stress  at  top  of  rail  head,  about  on 
line  with  side  of  web,  where  stich  breaks 
are  generally  found. 

.•\nother  type  of  failures  resulting  from 
rail  and  track  conditions,  similar  to  that 
just  mentioned,  is  in  the  metal  flowing  or 
crushing  off  the  corners  of  the  held-  The 
outside  wheel  of  a  truck  passing  around  a 
curve,  not  only  rolls  but  slips  over  the 
rail,  and  when  the  track  gauge  is  wide,  it 
slides  across  the  head,  causing  the  metal  to 
flow  or  shell  off  in  long,  ragged  strips.  This 
kind  of  giving  out  is  sharply  critici^eil 
and  often  causes  considerable  anxiety 
among  railroad  engineers,  on  .iccount  of  the 
seeming  weakness.  Such  rails  have  an  ex- 
tremely bad  appearance  and  ordinarily  show 
excessive  wear,  but  they  are  not  unsafe  to 
run   over  and  mav   be   retained   in   service 
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without  any  unusual  risk,  until  completely 
worn   out. 

By  far  the  greatest  number  of  failed 
rails  are  due  to  breakage,  that  is  to  say, 
complete  fracture  of  the  entire  section. 
These  are  not  only  most  numerous,  but 
most  dangerous  to  any  in  the  whole  classi- 
fication. 

There  are  three  distinctive  characteris- 
tics— breaks  that  may  be  described  and  in 
a  measure  accounted   for  as   follows : 

First — The  square  break  in  which  the 
fracture  is  almost  at  right  angle  with  the 
axes  of  the  rail  and  is  often  quite  as  regu- 
lar as  a  saw  cut.  The  fractured  surface 
may  be  fine,  close,  homogeneous  texture, 
but  the  shape  of  the  break  indicates  ex- 
cessive hardening  properties  in  the  metal, 
bringing  it  close  to  the  point  of  brittleness 
— hence,  easily  ruptured  by  shock  and  there- 
fore poor  quality  steel  for  rails. 

Second — The  angular,  or  shearing  break, 
which  generally  passes  through  the  section 
at  an  angle  of  4.5  degrees  or  less,  with 
longitudinal  axes.  This  shows  that  the  rail 
stood  a  deflection  and  elongated  before 
breaking,  indicating  ductility  and  a  per- 
fectly good  grade  of  steel,  but  probably  bro- 
ken by  severe  shock  or  excessive  overload- 
ing. 

Third — The  base  break.  There  are  more 
failed  rails  from  breaks  of  this  character 
than  from  any  other  cause.  It  is  found 
in  varying  degrees  on  all  railroads  and  in 
rails  from  all  mills. 

The  principal  peculiarity  of  this  break 
is  that  it  starts  at  the  center  of  the  rail 
base,  directly  under  the  web,  and  develops 
longitudinally,  extending  from  6  to  18  ins. 
and  will  then  run  out  to  the  edge  of  the 
flange,  resulting  in  a  "half  moon"  or  flange 
break,  and  in  many  cases  also  extending 
upward  through  the  rail,  causing  a  com- 
plete  fracture  of  the   entire   section. 

It  is  safe  to  say  that  in  more  than  0(* 
per  cent  of  rails  reported  by  the  railroads, 
simply  broken,  the  failures  originate,  as 
above  described,  in  the  base,  and  more  than 
99  per  cent  of  such  breaks  occur  on  ties. 

These  are  actual  conditions  as  found  by 
investigation.     How  can  they  be  explained? 

The  ordinary  tee-rail,  now  of  universal 
use  in  this  country,  lias  long  been  studied 
and  tested,  with  the  idea  dominating  that 
its  merits  should  be  considered  chiefly,  or 
almost  entirely,  as  a  girder  reaching  across 
short  spans  supported  at  the  ends  and 
loaded  at  the  center.  When  it  is  found  by 
calculation  that  the  rail  is  strong  enough, 
with  a  good  factor  of  safety  to  carry  the 
maximum  load  at  the  center  between  these 
bearings,  the  notion  seems  to  prevail  that 
all  requirements  have  been  determined.  It 
is  assured  that  no  particular  harm  can  be- 
fall the  rail  at  its  bearings,  where  the  sup- 
port  is   directly  under  the  base. 

This  seems  quite  logical,  as  the  load  is 
always  applied  at  the  top ;  the  base  is  prop- 
erly shaped  to  sustain  tensile  strain  and 
rests  on  foundations  placed  every  few  inches 
along  its  length.  The  spans  are  short,  and 
it  can  be  easilv  demonstrated  that  the  aver- 


age size  rail  has  ample  strength  to  carry 
enormous  loads  between  these  supports. 

As  a  girder  then  the  rail  seems  to  be 
theoretically  and  practically  correct  in 
shape.  But  it  has  already  been  shown  that 
the  roadbed  and  ties,  which  constitute  the 
rail  foundation,  are  unstable  and  yielding 
and  that  the  solidity  of  tie  bearings  is  at 
times  widely  variable,  making  the  bearing 
surface  of  the  whole  rail  base  quite  irregu- 
lar and  uneven.  These  conditions  are  gen- 
erally worse  when  roadbed  is  frozen. 

In  consequence,  the  base  member  of  the 
rail  section  has.  too,  sustained  excessive 
compressive  strains  at  the  higher  or  more 
solid  points  of  its  bearings. 

The  rail  base  in  compression  will,  on  ac- 
count of  its  shape,  buckle,  drawing  the 
edges  of  the  flanges  upward,  thereby  caus- 
ing a  cross  strain  with  maximum  tension 
at  the  center  directly  under  the  web,  and 
this  is  the  point  when  base  break  begins. 
Therefore,  it  appears  that  the  base  member 
of  the  tee  rail  girder  as  now  made  is 
deficient  when  subjected  to  compressive 
strain  and  for  that  reason  fails. 

This  covers,  in  a  general  outlined  descrip- 
tion, the  disagreeable  and  much  to  he 
avoided  things  that  happen  in  the  use  of 
rails. 

Failed  rails,  considered  in  the  abstract, 
make  an  uninteresting  subject  and  one  that 
nobody  cares  much  to  discuss. 

From  the  outside  or  dissociated  view- 
point, they  bode  serious  shortcomings  on 
the  part   of  some  one. 

Taken  by  themselves,  whatever  the  quan- 
tity may  be,  it  is  always  too  large,  but  with 
the  enormous  tonnage  from  which  tbcy 
originate   it   becomes  quite   insignificant. 

Steel  rails  of  American  manufacture  on 
American  railroads  are  today  in  the  aggre- 
gate, of  excellent  quality  and  giving  splen- 
did service.  The  proportional  tonnage  in 
the  whole  country  that  seems  to  be  wearing 
out  too  fast  is  not  large.  The  failed  rails 
all  told  are  relatively  small  in  quantity, 
constituting  only  a  small  fraction  of  1  per 
cent  of  the  tonnage  made. 

The  loss  in  value  of  material  to  the  steel 
companies  or  the  railroads  on  this  account 
is  comparatively  so  little  as  to  be  almost 
negligible. 

We  get  in  public  reports  full  and  com- 
jilete  accounts  of  complaints  made  against 
rails  not  giving  satisfactory  wear  and  those 
that  fail,  but  not  much  mention  of  the  mil- 
lions of  tons  in  thousands  upon  thousands 
of  miles  of  track  that  are  meeting  all  ex- 
pectations to  the  fullest  degree,  in  matters 
of  both  service  and  safety. 

But  the  effort  for  better  wearing  steel 
will  go  on,  and  pursuit  of  the  ideal  rail 
that  will  never  fail  still  continue. 

Just  at  the  present  time  we  seem  to 
have  reached  one  of  the  transition  periods 
in  the  manufacture  and  use  of  steel  rails, 
in  which  the  rails  as  made  do  not  quite  bal- 
ance with  the  railroad  traffic  as  it  exists  in 
all  places. 

A  correction  must  be  found. 

The  manufacturer  is  held  bv  certain  lim- 


itations in  character  of  raw  materials  that 
prevent  meeting  all  that  might  be  desirable 
in  changes  of  composition  of  steel  for  the 
improvements  needed. 

The  railroads  cannot  recede  in  the  matter 
of  heavy  loads  and  fast  trains,  and  must 
by  some  means  get  rails  that  will  hold  up 
to  changed  conditions  as  they  are. 

It  is  believed  that  a  remedy  can  be  ob- 
tained by  the  co-operation  of  the  manufac- 
turers and  railroads  in  bringing  out  a  re- 
vised rail  section.  This  will  embody  cer- 
tain cardinal  principles  and  be  designed 
with  a  view  to  overcoming  detail  deficien- 
cies found  in  the  present  sections,  at  the 
same  time  for  a  better  shape  to  roll. 

It  is  suggested  that,  in  comparison  with 
tlie  A.  S.  C.  E.  sections,  both  head  and 
base  should  be  re-enforced,  and  that  the 
distribution  of  metal  be  nearly  balanced, 
making  that  in  the  base  equal  or  slightly 
greater  than  in  the  head.  It  is  also  pro- 
posed that  width  of  base  shall  be  less  than 
height  of  rail,  w-hich  will  admit  of  forming 
thicker  flanges. 

The  advantages  of  a  balanced  section, 
with  comparatively  thick  base  are  : 

First — Lower  temperature  of  the  whole 
section  at  the  final  pass — hence  a  colder 
finish  of  the  rail  head,  giving  denser  and 
better  wearing  material. 

Second — Less  cambering  and  better  hot 
straightening,  reducing,  as  much  as  possible, 
the  objectionable  cold  straightening  work. 

Third — A  re-enforced  head  to  provide 
against  splits  and  other  head  failures. 

Fourth — A  re-enforced  base  to  overcome 
the  weakness  that  seems  so  prominent  in 
present  pattern  rails. 

It  is  expected  also,  that  with  this  pat- 
tern rail  the  higher  carbon  steel  from 
grades  of  ores  now  available  may  be  made 
with  safety,  and  by  longer  service  prove  a 
benefit  to  the  railroads. 

The  balanced  sections  can  be  made  easily 
and  economically,  and  will  thereby  con- 
tribute to  the  interest  of  the  manufac- 
turers. 

With  such  rails  in  track,  the  qualities  of 
durability  and  security  should  gain  con- 
fidence in  their  use,  and  redound  to  the  wel- 
fare of  that  very  important  third  party  in- 
terested in  good  rails — the  Traveling  Pub- 
lic. 


A  sailing  vessel  built  of  concrete  is  in 
service  at  Baltimore,  Md.,  according  to 
press  dispatches.  The  boat  is  a  two-masted 
schooner  yacht,  65  ft.  long,  with  an  18  ft. 
beam  and  draws  14  ft.  of  water.  The 
boat  is  said  to  be  easy  riding  and  in  a 
breeze  capable  of  outsailing  wooden  craft. 
The  boat,  which  is  owned  by  Daniel  B. 
Banks,  consulting  engineer  of  the  Balti- 
more Fire  Board,  has  been  as  far  north  as 
the  Hudson  Bay  country. 


The  total  production  of  gold  in  Austra- 
lia for  the  nine  months  ending  Sept.  30, 
1908,  was  2,665.284  fine  ounces,  as  against 
2,709,.34fi  fine  ounces  for  the  corresponding 
period  in   1907. 


January  20,   1909. 
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Methods  and  Cost  of  Constructing  T- 

Rail  Track   with  Carnegie    Steel 

Ties  Utica  &  Mohawk 

Valley  Ry.* 

UV     M      .1      fKKMH.f 

Realizing  the  advantages  of  T-rail  over 
girder  rail  construction  from  bolli  the 
niaindiiancc  and  cost  standpoint,  the  L'tica 
&  Mohawk  \'allcy  Ry.  ol>laincd  permission 
this  year  to  rephice  a  piece  of  'J-iii.  tram- 
head  nirder  double  track  on  Hleecher  street 
with  l<Mi-U).  Am.  Soc.  C.  I£.  section  Trail, 
laid  on  steel  tics  and  paved  with  vitrified 
blocks.  The  girder  rail  removed  was  laid 
in  IJUK.'  on  ti  ins.  of  crushed  limestone  and 
slag  ballast.  The  ties  were  (»x8-in.  .sawed 
chestnut  ties  8  ft.  long,  spaced  2  ft.  on  cen- 
ters with  suspended  joints.  Xo  lie  rods  or 
brace  plates  were  used.  The  track  was 
tilled  with  crushed  sl.ig.  This  track  was 
going  down  at  the  joints,  was  at  least  M- 
in.  wide  gage  and  considerably  out  of  line 
at  the  joints.  The  24-ton  interurban  cars 
operated  on  half-hour  schedule  and  10-ton 
city  cars  on  T^^  minutes,  with  an  occasion- 
al Oneida  Ry.  passenger  car  of  ■'?!•  tons  and 
express  cars  reaching  a  maximum  of  t>o 
tons  when  loaded,  were  cambering  the  rails 
and  maintenance  of  schedule  speed  would 
have  soon  made  uncomfortable  riding.  The 
T-rail  construction  was  therefore  decided 
upon  to  give  relief. 

.\s  the  total  street  distance  to  be  im- 
proved was  only  1,230  ft.,  with  a  perma- 
nent cross-over  8O1)  ft.  from  the  east  end, 
we  decided  to  place  a  portable  cross-over 
at  the  west  end  and  operate  all  cars  on 
one  track  while  rebuilding  the  other.  Flag- 
men furnished  by  the  Transportation  De- 
partment and  stationed  at  the  cross-overs 
controlled  the  movements  of  the  cars.  The 
ilead  track  was  used  to  haul  in  the  track 
and  paving  materials.  A  trench  12  ins.  deep 
was  excavated,  leaving  the  stone  and  slag 
ballast  of  the  girder  construction  undis- 
turbed. On  this  sub-grade  Carnegie  steel 
ties  -IH  ins.  high  with  l-in.  top  and  li-in. 
bottom  flanges,  7  ft.  long  and  weighing 
I'll.,")  lbs.  were  placed  4  ft.  on  centers  witli 
WKo  ties  per  joint  2  ft.  centers.  Joints 
were  staggered  and  %  x  2-in.  tie  rods  were 
placed  X  ft.  on  centers  with  one  2  ft.  from 
each  joint  to  bring  track  to  accurate  gage. 
Clark  jf)ints  were  used.  Tliey  consisted  of 
the  regular  ^W-in.  angle  plates  with  1  -i/Ui- 
in.  holes  spaced  for  clrilling  2V6  .xH  x  7  ins. 
from  rail  end  to  allow  for  tie  clip.  The 
lower  flange  of  joint  plate  was  sheared  off 
.so  as  not  to  project  beyond  rail  base  and 
the  plates  were  slotted  to  receive  steel  tic 
clips.  Joints  were  bolted  up  temporarily 
with  two  lV6-in.  bolts,  drift  pins  being  used 
to  liring  the  holes  in  plates  and  rails  ac- 
curately into  line.  The  I  ;i/liiiii.  holes 
were  reamed  to  I  l.">/t>4  in.  with  l.udlow  ad- 
justable reamers  operated  by  han<l  in  a 
Cleveland    electric    drilling    machine.       The 

•Paper  read  liefore  the  New  York  State 
Stre.-t    R.Tllway   Association    Nov.   10.   1908. 

*KnKlnerr  Mnlntpnanre  of  Way,  Utlea  nnil 
Mohawk  Vulli-y  Ry.,   ftlca.   .V     V 


iiiutur  ul  lhi>  machnie  ondil  not  bv  u^cd 
,ind  consequently  the  reaming  of  each  hole 
cost  about  <iM  cts.  in.ste.'id  of  atH>ut  1  ct. 
if  motor  driven.  Six  l^x4%-in.  M]uare 
head,  hexagonal  nut  bolts  l/(>l-in.  larger 
tlian  the  holes  were 'driven  into  the  holes. 
These  were  special  bolts  with  threads  1%- 
in.  long  to  give  full  body  of  Indt  in  hole 
of  plate.  The  track  was  surfaced  on  blocks 
cut  from  old  wooilen  ties,  being  raised  with 
jacks  slightly  above  grade  in  sections  of 
liMi  to  2tH>  ft.  and  brought  to  surface  by 
driving  down  the  blocks  with  a  heavy 
sledge.  Trenches  0  ins.  <leep  and  18  ins, 
wide  were  dug  under  steel  ties  and  tics 
were  tamped  up  with  l-'t-t!  mixture  of 
slightly  damp  concrete.  Concrete  of  same 
mixture  was  placed  \%  ins.  over  tics  at 
centers,  with  a  crown  of  %  in.,  the  sur- 
facing blocks  being  removed  as  the  work 
progressed.  A  space  about  1  in.  deep  was 
smoothed  out  under  the  rails  and  after  24 
hours  this  space  was  tilled  and  solidly 
tamped  with  a  lui.xture  of  1  pan  cement 
to  4  parts  coarse  quartz  sand  slightly  mois- 
tened to  insure  packing.  The  track  was 
lined  after  surfacing  and  carefully  touched 
up  immediately  after  concreting,  all  bar- 
holes  and  spaces  in  the  concrete  being  care- 
fully tamped.  Regular  paving  blocks  were 
laid  flat  under  the  rail  head  to.  from  a 
tram  and  were  tamped  by  hand  with  a 
mixture  of  1  part  cement  to  4  parts  sand, 
these  blocks  being  cut  to  fit  over  tie  clips 
and  at  tie  rods.  The  rest  of  the  labor  of 
paving  and  grouting  was  done  by  contract 
at  17  cts.  per  sq.  yd.  The  tram  bricks  were 
omitted  at  joints,  the  space  around  the 
holts  being  filled  with  grout  when  the  pave- 
ment was  grouted.  The  pavement  between 
rails  of  each  track  was  crowned  %  in., 
being  flush  with  tops  of  rails  at  the  center. 
The  paving  was  kept  V»  in.  below  rail  head 
along  the  back  of  rail  head  to  prevent  chip- 
ping by  worn  overhanging  treads. 

The  total  length  of  single  track  con- 
structed was  2,4fiO  ft.  and  the  cost  of  ma- 
terials per  lineal  foot  of  track  was  as  fol- 
lows ; 

Crush^Ml    stone,     tlgureil     as     all      new 

stt>ne    $0.".*8,'i 

.Ml  stone  used   was  screened   from 

exeavHted  material. 
Concrete  sand,  labor  only,  given  In  la- 
bor  Items    0.000 

Portland    eement    for  concrete  at    $1.23 

per    bl.l 0.2S7 

Steel     ties    complete,    with    clips    and 

bolts.    Jl.fii;    ea 0.443 

T-rall.    l(H)-lb.    .Am.    Soc.    C    E..    t33.S0 

per  pr.    ton.  SO  ft.   length 1.006 

Clark  Ji.  plates,  per  pair,  sheared  anJ 

slotted.    11.4.-.    en 0.0483 

Joint  bolls.  1  'hx4^  Ins..  each  9.53  cti-.  0.0191 
Tie-rods.    •■>>,x2   Ins.   x   5   ft.   2  ln»..  eneh 

UB.a    CIS 0.0351 

Trai-k    Inlets    wllh    eonneellons.    S.vra- 

rlise  tv|ii'.   IS.7.1  en 0  fl3«rt 

Therinll.  .S  lbs.   iier  Joint,  at   0.2.'. ii.oiiCT 

WeldInK    su|>plles,    cruelbleH,    thimbles, 

,,lc 0.005 

•  ■avlng    sjind.    I    cu,    yd.    to    27    ft.    of 

track,   at    $0.r.3 0.02.13 

I*avlnit    blorls.    42    per    sq.    yd.,    price 

12.^.  .'.0   |)er   .M lt<« 

Portland    cement,     for     Kroutlng     and 

IliisblnK.  mixeil   1-2  covers  20  lln.   ft.  0.0«I.". 

Total    cost   of   materlalB   per    ft.   of 

I  nick      $3.4«20 

\d<l    10   i)er  cent   for   use  of  tools  and 
power     03t« 

Total  cost  for  materials  and  power.fS.tiOR 


1  he  actual   lalx)r  cost   per   lineal   fool  of 
track  wa&  as  follows: 

Exravallon,    while    cars    were    operat- 

Ine     3<»^    cu     \,l  f,.  If- 

lIuulinK  old    '  ; 

l>elivery   of   ' 
Tra,  k     L.i  .1  .  .  „ 


....   0.U7J 
In- 
line 

..    U.1141 
rl.lr. 


D. 

I 

C..1 

••• 

ll-'H  JMK       up  "   "     3»J 

tWeldlOK   Joints.    Ineludlne  making  of 

molds     Find     .•ni.-lbb*  0  0325 

Dellv.r\      -  Vce-     ' 

meni  n  i«97 

Sf';;'  ;  -  and  °'-" 

mil    batr,'^ 
Cleanlnn    u|i 

of    piirpl'i'- 


—  0  2«o; 

illng 
I    fine 

O.UOJ 

.,;;.,  :  nic  o.OJM 

•n.iKiiitii    aii.l   xuiUMnen    01060 

Superlntendcnee.    enKlneerIng   and    In- 
spection       0  0IS7 


\\ 


Total    cost    of    labor    per    foot    of 
single    track    tl.COCO 


•Cost  per  Joint  «8  ««.;  If  holes  had  been 
reamed  by  electric  power  cost  would  have 
been  3.-i  eta. 


tCost  per  Joint  97  ct«..  including  four  com- 
bination Jolnta. 

"Two    flagmen    from    Tn.  ■ 
partnient  at  24  cts.  per  hour 
man   at    l.i  Cts.    per   hour.   2  ■ 

The  cost  of  screening  stone  used  for 
concrete  was  o."  cts.  per  ft.  of  track  but  is 
not  included  as  labor  because  stone  is  fig- 
ured in  material  cost  as  new  stone.  The 
total  cost  per  ft.  of  track,  with  ."i  ft.  center 
strip  and  2-"i  ins.  of  pavement  outside  of 
outer  rails,  is  $5.4106. 

The  cost  of  labor  on  9-in.  tram-head 
girder  construction  on  Whilesboro  street  in 
19"7.  maintaining  operation  of  cars  and 
employing  the  same  type  of  steel  lie  con- 
struction with  vitrified  block  paving  was 
$2.1!)  per  ft.  of  single  track.  This  con 
struction  was  done  under  the  same  condi- 
tions as  to  ntaintcnance  of  traflic  and  the 
same  cars  were  operated  with  the  excep- 
tion of  the  Oneida  Railway  cars.  The 
same  type  and  size  of  steel  tic  was  used 
as  on  Blcecker  street  this  year,  hut  the 
spacing  was  li  ft,  on  centers,  the  concreting 
methods  were  identical  but  all  joints  were 
thermit  welded.  The  excavation  included 
removal  of  asphalt  pavement  and  concrete 
base  outside  the  rails  of  a  single  track 
paved  with  cobbles.  The  itemi/ed  lal>or 
cost  per  lin.  ft.  of  single  track  was  as  fol- 
lows ; 

PInclm;  nn.l  r.-m..\  Im;  t.miHirary  track, 
I"  10  31 

Ex  i;    per   cubic 

>  or  per   ft. 

0.46 

Mil  old  materials,  Ineluillng 
"1'  A-»oden  lies,  scrap,  old  pav- 
Inti  iiiaterlala  and  cobbU.*,  per  ft.  of 
track    0.03 

r),.ii\,.\  I.  ..k  materials  per  ft.  of  a'n- 
K  0.04 

Ti  .     and    surfacing    per    ft.    of 

!-  0.19 

I>.  : 


Coiiii.iiiit 

ties  and   tn 

II. .M.     or     . 

track    

Placing   track   basins,    two   i 

located    every    .".Ofl    ft.    of   ^ 


....    :.l 

II   new  con- 

.iiixiure  under 
*v*.  i>er  cu.  yd. 
per      ft       «tn)?t». 


O.lt 
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price    per    basin    $8.64    or    per    ft.     of  ^^^  LETTERS    TO    THE    EDITORS. 

Thermit    welding,    including     labor      on  

moulds   and   crucibles,   per   joint   $1.24, 

per  ft.  of  track  ...........  0.04  ^j^     Reason  for    Slow    Progress    and 

Delivery   of  paving   materials,    mcluding  -""^    ix»,.*c«»»   »v^  t, 

loading   of  blocks   at  storeyard  per  ft.  High    CoSt    of    the   Panama 

single    track     .U.ll  o 

Cleaning    up    street,    including    removal  Canal   Work. 

of    unused    materials,    broken    bricks,  ■  ,       • 

and  regi-ading  of  lawns,  between  side-  Sirs  :     I  have  read  the  various  articles  in 

FlalmerinrsWft^cU'^n"'  ^■"e^fi.-oi  '■'"  yot,r  paper  in  reference  to  the  acttial  cost 

single   track •  •  0.01  ^j  jj^^  Panama  canal  work  in  proportion  to 

Engineering,    supt..    and    mspection,    not 

including  time   of   foreman,   per  ft.   of  the     estimated     cost,     the     slow     progress 

Brt"k^';aving,%eV  "f t! "  of'  -track'  ■:::::::::  til  made,  the  advisabihty  of  letting  the  work 

Timekeeping   and   watching    0.05  ^y    contract,    etc.      I    have    also    noticed    in 

Total  cost  of  labor  per  ft.  of  track,  many   different   papers,   explanations   as   to 

including   paving    $2. 19  ^.j^^^   jj^g   trouble   is,    why   better   progress 

The  total  labor  cost   was  thus  58.4   cts.  cannot    be    made,    costs    kept    lower,    and 

per  ft.  or  36  per  cent  greater  than  that  of  j^^ad  cmplojecs  kept  at  the  undertaking, 
the   Bleecker   stret   T-rail  construction.     A  ,^5  jj  has  appeared  to  me  that  the  prin- 

considerable  saving  on  materials  is  evident  cipal    trouble   with   the   existing   conditions 

as   3  ins.  less  of  excavation  and  concrete  ^^^^  ^qj  {jgen  clearly  stated  by  these  arti- 

materials  are  required  and  the  cost  of  rails  cles,     I  desire  to  state  the  conclusions  ar- 

is  $4.60  per  gross  ton  less.  rived  at  by  myself  when  visiting  the  work 

This  year  we  have  laid  on  Mohawk  street  ;„  ti,p  winter  of  1906  and  1907.     This  trip 

6,985  ft.  of  this  same  9  in.  tram-head  rail,  ^^.^s   made  just   for   fun  and  to   see   what 

Lorain  Co.  section  95,  No.  297,  with  763  ft.  ^.35  doing,  and  no  effort  was  made  to  spot 

of  special   work  track.     The  type  of  con-  a^y  troubles  or  to  get  the  whys  and  reason 

struction  was  the  same  as  that  on  White-  ^f    the    then    existing    conditions,     (which 

boro   street   except  that  Clark  joints  were  any    one    familiar   with   construction   work 

substituted    for    thermit    joints-    and     the  could  not  help  but  see  were  all  wrong  to 

joints  were  placed  opposite  as  an  experi-  g^t  fast  results  or  at  minimum  cost),  ex- 

ment.     Two  steel  ties  were  placed  at  the  ccpt    as    such    reasons     became      apparent 

joints  and  the  last  upper  joint  holes  were  without    butting    into    the    other    fellow's 

used   for  tie   rods.     As  the  rails  were  al-  job  and  duties. 

ready  drilled  with  1%-  in.  holes  for  regular  j  fQ^,,.,^^  ^^  fg^  as  I  was  able  to  see,  with 

1-2  bolt  joints  with  1-in.  button  head  bolts,  j,^^    exception    of    passenger    and    baggage 

we  used  1 5/16-in.  bohs  in  order  to  secure  ^^^^^^    ^^    j,,^    Panama    Railroad,    (which 

the  driven  fit,  ten  bolts  to  a  joint.    The  de-  ^^,^^  ^^^^  ^j  ^j^^  rankest  steals  by  employees 

tails  of  labor  cost  per  ft.  of  single  track  are  ^j^^^  ^^^^  ^^^^  ^^  ,^^y  ^^tice,  barring  only 

as  follows:  ,l^c   olden    days   of   the   first   operation   of 

Temporary   track    $0.01u5  some   of   the   transcontinental   lines     when 

f  rack^'liy'lng  ".:'.'.'.'.'.'.'.'.]'.  .'-'.'.'.'.'.'.y'''  oUlo  the  superintendents  openly  sold  jobs  to  the 

Delivery  of  track   material... 0.0700  conductors    with    full    privilege    to    plunder 

Delivery  of  concrete  material    0.13i6  _  f      ,  ,  ,        j 

Delivery  of  paving  0.0952  the  road  for  a  given  time),  an  honest  and 

Eii'Sfne*"e'r'ln6^  .^":*.  .".''.*"' '."^.  .V  '  i!  i !  i! !  oiS  very  efficient  body  of  employees  from  the 

Clark  jts.,  placing  and  reaming  9-9???  chief   engineer   down  to  and  including  the 

Weldine  0.022b  " 

Bonding   specials    0.02S9  train  and  shovel  crews,  foremen,  and  even 

D?afnl'an^d  'sewers  ■.■::::;:;:::::::::;:  OOe:  laborers,  considering  the  class   of  laborers 

Cleaning   up   street 0.0664  necessarily  used.     They  were  sober,  indus- 

HaSfini'^old^  materials' ■'.'.'.;■.■.■.'.■.:'.  ■.■.'.■  o:o025  trious,   interested   in   their   work,   generally 

City  inspector    ■  0-0204  satisfied  with  conditions  so  far  as  the  same 

Total  per  ft.  of  single  track  $1,805  affected    their    health,    comfort    and    com- 

Compared  with  the  Whitesboro  street  pcnsation,  but  with  the  feeling,  among 
construction  of  $2.19  for  labor  there  is  a  those  pos.sessed  of  capacity  and  energv-,  of 
saving  of  38.5  cts.  or  21  per  cent.  It  is  no  opportunity  to  do.  The  cause  was  not 
quite  evident  that  this  saving  is  due  to  the  t.i  any  great  extent  the  red  tape  of  order- 
fact  that  there  was  no  car  traffic  to  be  ing.  buying,  delivering  and  getting  hold  of 
maintained  and  that  the  first  track  con-  materials,  or  the  requirements  and  restric- 
structcd  could  thus  be  used  for  delivery  of  tions  of  reports,  rules,  orders,  etc..  which 
materials.  go  with  government  work.  The  cause,  as 
it  appeared  to  me.  was  that  no  one  man  or 

Plans  and  specifications  for  an  extension  body  of   men  with   ability,   and   knowledge 

system   of   irrigation    for   Porto   Rico  have  of   their    undertakings,   were    at    liberty   to 

been   prepared  by  B.   M.   Hall.   Chief  En-  plan  and  do  that  which  was  necessary  for 

gineer  of  the  Porto  Rico  Irrigation   Serv-  rapid  and   economical   construction   of   the 

ice,  and  have  been  submitted  to  the  Direct-  canal  upon  the  general  plans  adopted.    The 

or  of  the  U.   S.  Reclamation  Service.     An  result   was    that   big   men,   who   could   do, 

examining    board    composed    of    engineers  pulled   out;   others   settled   down  to   exist- 

of    the    U.    S.    Reclamation    Service  ■  will  ing    conditions    and    chafed    more   or   less 

soon   go   to    Porto   Rico   to   report   on   the  because     of     them,     while    the     easy-going 

project.      The    legislature    of    Porto    Rico  fellows,  who  could  be  pushed  in  most  any 

has   provided   a  $3,000,000    bond   issue    for  direction   by   the    forces   behind   them,   ac- 

the    work.  cepted   the   work   as   it  was,   recognized   it 
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as  a  Government  job  that  of  course  could 
not  be  run  as  it  best  be,  or  as  the  big 
fellows  had  been  used  to  and  would  like 
to  do  it. 

The  foundation  of  the  trouble  in  the 
carrying  on  of  the  construction  work  was, 
I  believe,  the  buying  by  the  United  States 
of  the  old  plunder  and  scrap  iron  desig- 
nated as  machinery  equipment,  etc.,  from 
the  French  company.  No  doubt  it  was 
advisable  and  necessary  to  buy  it,  along 
with  the  rights  secured,  but  to  get  the 
trade  through  and  Congress  to  let  go  of 
the  money,  it  had  to  be  and  was  repre- 
sented that  we  were  getting  something  of 
value  and  suitable  for  use  in  the  carry- 
ing on  of  the  construction  work,  where  as 
a  matter  of  fact,  with  the  possible  excep- 
tion of  some  of  the  dredges,  we  were  get- 
ting nothing  but  worthless  scrap,  which, 
when  new,  was  of  no  value  for  the  carry- 
ing on  of  the  work.  It  never  would  have 
been  put  in  use  by  those  in  charge  of  the 
construction  work  except  that  there  it 
was,  bought  at  great  expense  upon  the 
representation  to  the  public  that  it  was 
fit  to  use,  and  it  had  to  be  used,  notwith- 
standing the  fact  that  every  one  capable 
of  judging  knew  it  better  all  be  in  the 
dump  where  thousands  of  tons  of  it  went 
as  fast  as  allowable. 

All  this  French  equipment  was  5  ft. 
gage.  So  in  place  of  laying  die  track  to 
standard  gage  and  getting  new  equipment 
of  standard  gage,  all  new  equipment  had 
to  be  made  to  fit  so  that  the  old  plunder 
could  be  used. 

The  land  excavation  and  every  proposed 
method  of  the  French  for  handling  the 
dry  excavations  were  so  absurd  and  im- 
possible of  successful  operation  that  many 
steam  shovels  of  adequate  capacity  were 
quite  early  secured,  but  no  means  pro- 
vided for  taking  the  material  away  from 
the  shovels,  with  the  result  that  the  shov- 
els were  idle  fully  two-thirds  of  the  time. 
I  have  a  hundred  different  times  stood  in 
Culebra  cut,  where  from  six  to  fifteen 
shovels  could  be  seen  at  the  same  time, 
and  never  found  to  exceed  one-half  of 
them  at  work  at  the  same  time,  and 
usually  not  to  exceed  one-fourth  of  the 
number  in  sight  in  operation,  and  they 
were  nearly  always  idle  for  the  same  rea- 
son, no  cars  supplied.  And  this  was  in 
the  dry  sea.son  when  there  was  no  rain  to 
interfere  with  operations. 

Occasionally  a  shovel  would  get  a  string 
of  little  dump  cars,  about  as  many  as  a 
good  Irish  mule  would  handle  in  the 
States,  under  favorable  conditions,  with 
two  built-over  Belgium  engines  hitched  to 
them  that  would  keep  the  shovel  busy 
from  10  to  30  minutes,  and  occasionally  a 
train  of  American  flat  cars  with  an  Amer- 
ican engine  that  would  show  the  work  the 
shovels  could  do   if  given  an  opportunity. 

Now,  the  lack  of  train  service  and  un- 
necessary number  of  shovels  kept  in  oper- 
ation was  not  because  those  in  charge  did 
not   know  that    such   was   not   the   way  to 
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ccononiically  and  quickly  build  a  canal. 
l)Ul  ln-causc  they  could  not  gi-t  the  iiccfs- 
sary  c<|uipnn:nt  because  of  the  necessity  to 
Use  the  old  Krench  truck  lliat  had  been 
represented  to  be  such  a  bargain  when 
bought,  and  because  the  number  of  sleam 
shovels  in  U6c  had  to  be  employed  and 
kepi  in  iperation  to  satisfy  the  demands 
that  the  work  be  pushed. 

N'ow,  theie  were  the  conditions  under 
wliich  the  Government  did  and  had  to 
proceed  with  the  work.  No  contractor, 
no  private  corporation,  would  have  been 
under  such  obligations,  and  it  was  just  as 
much  a  mistake  for  the  Government  in 
the  first  place  to  have  undertaken  to  de- 
cide on  the  equipment,  etc.,  needed  for  do- 
ing the  work  as  it  was  to  undertake  to  do 
"  it.  for  even  though  the  Government  agents 
were  free  to  use  their  best  judgment,  it  is 
very  doubtful  if  their  experience  and  judg- 
ment were  surticicnt  to  enable  them  to  de- 
termine as  to  the  best  methods  and  means. 

.\  railroad  company  or  other  corporation 
or  person  undertaking  extensive  construc- 
tion work  does  not  attempt  to  determine 
for  the  contractors  the  means,  methods, 
and  appliances  by  which  he  shall  carry  on 
his  work,  or  to  buy  such  appliances  for 
his  use,  any  more  than  they  undertake  to 
employ  men  to  do  the  work  on  their  own 
account.  There  is  no  doubt  that  con- 
tractors would  have  come  to  the  front,  if 
given  the  opportunity,  who  would  have 
provided  all  equipments,  etc.,  required 
purchased  lor  much  less  money  than  the 
Government  has  by  its  methods  been  able 
to  purchase  it,  and  of  a  kind  and  used  by 
methods  and  imder  management  all  free 
to  their  own  control,  to  have  done  all  that 
the  Government  w-anted  done  at  about 
double  the  speed  it  has  or  will  be  done 
and  at  two-thirds  the  cost  or  less,  and 
this,  not  because  of  the  incompetency  of 
those  in  charge,  but  because:  1st,  those  in 
charge  never  were  and  arc  not  now  free 
to  act  on  their  own  judgment ;  2d,  because 
the  methods  and  proceedings  of  a  con- 
tractor cannot  safely  and  successfully  be 
used  by  a  Government ;  3d,  because  the 
licld  of  ingenuity  and  resourcefulness  has 
not  been  drawn  upon  in  the  Government 
pr.iceedings  as  it  would  have  been  by  un- 
dertaking the  work  under  contract. 

.\ow,  as  an  example  of  how  the  Gov- 
ernment representatives  have  been  and  are 
tie<l  up  to  public  opinion  and  the  "butting 
in"  of  those  who  know  little  or  nothing 
about  the  propositions  passed  upon,  take 
notice  of  the  design  upon  which  it  is  pro- 
po.sed  to  construct  the  Galun  Dam.  con- 
ceded by  those  in  charge  from  the  first 
to  be  a  waste  of  money  and  lime,  because 
of  unnecessary  width  and  height  and 
many  other  unnecessary  features,  looked 
upon  by  ihr.se  in  charge  at  Panama,  from 
the  Division  Engineer  up  to  the  Chief,  as 
being  a  foolish  and  unnecessary  piling  up 
of  material.  Yet  there  is  no  way  to  help 
it,  and  prospects  from  the  present  un- 
called-for   agitation    arc    to    have    millions 


mure  ul  uioiicy  and  years  more  iii  lime 
lied  up  III  unnecessary  work,  only  l>ccause 
those  in  charge  are  not  in  charge  uf  any- 
thing, and  never  were  and  never  will  be. 

These  are  the  conditions  under  which 
a  Government  must  proceed  with  its  un- 
dertaking Therefore,  make  the  Govern- 
ment's undertaking  as  light  as  possible, 
and  let  the  independent  operator  do  that 
which  can  so  much  belter,  quicker  and 
cheaper  he  done  by  him. 

But  il  has  been  urged  that  the  work  as 
a  whole  was  too  big  for  any  contractor, 
especially  so  if  he  were  to  undertake  to 
supply  his  own  machimry.  equipment,  etc 
While  this  is  not  a  fact,  and  while  means 
could  easily  have  been  devised  for  the 
Government  to  have  financed  ihe  proceed- 
ings so  far  as  was  necessary  in  the  pur 
chase  of  plant,  etc.,  yet  there  was  never 
any  necessity  of  letting  it  as  an  entire 
contract,  and  the  argument  of  the  neces- 
sary use  of  the  Panama  Railway  is  the 
weakest  of  the  arguments  offered.  There 
never  was  any  use  for  the  railway  in  the 
actual  construction  work  and  it  had  better 
never  have  been  made  use  of,  as  is  con- 
ceded by  many  of  those  in  .charge  of  the 
work. 

There  never  was  any  more  difficulty  in 
dividing  the  work  up  into  a  dozen  or 
twenty  contracts,  than  in  many  pieces  of 
railway  construction  and  other  undertak- 
ings   elsewhere,    and    there    is    no   difficulty 


between  their  Own  knowledge  and  judg- 
ment and  the  cry  of  the  press  and  other 
interferences,  to  keep  them  busy  and  give 
credit  for  their  faithful  services,  without 
undertaking  to  do  that  which  no  Govern- 
ment can  successfully  do  and  continue  in 
an  effort  to  manage  that  which  has  so  far 
failed,  both  as  to  time  and  cost,  and  will 
continue  '.o  fail  to  the  end,  not  because  of 
incompetency  or  unfaithfulness  of  the 
Government  agents,  but  because  of  their 
lack  of  opportunity,  and  because  the 
world's  ingenuity  and  resourcefulness  has 
not  been,  is  not  being,  and  will  not  be 
called  on  in  thg  undertaking. 

I  expect  to  make  another  trip  to  the 
Isthmus  in  I*"cbruary.  If  I  find  present 
conditions  so  much  different  from  those 
at  the  time  of  my  former  trip  as  to  justify, 
1  will  write  my  apology  from  there. 
Yours  very  truly, 

C.  L.  Bartlett.  C.  E. 

Cedar  Rapids,  Iowa.  Jan.  5,  1909. 


A   New  Type   of    Centrifugal    Pump. 

A  luulliiile  't.igc  ceiitrit'iigal  jiuinp  "f  a 
new  type  that  the  makers,  the  American 
Well  Works,  .Aurora,  III.,  assert  develops 
higher  efficiencies  than  any  centrifugal  be- 
fore introduced  is  shown  in  the  accompany- 
ing illustration. 

Plain  centrifugals  made  by  this  concern 
I'.ave  nn   impeller  machined  on  both   sides 


Multiple    bi.ige    v.,cntrifugal    Pump. 


in  doing  so  now  and  letting  the  work  at 
fixed   prices   per   yard  or   other  measure. 

One  need  stay  on  the  Isthmus  but  a  few- 
days  to  see  how  little  different  Ihe  condi- 
tions arc  Ihcre  from  any  other  place  where 
work  is  to  be  done.  There  is  no  more 
sound  argument  in  the  claim  of  unknown 
conditions,  uncertainty  as  lo  kinds  of  ma- 
terial, etc..  on  the  canal  work  than  in  the 
Rocky  Mountains,  or  many  other  places 
where  contractors  do  not  hesitate  to  back 
their  own  judgment,  and  have  almost 
without  exception  succeeded  at  their  un- 
dertakings. 

lias  there  not  already  been  time  and 
money  enough  wasted  in  getting  just 
started  at  the  work? 

Have  not  the  Government  employes 
enough  on  their  hands  in  determining  as 
to   what    is   lo   he   huilt    ami   compromising 


.uui  edges  lo  the  exact  sue  ul  the  \olute 
with  a  closely  adjusted  cut-off  at  the  en- 
trance of  the  discharge  pipe.  These  fea- 
tures make  it  impossible  for  water  to  |>ass 
the  outlet  and  be  icpumpcd  as  the  clear- 
ance between  the  impeller  and  llic  casing  is 
only  almnt  1-64  in.  and  this  forms  a  seal 
against  the  passage  of  water.  .Xnother  fea- 
ture of  ihesc  pumps  is  that  the  intake  and 
discharge  is  by  means  of  long  pipe  bm  U 
so  constructed  that  there  is  no  siiMm 
change  of  direction  of  the  water  when 
passing  through  the  pump,  thus  reducing 
friction  to  the  minimum. 

In  the  multiple  stage  pumps  the  stages 
arc  placed  close  together,  to  shorten  the 
shaft  The  connections  l)etwcen  the 
stages,  however,  are  large  pipe  l)ends  of 
increasing  diameter  and  radius,  so  designed 
that  a  constant  expansion  is  allowed  to  the 
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flow  without  sudden  change  of  direction, 
which  reduces  the  skin  friction  to  the  mini- 
mum. 

The  single-stage  types  of  these  pumps 
operate  against  total  heads  up  to  l"2o  ft., 
the  two-stage  up  to  250  ft.,  the  four-stage 
up  to  500  ft.,  with  corresponding  increase 
in  heads  for  additional  stages.  Efficiencies 
of  60  to  80  per  cent,  are  claimed  for  these 
pumps,  depending  upon  the  size  and  work- 
ing conditions.  A  recent  engineer's  test  of 
a  3-in.,  four-stage  centrifugal  of  this  de- 
sign, pumping  from  an  enclosed  pit  and 
therefore  not  operating  under  the  most 
favorable  conditions,  delivered  460  gallons 
of  water  per  minute  to  a  total  head  of  440 
ft.  and  maintained  an  average  efficiency  of 
65  per  cent.  This  pump  was  designed  to 
deliver  onlj-  280  gallons  per  minute. 

It    is    claimed    that    the    abilitv    of    these 


Cost   of   Setting    Water    Meters    and 
Laying  Service   Pipes. 

BV    W.    H.    SHILLINGLAW.* 

The  cost  of  setting  water  meters  during 

1908  'by    the    Water    Works    Department. 

Brandon,  Manitoba,  was  as  follows : 

Crown   meters %  in.  %  in.  1  in.  IH  in. 

No.  of  meters  set.         499  20  5            2 

Cost    of    labor $295.85  $20.55  $5.97     $2.60 

Average     cost    per 

meter    0.593  1.02  1.20       1.30 

Cost   of  materials.    145.73  10.24  1.84 
Average     cost     per 

meter    0.282  0.51  0.37 

Total  average  cost 

per   meter 0.875  1.53  1.57 

These  meters  were  all  set  in  basements 
by  day  labor  by  city  employes.  The  cost 
for  %-in.  meters  varied  from  20  cts.  to 
$2  for  labor.  A  large  number  of  these 
meters  were  installed  on  old  services  and 
entailed  considerable  alteration  in  service 
pipes    and    additional    expense.      The    cost 
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B'link   for    Reporting    Cost 

pumps  to  operate  against  higii  heads  espe- 
cially adapts  them  for  mine  pumping  and 
fire  prs<ection  service.  All  hearings  in  the 
water  end  of  shaft  are  fitted  with, auto- 
matic l-yt<2iil«:  lubricators,  and  the  pumps, 
therefore,  require  little  attention  when  in 
operation. 


As  a  result  of  the  recent  cholera  epi- 
demic at  St.  Petersburg,  Russia,  the  munic- 
ipality is  now  considermg  the  qiiestion  of 
supplying  the  city  with  water  from  Lake 
Lagoda,  one  of  the  finest  fresh-water  lakes 
in  the  world.  The  water  is  pure  and  the 
supply  inexhaustible.  The  altitude  of  the 
lake  is  sufficient  for  supply  by  gravitation, 
and  the  plan,  if  carried  out,  will  prove 
of  great  value  to  the  city.  This  lake  is 
situated  about  nine  miles  from  St.  Pe- 
tersburg and  is  the  source  of  the  river 
Neva. 


of   Setting    Water   Meters. 

of   setting   meters   on   new    services   varied 
from  20  cts.  to  50  cts.  for  labor. - 

The  cost  of  laying  water  service  pipes 
during  1908  was  as  follows : 

1/4  inch.  %  incli. 

No.    of   services 92  7 

No.    of   feet   laid 3,051  290 

Cost   of   labor $1,030.73  $  96.69 

Average   cost   per   ft 0.34  0.333 

Average  cost  per  service..         11.38  13.81 

Cost   of   supplies 857.38  121.90 

Average  cost  per  service. .           9.32  17.41 
Average  length   of  service, 

feet      33  41 

These  services  were  laid  in  10-ft. 
trenches  in  sand,  gravel,  clay,  some  dry 
and  a  considerable  number  very  wet  and 
requiring  pumping.  Refilling  was  well 
rammed.  The  cost  of  labor  includes 
making  up  service,  tapping  main,  etc.  .-Ml 
work  was  done  by  day  labor  by  city  em- 
ployes. The  cost  of  labor  varied  from  26 
to  50  cts.  per  lin.   ft.     The   %-in.   services 

•City   Engineer.   Brandon,   Manitoba. 


were  all  made  up   for  two  Vz-\n.   branches 
to  serve  two  premises. 

The  form  employed  for  reporting  costs 
is  shown  herewith ;  this  form  was  used 
for  both  services  and  meters,  the  foreman 
simply  filled  in  the  proper  words. 


Catalogs  Worth  Having. 

Engineers  and  contractors  should  have 
on  file  the  latest  catalogs  of  machines, 
tools  and  supplies  that  they  use.  In  sending 
for  catalogs  reviewed  or  advertised  in 
this  paper,  you  will  confer  a  favor  on  us 
if  you  will  write  direct  to  the  advertisers 
and  state  that  you  saw  the  catalog  men- 
tioned in  Engineering-Contracting.  H 
you  are  in  the  market  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  notify 
promptly  the  leading  manufacturers. 

No.  lii.'jO.  The  Largest  Steel  and  Iron 
Warehouse  in  the  World. — Josepli  T.  K>-er- 
=i;un    &   Son,,   Chica£:o,    IK. 

This  pamphlet  presents  excellently  the 
claim  of  its  publisher  to  be  the  department 
store  for  the  iron  and  steel  consumer.  It 
describes  the  firm's  new  and  increased  ware- 
house facilities  for  the  storage  of  merchant 
and  structural  steel  and  outlines  the  variety 
of  stock  carried,  the  shipping  facilities,  etc. 
These  descriptions  are  really  informing.  In- 
cidentally the  pamphlet  is  as  handsome  an 
e-xample  of  press  work  and  illustration  as 
one  often  sees. 

No.  1051.  Concrete  Machinery. — The  Miles 
Mfg.   Co.,   Inc.,   Jackson.   .Mich. 

This  pamphlet  describes  and  illustrates  the 
Miles  block  machine  and  gives  directions  for 
its  operation  and  for  mixing,  molding  and 
curing  blocks  of  alL  kinds.  Numerous  pat- 
terns of  face  plates  are  shown.  Besides 
block  and  brick  machines  the  firm  handles 
cement  workers'  tools,  rock  crusliers,  hoists, 
wall  plugs,  etc  .  wliich  are  also  described 
and   illustrated. 

No.  1052.  Grub  and  Stamp  Machines. — 
Milne   Mfg.   Co.,   -Muimioutli,   111. 

This  106-page  pamphlet  illustrates  and  de- 
scribes a  variety  of  machines  for  grubbing, 
stump  pulling  and  clearing  timber,  lands. 
Besides  the  straight  catalog  matter  there  is 
a  large  amount  of  useful  information  relat- 
ing to  the  use  and  operation  of  the  ma- 
chines, methods  of  clearing  land  and  moving 
buildings,   etc. 

No.  1053.  Steam  Turbines;  Centrifugal 
Pumps. — D'Olier  Engineering  Co..  New  York. 

Two  leaflets,  one  illustrating  and  describ- 
ing steam  turbines  for  direct  connected  and 
belted  service  and  the  other  giving  similar 
information  concernin.g  tlie  company's  hori- 
zontal centrifugal   immps. 

No.  1054.  The  Belt  Conveyor. — By  C.  Kem- 
hall  Baldwin,  Robins  New  Conveyor  Co.. 
Xew    York   and   Chicago. 

This  24-page  pamphlet  contains  a  reprint 
rjf  a  paper  read  before  the  American  Society 
3f  Mechanical  Engineers.  It  describes  the 
belt  conveyor  structurally  in  ail  its  details, 
gives  the  steps  in  its  de\-elopment,  discusses 
[■omputation  of  power  consumption,  conveyor 
ariangements,  and  a  \'ariety  of  other  practi- 
cal matters. 

No.  1055.  Concrete  Fence  Posts. — Electrical 
Cement  Post  Co.,   Lake  City,   Iowa. 

This  pamphlet  describes  the  construction, 
use  and  advantages  of  concrete  posts  for 
fences.  This  post  construction  has  been 
\-ery  completely  worked  out  and  will  interest 
many.  The  same  firm  also  handles  a  block 
machine  and  molds  for  making  cement  drain 
tile  and  botii  are  fully  described  and  illus- 
trated. 

No.  1056.  Kerosene  and  Gasoline  Traction 
Engines. — Kansas  Cit>'  Ha,\-  Press  Co..  Kan- 
sas  City,   Mo. 

The  gasoline  and  kerosene  traction  engine 
described  in  detail  in  this  16-page  pamphlet 
has  been  carefully  worked  out  mechanically 
and  contractors  will  be  interested  in  its  con- 
struction and  opei'atinn    as   described. 

No.  1057.  Stump  Puller. — R.  S.  Caward, 
Ciesco.   Iowa. 

This  catalog  descriljcs  and  illustrates  th<' 
Faultless  stump  puller  and  tlie  Faultless 
grubbing  machine.  The  catalog  is  unusually 
good  in  its  description  of  how  to  operate  the 
machine  to  get  the  best  results  and  for  the 
hints  which  it  gives  for  clearing  and  grub- 
bing operations.  Prices,  capacities  and  other 
catalog  data  are  given  in  detail. 
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Bids  Askrd                                                                 .  Itf 

Bridgn Itf 

EJuiMingi 'J) 

RoaJs  knd  StreeU »> 

Scwrn    to 

Water  Supply SO 

Excavation 81 

UifC«lUncou5   SI 

Material.  Machine*,  etc il 

Contracts  Let .  VI 


We  shall  welcome  any  news  notes  that 
our  readers  may  send  in.  Notes  of  con- 
tracts awarded,  bidding  prices,  etc.,  will  be 
especially  acceptable. 


Bids  Ope 

Jan. 

20. 

Jan. 

20. 

Jan. 

22. 

Jan. 

22. 

Jan. 

-5. 

Jan. 

25. 

Jan. 

25 

Jan. 

28. 

Jan. 

29. 

Jan. 

29. 

Jan. 

30. 

Jan. 

311. 

Keb. 

1. 

Fph. 

'>. 

Keb. 

1. 

Keb. 

D. 

Keb. 

ti. 

Mar. 

4. 

BIDS  ASKED 

Bridges. 

n.  See  Issue. 

Toledo.    O Jan.     6 

Chicago,    III Jan.  13 

Cincinnati.  O Jan.     6 

.Madl.scin.    Va Jan.  20 

Wiilkcrlon,    onl Jan.  20 

.\ubt>rn.    Ont Jan.  20 

Akron.  O Jan.  20 

Cedar    Rapids,   la Jan.  13 

Cincinnati,  O Jan.     6 

Cincinnati.  O Jan.  13 

Beaufort,    N.    C Jan.     6 

L>avton.  O Jan.  20 

Topcka.    Kan Jan.  20 

KInKman,   Kan Jan.  20 

Grtenvlllc.  .Miss Jan.  20 

Cincinnati.    O Jan.  20 

.NU-na,   Ark Jan.  20 

Paris,    Ark Jan.  13 


Buildings. 

Jan.    20.  SprlnKfleld.    Ma.«s Dec.  23 

Jan.    20.  Fort   Robinson.    Neb Dec.  30 

Jan.    211.   Kansas   City.    Mo Jan.  13 

Jan.    20.  Fort    Robinson,    Neb Jan.  13 

Jan.    21.  Fort    Crook.    Neb Dec.  SO 

Jan.    21.   Favtttt-ville.    N.    <• Jan.  20 

Jan.    22.  Wabash.    Ind Jan.  20 

Jan.    23.  Anderson,   S.   C Dec.  SO 

Jan.    23.  Portland.  Me Dec.  23 

Jan.    25.  Jacksonville,  O Jan.  13 

Jan.    25.  Waslilngtnn.    D.   C Jan.  20 

Jan.    26.  Toinah.    Wis Jan.  20 

Jan.    27.  Fort   Leavenworth,   Kan Jan.     6 

Jan.    27.   Pittsburg.    Pa Jan.  20 

Jan.    27.   Haltlnv.n-.    .Md Jan.  20 

Jan.    28.  Ames,  la Jan.     6 

Jan.  2H.   Vanrimvt'r  Harracks,  Wasli. .  Jan.  20 

Feb.       1.    RfRina.    Sask Jan.  20 

Feb.      1.  Claremore.  Okla Jan.     6 

Feb.       1.   ParkersburK.  W.  Va Ian.   13 

Feb.      1.  Midland.  Texas   Jan.  13 

Feb.      1.  Newcastle.    Ind Jan.  13 

Feb.      1.  Los   Angeles,   Cal Jan.  13 

Feb.       1.  fiiluml.us.   O Jan.  20 

Feb.       1.  Cl.-veland,    O Jan.  20 

Feb.      4.  San  Antonio.   Texas Dec.  80 

Feb.      4.   West    Durham    Jan.  20 

Feb.      6.  Welch.  D.  Va Jan.  20 

Feb.      S.  Columbus    Barracks,    O Jan.  20 

Feb.      9.  Fort  .Mv.-r,   Va Jan.  20 

Feb.      9.  Ath.-n.s.  O Jan.  20 

Feb.  10.  Natliimil  Soldiers'  Home,  V'a.Jan.  20 

Feb.    10.  Stanford.  Ky Jan.  20 

Feb.     II.   Dulce.    N.    Mex Jan.  13 

Feb.     11.  Clarlnda.  la Jan.   13 

F.-b.     11.   .MiidlHonvllli-.    Tenn Jan.  20 

Feb.    15.  Grand   Rapids.   Mich Jan.  IS 

Feb.     15.  Shenandoah.    la Jan.   13 

Feb.     15.   Kurt    I  uipont.   Del Jan.  20 

Feb.     15.  (irniid    Rapids.   .Mich Jan.  20 

Feb.     Ifi.   Wiishliik'ton,    D.    C Jan.  20 

Feb.    17.   R.iill.ld.    S.    D Jan.  20 

Feb.     17.  .Salisbury.  N.  C Jan.  20 

Feb.     IK.  Crt-envlll.-.  .Miss Jan.  20 

Feb.    20.   Har  Harbor,    .Me Jan.  20 

Feb.    27.  La    Salle.    Ill Jan.   13 

Mar.      I.  Omaha,  Neb Jan.     6 

Roads  and  Streets. 

Jan.    20.   .Marlon.    Ind Jan.     6 

Jan.    20.   Raldmori'.    .Md Jan.   13 

Jan.    20.  Chicago.  Ill Jan.   13 

Jan.    21.  Akron.    Ohio    Jan.   13 

Jan.    22.  Cincinnati.  O Jan.     8 

Jan.    22.   Wabash.    Ind Jan.  20 


.lull. 

-*.< 

Ian 

2t« 

.Ian. 

2« 

.Ian 

2ti 

Jan. 

30. 

K.b. 

1 

Keb 

1 

F.t. 

1 

K.b. 

1 

K.b. 

1 

Keb. 

1 

K.b. 

1 

Keb. 

1. 

Keb. 

1 

Keb. 

1. 

Keb. 

2. 

Keb. 

2. 

Keb. 

9 

K.b. 

" 

Keb. 

3 

Keb. 

3 

Keb 

3 

Keb. 

4 

Keb. 

4 

Feb. 

;. 

Keb. 

a 

K.b. 

J 

Keb. 

11 

Keb. 

1!> 

Jan. 

20. 

Jan. 

21. 

Jan. 

21. 

.Ian. 

21 

Jan. 

22 

Jan. 

25 

■Ian. 

25. 

Jati. 

25. 

Jan. 

27 

Keb. 

1 

Keb, 

X. 

Keb. 

17 

Chiltliani,    \  u.     ..  Jiilt.    2U 

.N'iiitauay,    Va.    .  Jan.  20 

Annapolis.     Md.  .Ian     13 

Anderson.   Ind.  i m     IS 

flev.lund.    O     .  I  u.     13 

Olynipln.    Wa»h  i  ■. ,     2S 

iMviiipla.    WiiNh  I  iu    20 

.M.Mirh.'a.l.    .Minn  i    i.     2u 

Cr.eiilleM.   Ind.  I  <  M    20 

WalMiHh,    liiil.    .  .  '  <  ij.   20 

X'.'Vay,   in. I i  .  ii    2.t 

K.twl.-r,    Ind .I.iii.  20 

It.-lphla.    Ind Jan.   20 

Deialur,    Ind Jan.  20 

Coluntbus,    Ind Jan.  2o 

Cniwfor»ls\  111.-,    lihl      Jan.  20 

VIneenn.-M.    In.] Jan.  20 

ValparnlHo.    Ind Jan.  2u 

P.«.|l,   In.l Ian.  20 

Cleveland.   O Jan.     6 

Blullton,  Ind Jan.  13 

Kokom...   lii.l Jan.  20 

Krankfort.    Ind Jan.  20 

Kninkforl.    In. I Jan.  20 

Lel«inon.    Ind Jan.   13 

vXnd.-rson.  Ind Jan.   13 

Clniiiiiiatl.  I) Jan.  2iJ 

Appleton,    Wis Dec  SO 

Spi  ncer.    In.l Jan.  20 

Sewers. 

Toledo.   O Jan.  13 

Guthrie,    Okla Jan.  13 

Sylvania,    O Jan.   13 

Paik.rsl.urg,   W.   Va Ian.  20 

Louisville,  Ky Jan.     6 

Purcell.  Okla Jan.     6 

Park.    Tenn Jan.  20 

YounKstown.  O Jan.  20 

Brooklvn.    .N.   Y Jan.  20 

Moorh.a.l.  .Minn Jan.  20 

College   Hill.    O Jan.  20 

East  St.  Louis,  III Jan.  20 


Water  Supply. 


Jan.    20.  Augusta.   Kan Jan. 

Jan.    21.  Fort  Hancock,  N.  J Jan. 

Jan.    22.  Kails  City.   Neb Jan. 

Jan.     22.  I)ono\an.  HI Jan. 

Jan.   23.  Daytona,    Kla Jan. 

Jan.     25.   Waukesha.   Wis Jan. 

Jan.    29.  Carlyle,   III Jan. 

Feb.      1.  Denlson,   la Jan. 

Keb.       1.  Av.minore.  Pa Jan. 

Keb.      2.  Hugo.  Okla Jan. 

Keb.       4.  .Minn.    .N.    Dak Jan. 

Feb.      5.  Key    West,    Kla Jan. 

Feb.      5.  Key   West.    Kla Jan. 

F"eb.     15.  New   rim.    Minn Jan. 

Keb.     15.   Sebree.  Ky Jan. 

Mar.     15.  Wichita.    Kan Ian. 

Miscellaneous. 

Jan.    20.  Boston,  Mass.. 

Refuse    Disposal,  Dec. 
Jan.    21.  Detroit.   Mich.. 

Wooden  Tug,  Dec. 
Jan.    21.   Boston.    Mass.. 

Cleaning    Catch    Basins,  Jan. 
Jan.    22.  Fort  Sam  Houston.  Tex.. 

Steel  Cells.  Jan. 
Feb.      5.  St.    Louis,    Mo., 

Street   Lighting,  Jan. 
Keb.      6.  Boston,   Mass.. 

Wreik  Removal.  Jan. 
Feb.      8.  Prescott.    Ariz.. 

Fence.  Jan. 
Feb.     11.  Mobile,   .Ala.. 

Pontoons,  Jan. 
Keb.     12.  Milwaukee,   Wis., 

Concrete  Caissons,  Jan. 
Feb.    13.  Hawaii. 

Dry  Dock,  Dec. 

Excavation,  Earth  and  Rock 

Jan.    20.   Rector,    Ark., 

Ditch   Work,  Jan. 
Jan.    23.  New   London,   Conn.. 

Dredging,  Dec. 
Jan.    23.  Greenville,    O.. 

Ditch  Work.  Jan. 
Jan.    25.  Shamokin,  Pa., 

Tunnel.  Jan. 
Jan.    25.  Winchester,   In.l.. 

Ditch.  Jan. 
Jan.    27.  Crookston,   Minn.. 

Ditch  Work,  Jan. 
Jan.    30.  Sterling.   III., 

Ditch  Work.  Jan. 
Jan.     30.  Velasco,  Texas, 

Dnilnage   W.irk,  Jan. 
Keb       1.  Sioux  City.   la.,         ^    „,     ,      , 

Ditch   Work.  Jan. 
^-eb.      5    Glrnr.l.  III.. 

Tile  Ditch,  Jan. 
Keb.      6.  Atkinson,  111., 

Pilches.  Jan. 

Feb.    10.  Logan,   la..  ,     ,,.     ,      , 

Dit.h    Work.  Jan. 


SO 

sa 

20 
IS 
13 
20 
IS 
20 
20 
9 


6 
SO 
20 
13 
20 

6 
13 
20 

6 
20 
20 

C 


Jan. 


.Jan.  IZ 


Materia  Is, Machines, Supplies, TooU, Etc. 

Jan.    20    Grand   Uland.   Neb. 

Chemical   Rnglne.  Jan.     < 
Jan.    20.   Winnipeg.  Man.. 

Arc   Lamps,  Jan.  IS 
Jan.    20.  Clmrleaton.  S.  C, 

Pump.  Jan.  13 
20.  Baltimore,    Md.. 

Lubricating  OIU.  Jan.  IS 
Jan.     20.   Ball!"    •'■      ^'t 

1'^  Paving  Ma- 

'■■ Jan.   13 

Jan.    20.  Baltic ..,■',  . 

Gartjage  Carts,  Jan.  IS 
Jan.   21.  Fort   Dade.   Kla.. 

Gymnasium  Apparatus,  Dec  SO 
Jan.    22.  .Mllwauk.-e,   Wis  . 

Valv.-s,  Jan.  20 
Jan.    25.  North  Vancouver.   B.  C  , 

Road  Machinery,  Dec  IS 
Jan.    25.  Dayton.   Kla., 

Plp«  Engines,  Jan.     6 
Jan.    25.  Washington,   I).  C  , 

Steel.   Wire   Rope,   Kuses, 

Etc 

Jan.    ZS.  Cincinnati.  O.. 

Pire  Hose,  Jan.  20 
Jan.    25.  Leavenworth.  Kan., 

Steel   Trusses.  Jan.  it 
Jan.    26.  Krankfort,  Ky., 

Filing  Cases.  Dec  SO 
Jan.    26.  Washington.  D.  C  . 

Ralls.    .Switches.    Kt.-..  Jan.  2') 
Jan.    27.   Pittsburg.   Pa  . 

Supplies,  Jan.  20 
Jan.    29.  Ottawa.  Ont.. 

Cement.  Jan.    ( 
Jan.    30.  Mare  Island.  Cal., 

Elevator.  Jan.  IS 
I.  Leavenworth,   Kan.. 

Pipe.    Etc.,  Jan.  IS 
1.  Jamestown.  N.  D., 

Water    Meters,  Jan.  20 

1.  Washington.   D.  C, 
Motors,  Blocks,  Etc.  .Jan.  20 

2.  Richland  Center,   Wis.. 
Pump.  Jan.    6 

2.  Kenosha.    Wis., 

Pumping  Engine,  Jan.  13 
5.  Key  West,   Kla., 

Condenser,  Kilter,  Etc.  Jan.     6 
5.  Banff.  Alberta. 

Sewer  Pipe.  Jan.  IS 
8.  Washington.  D.  C. 

Drills.   Valves.   Etc.,  Jan.   20 
Keb.    15.  Superior  Entry.  Wis.. 

Piles.  Jan.  >• 
Keb.    17.  Milwaukee.   Wis  . 

Gas    Producer   and    Gas 
Engine,    F^lectrlc    Light 

Plant      Jan.   IS 

Feb.    22.  Winnipeg.  Man.. 

Pump.   Motor.  Dec.     i 

BIDS  ASKED 


Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 


Bridges. 


Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetlcaUy  by 
states: 

Mena,  Ark.— fntll  Keb.  6.  by  County  Judge 
Wright  Prick.'lt.  for  constructing  three 
bridges  for  c»unty — <ine  over  tb.-  "wii<-hlta 
south  of  Cherry  Hill.  .>nv  over  ''  V  "  s 
Kork  west  of  Gninnl.«.  anil  .>n. 
C<»ssat.>l   east   of  Janss.-n.      An   ai  :i 

of  $9.0*10  has  Im'cii   nuide  for  the   l»M.ik*.  .>* 

Kingman,  Kan.-'I'iitll  2  p.  m.,  Keb.  2.  by 
Bert  Walt.r.  Cunty  CI.iK  f.T  .  ..n.i  ru.  ting 
280-ft.   bri.lg.-  ..ver  Chi-  - 

west    *>f  Splvey.   and   f'' 
lirldge    over    creek    In     i : 

County  will  furnish  all  iiuicilal.'.  and  pile 
driver  for  usa  of  contractor. 

Topeka.  Kan.— fntll  Feb.  1.  by  John  P. 
Rodgers,  City  Engineer,  for  constructing 
bridge  ov.T  Sol.ll.'rs"   Creek  at  Central   .Vve. 

Greenville.    Miss  by   W.    W. 

.Mlll.r.    iM.rk    C.u  for    i-on- 

stru.lliu!  1>II.-  bri.ik-  lyou. 

Akron,   O Cntll  Jan.    ii.   !■>    .M.    I>.    !'■     '' 

man.    (^lunty    Auditor,    for   rebuilding    l't;i~ 
over  .•Html  at  Im. 

Cincinnati,  O.-t'iitll  i 
ty  Comnil.isl.m.'rs.  Kri'<l 

following  ."tiunlv  w.irk:  i  n.i- i  .->i"  ■  im  ,iii"ii:. 
No.  S5I  — K.ir  concrete  bri.lge  ov.'r  .Muddy 
Cr.^ek  at    .\d<lysl.)n.   .MInnil   T.>«n»blp 

Dayton,  O.     I'ntll  Jai 
num.    ('.Minty    .Vu.lltor. 
iiK.I    «ui>erstnictiir.-    ..f 
.Miami    River  at   N.-ednii.i.     lU.a.l. 

Madison,  Va.-Intll  Jan  22.  by  H.  St.  J. 
Wilson,  .state  Illgbwav  C.mmilssloner,  Rich- 
mond, Va..  for  constructing  st.-el  bridge  over 
Robinson  lUver.  Bl«.ut  live  miles  frx^>fn  Madi- 
son. 

Auburn,  Ont.  -fnili  Jan.  25.  by  D.  Patter- 
son.   Coinmlsisoncr    Huron    County,    for  con- 
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structing      steel       superstructure       for       two 
bridges.  „  ,. 

Walkerton,  Ont. — Until  noon,  Jan.  25,  by  P. 
A.  Malcomson,  County  Auditor,  for  con- 
structing- 300  ft.  steel  bridge  near  Port  Elgin. 

Buildings. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Fort  Du  Pont,  Del. — Until  11  a.  ra.,  Feb. 
15,  bv  Constructing  Q.  M.,  U.  S.  A.,  Fort 
Du  Pont,  Delaware  City.  Del.,  tor  construc- 
tion of  quarters  for  two  N.  C.  officers,  in- 
cluding plumbing,  heating,  electric  wiring 
and  fixtures. 

Washington,  D.  C. — Until  noon,  Jan.  25,  by 
District  Commissioners,  Room  427,  District 
Bldg.,  for  constructing  an  addition  to  the 
Business  High  School  on  R  St..  between  8th 
and  9th  Sts..  N.  W. 

Washington,  D.  C— Until  2  p.  m..  Feb.  16, 
bv  Major  Cosbv.  Executive  Officer.  Room  212. 
District  Bldg..  for  coping  for  the  municipal 
building. 

Wabash,  Ind.— Until  Jan.  22,  by  J.  P. 
Noftzger.  County  Auditor,  for  repairs  to 
county  court  house. 

Stanford,  Ky.— Until  10  a.  ni..  Feb.  10,  by 
Geo.  B.  Cooper.  County  Clerk,  for  erection 
and  completion  of  new  county  court  house. 
Frank  P.  Milburn  &  Co.,  Architects,  Wash- 
ington. D.  C. 

Baltimore,  Md.— Until  11  a.  m..  .Tan.  27,  by 
Edward  D.  Preston.  Inspector  of  Buildings, 
for  additions  and  alterations  at  Pratt  St. 
stables. 

Bar  Harbor,  Me. — Until  3  p.  m.  Feb.  20, 
b-'-  James  Knox  Tavlor.  Supervising  Archi- 
tect. Washington.  D.  C.  for  the  construc- 
tion, including  plumbing,  gas  piping,  heating 
apparatus,  electric  conduits  and  wiring  of 
the  U.   S.   Post  Office  at  Bar  Harbor. 

Grand  Rapids,  Mich.— Until  Feb.  15,  by 
Thos.  D.  Perry,  for  constructing  new  high 
school  building   for  this  city. 

Greenville,  Miss. — Until  3  p.  m..  Feb.  IS.  by 
James  Knox  Taylor.  Supervising  Architect, 
Washington.  D.  C.  for  the  construction  com- 
plete of" the  U.   S.  Post  Office  at  Greenville. 

Fayetteville,  N.  C— Until  2  p.  m..  .Jan.  21, 
bv  C.  J.  Cooper.  Chairman  Building  Commit- 
tee. Southern  Life  Insurance  Co.,  for  the 
erection  and  completion  of  a  5-story  ofBce 
building.  W.  B.  Rose,  Architect,  Greens- 
boro, N.  C. 

Salisbury,  N.  C— Until  3  p.  m..  Feb.  17,  by 
James  Knox  Tavlor,  Supervising  Architect, 
Washington  D.  C,  for  the  construction,  in- 
cluding plumbing,  gas  piping,  heating  appar- 
atus, electric  conduits  and  wiring  of  the  U. 
S.  Post  Office  at  Salisbury. 

West  Durham,  N,  C— Until  Feb.  4,  by  W. 
A.  Erwln,  Chairman  of  Building  Committee, 
for  heating  and  plumbing  of  group  of  three 
buildings  at  State  Hospital  for  Insane  at 
Morganton.   N.    C. 

Athens,  O. — Until  noon.  Feb.  0.  by  E.  H. 
Rorick,  M.  D.,  Secretary  Trustees  .\thens 
State  Hospital,  for  materials  and  labor  neces- 
sarv  to  construct  the  domestic  hot  water 
supply  system  at  the  Athens  State  Hospital. 
Frank  L.  Packard,  Architect,  Columbus,  O. 

Cleveland,  O.— Until  Feb.  1,  by  Chas.  Orr. 
Director  of  Schools,  for  the  erection  of  audi- 
torium at  the  Buhrer  School. 

Columbus,  O.— Until  Feb.  1.  by  C.  J.  Palm- 
er, School  Commissioner,  for  the  erection  of 
a  i2-r(n:>m  scliool  building  at  the  corner  of 
Champion  and  Hawthorne  Sts. 

Columbus  Barracks,  O. — Until  10  a.  m.. 
Feb.  8,  by  Capt.  H.  J.  Hirsch.  Constructing 
Q.  M.,  for  furnishing  and  installing  trans- 
former, etc.,  and  making  underground  elec- 
tric service  connections  to  new  post  hospital, 
new  bakery,  disinfecting  plant,  and  new  hos- 
pital corps  sergeants'  quarters  at  this  post. 

Pittsburg,  Pa. — Until  10  a.  m.,  .Ian.  27.  by 
Edward  G.  Lang.  Director  Public  .Safety,  for 
erection  of  an  engine  liouse  and  police  sta- 
tion at  Frankstown  Ave.  and  South  Wheeler 
St.  Billquist  &  Lee.  Architects,  341  Sixth 
Ave..  Pittburg,   Pa. 

Redfield,  S,  Dak. — Until  noon,  Feb.  17,  bv 
County  Auditor,  for  erection  of  a  county  jail 
building.  C.  E.  Eastman  Co..  Architects,  404 
Observator.v  Bldg.,  Des  Moines,  la. 

Madisonville,  Tenn. — Until  noon.  Feb.  11. 
by  Countj-  Clerk  Court,  for  construction  of  a 
new  jail,   complete. 

Fort  Myer,  Va. — Until  11  a.  m..  Feb.  9,  by 
Capt.  B.  B.  Hyer.  Constructing  Q.  M..  for 
the  construction  of  a  band  stable  at  Fort 
Myer.  Official  advertisement  will  be  found 
elsewliere  in  this  issue. 

National  Soldiers'  Home,  Va. — Until  1:30 
p.  m..  Feb.  10,  John  T.  Hume,  Treasurer. 
Southern  Branch,  N.  H.  D.  V.  S.,  National 
Soldiers'    Home,    for    material    and    labor    for 


power  house  and  equipment,  tunnels  and 
equipment,  commissary  storehouse  and  ice 
plant,  shops  with  sleeping  rooms. 

Vancouver  Barracks,  Wash. — Until  11  a.  m., 
Jan.  29.  by  Constructing  Q.  M.,  for  the  con- 
struction of  a  quartermaster's  storehouse  of 
concrete  or  brick  at  Vancouver  Barracks, 
Wash. 

Welch,  W.  Va.— Until  noon,  Feb.  6.  by  R. 
B.  Bernheim,  Clerk  of  County  Court,  for 
erection  of  an  annex  to  the  county  court 
liouse.  W.  E.  &  E.  L.  Shufflebarger,  Archi- 
tects,  Bluefleld,  W.  Va. 

Tomah,  Wis.— Until  Jan.  26,  by  Rev.  J.  G. 
Glaeser,  for  tlie  erection  of  an  addition  to 
St.    Paul's  Church. 

Regina,  Sask. — Until  5  p.  m.,  Feb.  1,  by  J. 
Kelso  Hunter,  City  Clerk,  for  the  general 
construction  of  the  Regina  General  Hospital. 
M.  J.  Strum.  Architect,  84  La  Salle  St..  Chi- 
cago, 111. 

Roads  and  Streets. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Columbus,  Ind. — Until  10  a.  m.,  Feb.  1.  by 
John  M.  Davis.  County  Auditor,  for  con- 
structing 2  miles  of  macadam  road  on  Clay 
and  Columbus  Township  lines. 

Decatur,  Ind. — Until  10  a.  m.,  Feb.  1,  by 
H.  S.  Michaud,  County  Auditor,  for  con- 
structing macadam  road  in  Hartford  Town- 
ship. 

Delphi,  Ind. — Until  noon,  Feb.  1,  by  M.  G. 
Haun.  County  Auditor,  for  constructing 
three   roads. 

FovKler,  Ind.— Until  Feb.  1.  by  Lemuel 
Shipman.  County  Auditor,  for  about  three 
miles  of  street  improvement  in  town  of 
Fowler. 

Frankfort.  Ind.— Until  2  p.  m..  Feb.  4.  by 
Charles  F.  Cromwell.  County  Auditor,  for 
constructing  following  gravel  roads:  B.  D. 
Parvis  Road,  No.  109,  in  Michigan  Town- 
ship, total  length  13,024  ft.;  Joseph  A.  Ogle 
Road.  No.  77.  in  Forest  Township,  total 
length  5,290  ft.;  William  R.  Ashpaugh  Road. 
No.  116.  in  Johnson  Township,  total  length 
13,096  ft.;  James  T.  Peterson  Road.  No.  114. 
in  Kirklin  Township,  total  length  7,700  ft.; 
Ingram  T.  Dell  Road.  No.  117.  in  Kirklin 
Township,  total  length  12.313  ft.;  Homer  F. 
Cheney  Road,  No.  38,  on  line  between  Owen 
and  Warren  Townships,  total  length  5.275 
ft.;  Oro  Kirkpatrick  Road,  No.  73,  on  line 
between  Center  and  Jackson  Townships, 
total   length   7,712   ft. 

Frankfort,  Ind.— Until  2  p.  m.,  Feb.  4.  by 
Chas.  F.  Cromwell.  County  .Auditor,  for  con- 
structing following  free  gravel  roads:  In 
Center  and  Jackson  Townships,  7.712  ft.; 
Michigan  Township,  13,024  ft.;  Forest  Town- 
ship. 5.290  ft.;  .Tohnson  Township,  13,096  ft.; 
Kirklin  Township.  12,313  ft.  and  2.700  ft.; 
Owen  and  Warren   Townships,   5,275  ft. 

Kokomo,  Ind. — Until  10  a.  m..  Feb.  3,  b:\- 
A.  B.  Easterling.  County  Auditor,  for  con- 
structing seven    free  gravel   roads. 

Paoli,  Ind.— Until  2  p.  m..  Feb.  2,  by  A.  B. 
Ham.  County  .Auditor,  for  the  construction 
of  10,737  ft.  of  road  in  North  East  Township. 

Spencer,  Ind. — Until  noon,  Feb.  IS,  by  Geo. 
W.  Edwards,  County  Auditor,  for  construct- 
ing gravel  road  on  line  between  Clay  and 
Owens   Counties. 

Valparaiso,  Ind. — LTntil  noon.  Feb.  2,  by 
Stephen  P.  Corboy,  County  Auditor,  for  con- 
structing following  gravel  or  stone  roads; 
In  Jackson  Township,  7,642  ft.;  Center  Town- 
ship. 13.060  ft.;  Center  and  Porter  Town- 
ships.  1.124   ft.   long. 

Vevay,  Ind. — Until  1  p.  m.,  Feb.  1.  by  Scott 
Culbertson,  County  Auditor,  for  constructing 
a  gravel  road  15,825  ft.  long,  in  York  Town- 
ship. 

VIncennes,   Ind.— Until   2   p.    m..    Feb.    2,    by 
John     T.     Scott,     County    Auditor,     for     con- 
structing   2.000    ft.    of    gravel    road    in    Vigo 
Township,    and    1.S75    ft.    of    gravel    road    in  ■ 
A'incennes  Township. 

Wabash,  Ind.— Until  Jan.  22.  by  J.  P 
Noftzger,  County  .\uditor.  for  constructing 
four  gravel   roads. 

Wabash,  Ind. — Until  2  p.  m..  Feb.  1,  by 
Tlios.  Nugent.  County  -Auditor,  for  construct- 
ing gravel  road  in   Washington  Township. 

Crawfordsville,  Ind. — Until  10  a.  m..  Feb.  2. 
by  B.  B.  Engle.  County  Auditor,  for  im- 
provement of  public  roads  in  Brown  and 
Union   Townships. 

Greenfield,  Ind.— Until  2  p.  m.,  Feb.  1.  by 
Charles  H.  Troy,  County  Auditor,  for  im- 
provement of  public  roads  in  Buck  Creek, 
Center  and  Vernon   Townships. 

Moorhead,  Minn. — Until  8  p.  m..  Feb.  1.  by 
11.  E.  Roberts.  City  Clerk,  for  constructing 
lirick   ur   creosoted    wood  block    pavement   on 


concrete  base.  Official  advertisement  will  be 
found  elsewhere  in  this  issue. 

Cincinnati,     O Until     noon.     Feb.     5,     by 

County  Commissioners,  Fred  Dreihs,  Clerk, 
for  the  following  county  work:  Under  Speci- 
fications No.  846,  tor  improvement  of  Kilby 
Road,  from  Valley  Junction  to  Cilley's  Cor- 
ner,   Whitewater   Township. 

Chatham,  Va.— Until  Jan.  25,  by  S.  S. 
Hurt,  Clerk  County  Supervisors,  for  con- 
structing four  to  six  miles  of  macadam 
roads.  Plans,  etc.,  with  J.  O.  Magruder, 
City  Engineer,  Danville,  Va..  or  State  High- 
way Commissioner,   Richmond,  Va. 

Nottoway,  Va. — Until  Jan.  26,  by  County 
Supervisors,  County  Court  House,  for  con- 
structing six  miles  of  macadamized  road. 
Plans,  etc..  with  P.  St.  J.  Wilson,  State 
Highway  Commissioner,  Richmond,  Va. 

Olympia,  Wash, — Until  5  p.  m.,  Feb.  1,  by 
J.  R.  Dever,  Cit>'  Clerk,  for  constructing 
about  17,000  sq.  yds.  of  vitrified  brick  or 
creosoted  wood  block  pavement.  11,500  sq. 
yds.  of  concrete  sidewalks  and  13,000  lin.  ft. 
of  concrete  curb.  Official  advertisement  will 
be  foimd  elsewhere  in   this  issue. 

Sewers. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

East  St.  Louis,  III. — Until  noon,  Feb.  17, 
by  Board  Local  Improvements,  W.  J.  Crock- 
en,  City  Engineer,  for  the  construction  of  a 
system  of  concrete  and  pipe  sewers  and  a 
sewage  pumping  station  as  follows:  One 
pinnping  station  building  and  appurtenances: 
five  drainage  and  two  sewage  pumping  en- 
gines, to  be  vertical,  single  acting  gas  en- 
gines, direct  connected  to  horizontal  shaft 
centrifugal  pimips;  33.500  lin.  ft.  of  sewers, 
varying  in  diameter  from  3  to  10^  ft. 

Moorhead,  Minn. — Until  8  p.  m.,  Feb.  1,  by 
H.  E.  Roberts,  City  Clerk,  for  constructing 
two  lateral  sewers. 

Brooklyn,  N,  Y.— Until  Jan.  27,  by  Bird  S. 
Coler,  Borough  President,  for  constructing 
sewer  in  46th  St.,  the  work  including  1,500 
ft.  of  36-in.  brick  sewer. 

College  Hill  (P.  O.,  Cincinnati),  O. — Until 
noon,  Feb.  S,  by  Village  Clerk,  for  construct- 
ing two  6-in.  to  12-in.  sanitary  sewers.  J.  A. 
Stewart,  Village  Engineer,  1112  Traction 
Bldg.,    Cincinnati,    O. 

Voungstown,  O. — LTntil  noon,  Jan.  25.  by 
Board  Public  Service.  W.  H.  McMillin,  Clerk, 
for  constructing  sewer  in  Wellendorf  Ave,, 
and  in  Wick  .Ave.  Bond  for  $200  required 
witii  bid. 

Park  (Sta.,  Knoxville),  Tenn. — Until  Jan. 
25  (postponement  from  Jan.  11),  by  .A.  Green- 
wood. 50S  Gay  St.,  Knoxville.  for  construct- 
ing $25,000  sewer  s^'stem  for  Park. 

Parkersburg,  W.  Va. — Until  8  p.  m.,  Jan. 
21,  by  Frank  Good,  City  Auditor,  for  con- 
structing sanitary  sewer  on  portions  of  sev- 
eral streets. 


Water  Supply. 


Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Donovan,  III.— Until  10  a.  m.,  ,Ian.  22,  by 
Frank  K.  Duzenberry,  President  Board  Local 
Improvements,  for  6,565  ft.  of  water  main 
extension. 

Wichita,  Kan,— I'ntil  7:30  p.  m..  JIar.  15. 
bv  R.  N.  Dorr.  City  Clerk,  for  material  and 
constructing  water  works  system  for  the 
city.  Estimated  cost  is  $860,000.  Hiram 
Phillips.  Engineer,  St.  Louis,  Mo.  Official 
advertisement  will  be  found  elsewhere  in 
this   issue. 

Sebree,  Ky.— Until  noon,  Feb.  15,  by  G.  W. 
Cavanah.  Town  Clerk,  for  constructing 
water  works,  to  consist  of  60,000  gallon  steel 
tank,  distribution  line  system,  two  pumps, 
boiler,  etc. 

New  Ulm,  Minn. — Until  5  p.  m.,  Feb.  15,  by 
lOrnst  Wicli.'liski.  City  Clerk,  for  construct- 
ing a  covered  reinforced  concrete  reservoir 
of  1.000.000  .gallons  capacity.  H.  F.  Blom- 
quist.  City  Engineer. 

Falls  City,  Neb.— LTntil  noon.  Jan.  22.  by 
William  Srhmelzi.  City  Clerk,  for  installing 
water  works. 

Mi  not.  N.  Dak.— Until  Feb.  4,  by  City  Au- 
ditor, for  (-(instructing  water  works,  to  in- 
clude 11  miles  of  6-in.  to  16-in.  mains,  steel 
tower  and  tank  and  brick  and  concrete 
pmnping  station. 

Hugo,  Okla.— Until  8  p.  m.,  Feb.  2,  by  W. 
T.  Ecliols.  City  Clerk,  for  materials  and 
labor  for  constructing  water  works  to  in- 
clude: One  brick  power  house,  one  3-mil- 
lion  gallon  concrete  reservoir,  two  150-hp. 
tulnilar   boilers,    two   2-million   gallons  pumps 
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fiioh,  Iwu  800-cu  ft  .  air  •  oinpit'TtiuM-H  «tt*h. 
I  i»'.  fl  U-lii.  cam  Iron  Jill"-.  l.T'ju  ft  i;-ln. 
•  .1-1  iron  pipe.  1.610  ft.  li'-lti  ciim  Inm  pipf, 
:.  Ill  ft  8-ln  nmt  Iron  pipr.  j.'i.lS.'.  ft.  6-ln. 
i.i-i  ir»ni  pliM'.  M.365  ft.  -l-ln.  cant  Iron  pipe. 
K".'.  Ilrt*  hydniiiiM.  two  M-ln  valM-H,  one  12- 
In  vulvr.  itnv  10-in.  vulv**.  s«-\fn  s-ln.  valves, 
fiirty-tlvi-  6-ln  vhIv.-h.  imnl.v-two  4-ln. 
Milveii.  700  watiT  ni<-lerM.  initlirliil  for  TOO 
!  "UMi-  I'onnt'i-tltiiiH  HInini  rhlllli>ti.  Kngl- 
11.  .  I  SI  IxiuU  oflli'lal  aclviTtlHfnifnt  ol»e- 
\vl..ri-    in    IhlH    Ihhuc. 

Avonmore.  Pm. — I'ntll  7  p.  m.,  Feb.  1.  by 
l;..li<rt  II  WII.Hiin.  KnRlm-i'r.  SultHburfC.  Pa.. 
'••r  iiuitiTlaLs  itnd  lalior  for  bulliiing  com- 
■1.  ii-  wati-r  pliiiit  fur  thlH  tHirouK'i. 

Waukesha,  Wis.  fntll  2  p.  m..  Jan.  25,  by 
Trusttei'S  L'oiinly  Asylum.  \V.  P.  Dunlap.  Sec- 
i.iary.  for  ilrlllinK  di-<.p  well  and  furnishing 
l-uiiip  for  Kiini-. 

Miscellaneous. 

Bld.s  are  asked  on  followlnR  work,  the 
nfiit-a      betnR      arrangod      alphabetically      by 

stales 

Mobile,  Ala. -Pontoons. — I'ntll  II  a.  m  , 
Keli.  11.  by  .MaJ.  H.  .lervey.  U.  S.  Kngrs.. 
fur  eunstrui-iinK  01   wooden  pontoons. 

Boston,  Mass. —Cleaning  Catch  Basln.s. — 
I'ntll  noOD.  Jan.  21,  by  Guy  C.  Emerson, 
Superintendent  of  Streets,  for  cleaning  about 
7. 00m  ealch   l^sins. 

Boston,        Mass Wreck        Removal. — I'ntll 

I11K1I1.  Fell  i;.  by  Lt.-Col.  Kilw.  Burr.  U.  S. 
Kngrs..  for  removal  of  wrecks  of  steamers 
"(jermanla"  and  "Relnd*'er";  eanal  boats 
■•<^eo.  D.  Cull,"  "John  K.  .Myers."  "North 
Star."  "E.  D.  Case."  "Richmond."  "Wil- 
liam Parker."  "F.  J.  Bailey."  "Governor 
Roose\'elt."  "Georgia  T."  and  "Armenia  Al- 
lure." and  hulks  nf  eight  other  canal 
Imats.  names  unknown,  in  the  narrows  of 
I.«ike   Champlaln.   New   York  and   Vermont. 

Milwaukee,  Wis. — Concrete  Caissons,  Etc. 
—  I'ntll  2  p.  ni  .  Feb.  12.  hy  .Maj.  W.  V.  Jud- 
sun.  I'.  S.  Engrs..  for  building  reinforced 
concrete  caissons  and  pile  i)ler.  removing 
old  pier  and  dredging  at  .Milwaukee  Har- 
I...1     Wis 

Excavation,  Earth  and  Rock. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
stales: 

Atkinson.  III.  Ditches.  Levee.—fntll  2 
)i.  m..  Feb  u.  by  Commissioners  of  Union 
l>ralnage  L>istriel  No.  1,  for  the  construc- 
tion of  41.300  ft.  of  open  ditihes.  requiring 
16.1.300  cu.  yds.  of  excavation  and  .3.400  ft.  of 
levees  with  an  estimated  fill  of  2.S0O  cu.  yds. 
M     E.    Reeves,    Engineer,   Atkinson. 

Girard,  III,— Tile  Ditch.— I'ntil  U  a.  m.. 
Feb.  ',,  J.  F.  .Stutsman.  Clerk.  Drainage  Com- 
missioners, for  material  and  labor  for  con- 
structing tile  drainage  diteh  requiring  43,500 
ft.  of  7-in.  to  27-ln.  tile. 

Winchester,  Ind.  Ditch.— I'ntll  10:30  a.  m., 
Ian.  2.'i.  Iiy  .\rtluir  B.  Purder.  Commissioner 
ill  office  uf  County  .Surveyor  for  construct- 
ing a  drainage  ditch. 

Greenville,  O.— Ditch  Work.— Until  10  a.  m.. 
Jan.  23.  by  James  R.  .Marker.  County  Engi- 
neer, for  constructing  two  small  ditches,  es- 
timated  to  cost   {696  and  txio. 

Velasco,  Tex.  — Drainage  Work— Until  Jan. 
3ii,  by  Drainage  Commissioners.  Velasco 
Drainage  Distriil  of  Bniznria  Cmintv.  Texas, 
at  offlee  of  E.  P.  Hoelle.  Vi-l.isco.  for  con- 
struction of  drainage  ditches,  levees,  revet- 
ment work,  etc..  according  to  plans  and 
sperllicatlons  on  flic  in  ortin-  of  i.-ommlsslon 
at  Velasco.  The  ditching  will  cnnsist  of  ap- 
proximately 63.1100  cu.  yds.:  levci.  will  con- 
lain  14S.900  cu.  .vds. ;  revetment  work  will 
■  iinslHl  of  placing  160  piling  and  540  cords  of 
lirusli   iiialtr.-s..* 

Materials, Machines, Supplies, Tool, Etc. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alpliubetlcallv  by 
slates: 

Washington.    D.    C Drills.    Valves,    Etc.— 

I'ntil  10:ln  a  m..  Feb.  S.  bv  Capf.  F  C. 
Boggs.  Genenil  Purchasing  Ofllc.r.  Isthmian 
Canal  Commission,  f'lr  furnlshlrg.  under  cir- 
cular 490.  wire  screening,  condenser  lubes, 
cylinder  cocks,  coupler  iiockcls.  manganese 
steel,  anchor  winches,  anchors,  chain,  chain 
swivels,  anchor  shackle*,  swltchbivi'tl  and 
I'lectrlcal  altachinents.  wire.  cIosi.|  '  sent 
rings,  hose  strainers  and  nuzzles,  cross 
valves,  rubber  valves,  adhesive  lapc.  lead 
melting  furnace  and  ladles,  oiiie  derrl-k. 
pipe  cutting  machine,  post  anti  twisi  drills, 
taps,  reamers,  stocks  and  dies,  tilttc  cutlers, 
wrenches,  vises,  hammers,  punches,  chisels. 
groovers,     cant     hooks,     tool     liandles.      Illes. 


•iTewii,  cullirit.  »taplc».   lucks,  snatch  blocks, 
wire  rope  dips,  dixir  plates  and  pulls,  etc. 

Washington.    D.    C.     .M..1..1        

Until    1"  Jm    a     Mi  .     Kill      1. 

Bogus    c;..ii.T!.i    !•  11.1  ,«,,,,,. 
,.„,..  ..... 

cul.. 

ref: 

IJAl-KIIlk-        "•   iUUK. 

cotton      duck       vit 

brushes,    flue    I'leji  ■ 

bliH^ks.   T  i    '  ■ 

netting. 

coal    sc- 

clamps.  ni.iri.iTii^i ^    >  i:tin|i~. 

«-ts al    baskets.    iMitato    in 

towels,    moil    heads,    sand    pus 
gaHuline.    Iiilirlcniing   grease.  1  1. 

Washington,  D.  C— Ralls,  Switches,  Etc.— 
Until    lo::rii    a     m.    Jan.    26.    bv    Capt     F     i' 
Uoggs.    General   Purchasing  Ofjlcer.    Isi!  • 
Canal  Cummlsslon.  for  furnishing,   und. 
iiilar    4S9.   si.el    rails,    angle    liars,    tie   p.^;.  . 
tnick    bolls    and    spikes,     rail    braces,    frogs, 
switches,   switch  stands,   ties.  etc. 

Leavenworth,     Kan. — Steel     -  Until 

10  a.   m..  Jan.   2.'i.   bv   R.    A.    I.  erln- 

tendent   of   Prisons  and    Pris.  ulng- 

ton,  D.  C  for  furnishing  ami  n.-iivermg  at 
the  U.  S.  Penitentiary,  Leavenworth,  Kan  . 
steel  trusses. 

Jamestown,  N,  Dak.— Water  Meters— Un- 
til 3  p.  m..  Feb.  I.  by  G.  E.  l.vman.  CItv 
.Auditor,  for  furnishing  water  meters  for  the 
<-lt>'  in    lilts  of  25  and   50. 

Cincinnati,  O.— F'ire  Hose. — Until  Jan  25 
bv  Board  Public  Siifety.  for  furnishing  the 
Fire  Department  with  10,000  ft.  of  2U-ln 
cotton,   rubber  lined   flre  hose. 

Pittsburg,  Pa,— Supplies.— Until  10  a.  m., 
Jan.  27.  by  .\.  B.  Sluiiherd,  Director  Public 
Works,  for  furnishing  supplies  to  city  for 
period  of  one  year.  .\mong  the  supplies 
wanted  are:  .Asphalt  repair  plant  supplies, 
inifllng  instruments,  cement,  lumber,  sewer 
liipe  and  finings,  street  signs,  cable,  wagons, 
machine  sweepers,  etc..  etc. 

Milwaukee,  Wis.  -Valves.— Until  10:30  a.  m.. 
Jan.  22.  by  Board  Public  Works,  C.  J.  Po- 
etsch.  Chairman,  for  furnishing  for  the  use 
of  its  water  derKirtment.  two  20-in.  and  eight 
.36-in.  gate  valves  and  one  36-in.  check 
valve  of  the  Ludlow  Valve  Manufacturing 
Co.'s  style. 

Superior  Entry,  Wis.— Piles.— Until  noon. 
Feb  15.  by  Lt.-Col.  Graham  D.  Fitch,  U.  S. 
Engrs..  Duluth,  Minn.,  for  furnishing  and 
delivering  piles  at  Superior  Entry,  Wis. 

CONTRACTS  LET. 

The  folliiwing  cmitiacl-s  liave  been  let  re- 
cently: 

Helena,  Ark.— Bridge.— Joliet  Bridge  & 
Iron  Co.  Joliet,  111.,  at  JI.345.  for  construct- 
ing steel  bridge  over  Stamp  Creek  for 
county. 

Little  Rock,  Ark,— Paving.- 1.  P.  Shelbv 
at  aliiiui  $.",n.nno.  for  paving  50  blocks  of 
streets    with    vitrified    brick. 

Colorado     Springs,     Colo Bridge.— Charles 

G.  Shelley.  Denver  Colo.,  at  J3,000,  for  the 
construction  of  the  new  county  bridge  near 
Breed  Station,  across  Monument  St.  The 
bridge  will  be  of  steel,  with  cement  floor, 
with    concrete    reinforcement. 

Greeley,  Colo.— Street  Lighting.— The  city 
lighting  contract,  for  live  years,  has  been 
awarded  to  the  Ilonie  Electric  Light  & 
power  Co.  The  rate  for  all-night  everv- 
niglit  7.5  ampere  series  arc  lights  is  |s4 
per  year.  Free  lights  are  furnished  for  the 
i'ity  Hall  and  some  other  service.  The  rate 
for  the  City  Library  is  5  cts.  per  kilowatt 
hour.  .As  this  is  all  new  business,  the  Home 
company  will  have  to  at  once  Install  neces- 
sary transformers.  distribution  system. 
lamps,  etc  Robert  McF.  Doble.  Malesttc 
"lilg..  DenviT.  I'olo..  Is  Consulting  Engi- 
neer. 

Holly,  Colo — Water  Works. — W.  W.  Cook 
"'onstriictlon  Co..  Junction  City.  Knn.,  for 
cnnstriictlng    water    works    for    this    city. 

Des  Moln's,  la. -Electrh  It.iilu  :iv  — Burns 
&    Co..    705    Isabella    BIdg      '  111.,    have 

contract    for    constniet'rik'  of    pro- 

iected  90. mile  line  of  the   '  '  ittiimwa 

*    Western   Electric  Ity..   whi.  h  in  to  conniTl 
Des    .Mollies   and    Oltumwa.    la. 

Hume,  III.  — Bridges  — Clinton  Bridge  it 
Iron  Works.  Clinton  la,  at  $5  940.  for  eri'ct- 
ing   seven    bridges    In    Hume   Township. 

Aledo,  Ml.  — Bridgiv  — C  J.  Noble  at  fl.970 
for  constructing  loo-fi.  span  tuidee  over 
Ellzii   Cre».k.   south   of   Brown    Noble's. 

Viola,  III.— Bridge.-  J  llownnl  Jnyne, 
Muninoulh.  III.  at  $!.ino.  fur  consiructlne 
bridge  over  Edwar-N  "i\  ■  '  northensl  of 
Viola.      Bridge  is   In    '  '     span,    stool 

slruciure    with  com'  .sling  on  ro- 

lnforce<I   concrete  sul..-! 


Bluffton.      Ind.   -Gravel      Itoada  —  Cuntrmeta 

for  e.in.irii.  eing  rrwvol  rond"  In  Well"  Coun- 
"'■  "  -rl. 

is. 

N. 

111. 

\V. 

ad. 
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Ind.     travel      Roads       ' 
1'                                         '■   410.     for  i.g 

g                                             ■  :    E.    E     I  •  1- 

'■  :rucilng  g 1 

Newcastle.     Ind.     Road  -  Joseph    Alsp«ugh. 

I'lli  Ind  .  al  |i;.6'<0.  for  consiructing  road 
m    Harrison   Township  for  county. 

Covington,  Ind, -Gravel  Road —Freeman 
Noogle.  Newport.  Ind..  at  J5.5«9.  for  con- 
structing gravel  road  In  Fountain  County. 

Rushvllle,  lnd.~  Rnadwork.  Wm  Avery 
Waldron.  Ind  at  I7.96S,  for  grading  and 
draining    highway  In    Rush  County. 

Sullivan.  Ind.— Road.— J.  C.  RIggs  Sulli- 
van. Ind.,  at  $1,600.  for  constructing  4  350  ft 
of  road. 

Muncle,        I-   :       :  .  ly 

Commlsslfi?:.  .j". 

trails  for  h..  ,,, 

^  ?.°"^,'  ,f'""*'i''  li'i  ,  Geo.  Bander,  and  H. 
J    McClellan.  both  of  Muncle.   Ind. 

,^'"^*j<';  *<»"■— Sew  fn— J.  S.  Shnckelton 
at  $].13..  for  constructing  sewer  In  I>lsirlct 
^''■  «.  ab'l  «'  $4.2<il,  for  constructing  sewer 
in    District    No.    7. 

Maiden,      Mass — Building -The     Convenie 

Rubber  Co..  recentiv  organiz.-.l  of  wl  Ii  h  M 
M.    Converse  Is   I  -»i 

contract     with     1  ,^ 

Co.     of  Boston,   f.- 

piwif  building  In  Maiden.     Ti.e  i..  w   l.u.idmg 
w  II    lie   ere<ied    next    the   B.    4    M     Western 
Division     tracks,     near     Edgewor:'       -:•.•  ..r, 
The    floors    and    Interior   column '  < 

will    be   of   reinforced   concret.-  -.r 

coluinns    and    roof    trusses    «   ' 
and   the  walls  of  brick.     "Tt  -..r 

this    building  are    nearly    c.  ,. 

work  Is  to  be  pushed  throu^.  ,,  ,,.  „,.  ,,,,. 
patch  The  building  will  be  fireproof  mod- 
ern and  up  to  date. 

Evan.vllle,  Ind  -Filter  Plant  -Norwood 
Engineering  Co..  Florence.  Mass  .  at  $246  - 
000.  for  constrnciing  mechanical  flltor  plant 
for  this  city.  '^ 

Grand  Rapids.  Mich — Sewage  Pumping 
Station  Charles  jr  Williams,  at  $7  090  for 
constructing  sewage  pumping  station  at' Ca- 
nal and  ColdlirouK-    Sts. 

f*^  ^'P"  P<"'''«  Minn — Pumping  Plant 
—J.  G.  Robinson.  St  Paul.  Minn,  for  erec- 
tion of  new  pumping  plant  here. 

Evrleth,  Minn.  Tank  — Pastoret  A  Luns. 
Two  Harltors.  Mliin  .  for  constructing  300.0OO 
gallon    water   lank    for  city 

Mankato.       Minn.— Bridge.- Contract       has 
been    signed    with    the    Ilmnepln    Bridge   Co 
for   Mie   eonstt  I  .1  1,  1     .'     ,    .....•/^,,.l    1..-    1...      ..  ..- 

the  Mipne.soi 
900  and    the 

of  a   high  Ini.-      „  „.,,    ,.,  ,,,;,.     .,  ,   ,,' 

long,    to   consist   of   two   spans,    each    170   ft. 
long    with  n  lO-ft     roadway. 

St.  Paul.  Minn.     -  N>11  «  pr. -r    ■ 

at    »15  093.     for    c.  .-oncrete 

In    Fnirvlew  and  .« 

Laurel,      Mont.     Bii.lgv.-  Security      I-     . 
Co  .    ,Minnenpolls.    Minn  .   at    $I9.99«     fo' 
stnictlng  stiel  bridge  over  Tellowstone  I;,.. , 
at  I.nurol  for  Tollowslono  and  Carbon  Coun- 
ties. 

Missoula.  Mont.— Bridge.— O  E.  Pepi., -i 
at  $7. OHO  for  cimstructlng  bridge  at  I^>i '  1. 
for  county. 

Winston,     N.     C-   Bridge      • 
neerirg  Co..   I'lirllngiun.  N    1* 
Ing  sieel   bridg-  over  Silas  c 
Mill  for  llie  i-oiinty 

Long      Branch,     N.     J — 8*wi>r  — Prank 

Brand     \^'   •  •    '  ' ■      •   -   ■ 

to  conn, 
helm  •■<■' 
lance  of    i  .  1  .   It 

Trenton,  N.  J — Sewer —Anton'o  lie  l^icla 
for  constructing  sj-wer  in  t  il.r  St  and 
Chestnut    Ave.:    Tlioma.'-    '  (fy^  con- 

structing sewer  in   Bnii 

Niagara  Falls.  N.  V.  .  .>  iuk  Henry  p. 
Biirganl  Co.  Biiffnln.  N.  Y..  at  $23,647.  for 
paving  4lh  St    %vilh  sheet  asphalt. 

Troy,    N.    Y.  — Sewer — John    Flynn.    at    $!.- 

OST.    for  constructing  sewer   In    Miichanlc   St. 

Le  Roy,  N,  V.— Church —Dillon  A   Mallock, 
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tor    erecting    St.    Joseph's    Roman    Catholic 
cliurch  on  Lake  St. 

Coshocton,  O.— Manufacturing  Plant. — Luy- 
ster  lie  Lowes,  Dayton.  O.,  for  constructing 
buildings  for  plant  for  James  C.  Clow  & 
Sons. 

Philo,  O.— Power  Plant. — F.  W.  Witherall 
Pittsburg  Pa.,  for  building  power  plant  for 
the  Center  Valley  Light  &  Power  Co.  on  the 
site   of  the    Frazier   Mill    at    Philo. 

Waynesvilie.  N.  C— Railroad  Work.— T.  C. 
McNeely.  Hendersonville.  N.  C,  manager  of 
the  Appalachian  Construction  Co.,  has  the 
contract  for  constructing  the  South  Atlantic 
&  Transcontinental  Ry,,  surveys  for  which 
are  now   under  way. 

Lorain,  O.— Bridge. — Modern  Construction 
Co..  Fremunt  .at  n.033,  for  constructing 
bridge    over   Vermilion    River  at    Hillsburg. 

Columbus,  O.— Viaduct  Substructure.  — 
Yawger  Co.,  Indianapolis.  Ind..  at  $87,891,  for 
substructure  work  on  the  Mound  St.  cross- 
ing viaduct 

Elyria,  O.— Building.— H.  W.  Whitney,  for 
erecting  190x9"-ft.  finishing  building  for 
Elyria  Iron   &   Steel  Co. 

Hobart,  Okla.— Paving.  —  Quinlan-Warner 
Co.  Syracuse,  N.  Y..  for  constructing  14 
blocks  'of  asphalt  pavement  for  this  city. 

Philadelphia,  Pa.— Paving  Work,  Etc.— Fil- 
bert Paving  &  Construction  Co.,  for  repan's 
for  eniniing  vear  to  city  and  railway  streets 
paved  witli  asphalt:  The  McXichol  Co..  for 
repairing  streets  paved  with  granite  block 
on  sand  foundation  for  ensuing  year;  David 
McMahon.  7  East  Chelton  Ave.,  at  $67,400, 
for  maintaining  county  roads  for  ensuing; 
vear;  Daniel  S.  Pader.  for  repairing  bridges 
and  sewers  for  ensuing  year. 

Dallas,  Tex.— Bridge.— A.  S.  Adams,  at  $4- 
700.  for  lunstructing  concrete  bridge  for  city. 

Stamford,  Tex.— Railroad  Work.— P.  M. 
Johnson.  St,  Elmo.  111.,  according  ot  reports, 
for  the  construction  of  the  Stamford  & 
Northwestern  Rv.  from  Stamford  to  Dickens 
Countv  The  contract  includes  grading, 
bridging  and  everything  with  the  exception 
of  laying  of  the  steel  and  ties. 

Aberdeen,  Wash. — Railroad  Wor'.?. — Caugh- 
ren  Winter  Smith  &  Co..  Spokane  and  Se- 
attle Wash.  are  reported  to  have  been 
awarded  the  contract  for  constructing  the 
Gravs  Harbor  branch  of  the  I'non  Pacific 
R  R..  bids  for  which  were  opened  Dec.  24. 
The  contract  does  not  include  the  construc- 
tion  of    the    bridge   over   the   Chehalis   River. 

North  Yakima,  Wash.— Sewer.— Western 
Concrete  Machinery  &  Manufacturing  Co.. 
at   $4.7.=.0.    for   extending   Beech    St.    sewer. 

Wallula.  Wash.— Railroad  Work— Hurst  & 
Wcio.ls.  Spokane,  Wash.,  have  contract  for 
builiiing  spur  line  from  the  O.  R.  &  N.  Ry.. 
near  Attalia  'to  a  point  on  the  Columbia 
River  selected  for  a  bridge  site.  This  is 
said  to  be  the  first  work  in  connection  with 
the  construction  of  the  North  Coast  line 
south  of  the  Columbia  River. 

La  Grand?,  Ore.— Water  System —Ameri- 
can Liglit  &  Power  Co..  Kansas  City.  Mo.. 
at  $141^000,  for  building  Beaver  Creek  water 
system    for   this   city. 

/intigo,  Wis.— Bridge.— Wisconsin  Bridge 
&  Iron  Co  .  at  $2,337.  for  constructing  one 
span  steel  bridge  over  Wolf  River  for  town 
of   Ainsw-orth. 

Ellis  Junction,  Wis.— Dam  and  Power 
Plant  —Pates  &  Rogers.  35S  Dearborn  St.. 
Chicago  III.,  tor  tne  construction  01  a  dam 
and  power  plant  on  the  Prestigo  River  at 
Ellis  Junction.  Wis.  The  work  is  to  be  done 
for  the  Northern  Hydro-Electric  Power  De- 
velopment Co..  and  will  involve  the  expendi- 
ture of  J.iOO.OOO.  The  dams  are  to  be  con- 
structed  of    earth   and   concrete. 

PROJECTED  WORK. 
Bridges. 

Items  Arranged  Alphabetically  by  States. 

Fresno,  Cal.— City  has  rejected  bids  re- 
ceived some  time  ago  for  constructing  a 
concrete  bridge  over  Dry  Creek  on  Belmont 
Ave.    and    v.ill    call  for   new   bids. 

Saticoy.  Cal. — E.  C.  Converse,  who  recent- 
ly purchased  the  Keystone  ranch  on  the 
e'a>;t  Sid"  of  Santa  Clara  River  4  miles 
north  of  Saticoy,  will,  it  is  said,  erect  a 
$30  000  bridge  over   the  river  at   his  ranch. 

Essfx,  Conn. — Shore  Line  Electric  Ry.  Co., 
New  Haven.  Conn.,  will,  it  is  said,  in  tlie 
farly  spring  build  a  bridge  over  the  Meadow 
land'  bordering  on  the  Middle  Cove  Bay 
from  near  Macks  Landing  to  the  main  land 
on    the    norlh    side    of    the    meadow. 

Atlanta  Ga. — Resolution  is  before  the 
council      ailing   for   an   appropriation   of   $10- 


000  for  building  a  viaduct  from  Jackson  St. 
to   Oakland   Cemetery. 

Peck,  Idaho. — The  Peck  Bridge  Co.  of  this 
city  has  been  incorporated  with  a  capital 
stock   of  $l,-).000. 

Council  Bluffs,  la. — Board  of  Public  Works 
ma\'  decide  to  replace  present  bridge  o\'er 
Indian  Creek  and  8th  St.  witli  a  concrete 
structure. 

Wichita,  Kan. — City  Engineer  will  prepare 
plans  at  once  for  steel  and  concrete  bridges 
across  tlie  Little  Arkansas  River  at  11th  St. 
Carlisle,  Ky. — A  company  is  being  formed 
here  to  construct  a  steel  bridge  over  Licking 
River  at  Parks  Ferry.  Thomas  E.  Baeding 
of  Millersburg,  Ky.,  holds  a  franchse  for 
the  bridge. 

Holyoke,   Mass Board  of  Public  Works   is 

to  report  on  the  cost  of  constructing  a  new 
bridge  over  the  first  level  canal  at  Sergeant 
St. 

St.  Joseph,  Mo. — Ordinance  is  before  the 
council  appropriating  $.5,000  for  repairing  the 
ijtli  St.  viaduct.  The  local  street  railway 
company  will  spend  a  similar  amount  on  the 
bridge. 

Central  City,  Neb. — Merrick  County  Com- 
missioners and  Polk  County  Commisisoners 
are  considering  building  a  Joint  county 
bridge  over  the  Flatt  River  about  two  miles 
east  of  Clarks  Village,  the  cost  of  which 
will  be  about   $12,000. 

Charlotte,  N.  C. — County  Commissioners 
are  considering  building  a  bridge  at  Rozzelle 
Ferr.\'. 

Carlsbad,.  N.  Mex. — The  county  has  sold 
$24..")O0  of  bridge  building  bonds.  The  pro- 
ceeds will  be  used  to  build  bridges  at  Artesia 
and  Central  City  and  a  bridge  over  Black 
River  near  Malaga. 

New  York,  N.  Y. — Board  of  Aldermen  have 
authorized  an  appropriation  of  $110,000  for 
building  the  new  Hunter's  Point  Ave.  bridge 
over  the  Dutch  Kills  Creek.  The  bridge  will 
be  of  the  lift  variety  and  tlie  approaches 
will  be  of  concrete  and  masonry.  Plans  will 
lie  read>'   in   the  spring. 

Atlantic  City,  N.  J.— The  Atlantic  City  & 
Suburban  Traction  Co.  of  Pleasantville.  N. 
J.,  is  considering  the  construction  of  a 
$2,-.0.000  bridge  over  the  Great  Egg  Harbor. 
Cincinnati,  O- — Ordinance  will  go  before 
the  council  to  authorize  a  bond  issue  of 
$283,000  for  building  the  Gilbert  Ave.  via- 
duct. 

Greenville,  O. — Council  has  passed  ordi- 
nance providing  for  the  sale  of  $6,600  of 
bonds  for  the  construction  of  a  bridge  at 
Broadway. 

Columbus,  O. —  Central  Business  Men's  As- 
sociation. I.  R.  Waters.  Secretar>-.  and  North 
Side  Board  of  Trade  are  agitating  the  build- 
ing of  a    million-dollar  viaduct  at  3d   St. 

Mansfield,  O. — City  Engineer  is  to  prepare 
plans  and  estimates  for  the  construction  of 
,a  bridge  over  the  creek  at  South  Mulberry 
St. 

PhiladelDhia,  Pa. — Mayor  Rayburn  has  rec- 
ommended the  construction  of  new  bridges 
over   Hunting   Park  Ave. 

Philadelphia.  Pa. — City  council  has  passed 
ordinance  authorizing  the  construction  of  a 
bridge  on  the  line  of  Roberts  Ave.  under  the 
Chestnut  Hill  branch  of  the  Pennsylvania 
R.  R..  to  cost  $40,000.  George  R.  Stearns  is 
Director  of  Public  Works. 

York,  Pa. — Viewers  recommended  the  re- 
building of  the  College  Ave.  bridge.  The 
work  is  to  include  a  concrete  span  over  the 
North  Central  R.  R.  tracks  and  the  re- 
construction   of   the   rest  of   the   bridge. 

Maryville,  Tenn. — County  Commissioners 
have  appropriated  $3,000  for  the  erection  of 
two  steel  bridges,  one  over  the  creek  at 
Wellsville  and  the  other  at  Griffith  Mills 
near  Mint.  T.  F.  Beals.  Friendsville.  Tenn.. 
is   chairman   of   County  Commission. 

Athens,  Tenn, — County  Commissioners  are 
considering  the  erection  of  a  steel  bridge 
over  the  Hiawassee  River,  to  cost  about 
$30,000.  H.  H.  C.  Dodson  is  Chairman  of 
the  County  Court. 

Lynchburg,  Va, — City  Engineer  Shaner  has 
completed  plans  and  specifications  for  a  con- 
crete  \'iaduct   at   .")th   St. 

Railroads. 

Items  Arranged  Alphabetically  by  States. 

Ashdown,  Ark. — Surveys  were  started  her? 
.Tan.  n  for  an  extension  of  the  Memphis. 
Paris  &  Gulf  R.  R.  to  Paris.  Texas.  An 
extension  eastward  from  Nashville  toward 
Mui'freesboro  is  already  in  progress.  C.  C. 
Henderson,  Nashville,  Ark,,  is  Chief  Engi- 
neer. 

Hope,  Ark Final   surveys  are  reported  to 

have  been   about  completed  for  the  proposed 


Gulf  &  Magnolia  Northern  R.  R.  The  road 
is  to  be  started  from  Hope  to  Magnolia  and 
possibly  may  be  extended  to  Shreveport. 
Col.    S.   Q.   Sevier  is  promoter. 

Rogers.  Ark. — Arkansas.  Oklahoma  & 
Western  R.  R..  W.  R.  Felker.  Pres..  Rogers. 
Ark.,  is  laying  out  a  route  for  an  extension 
to  the  southern  part  of  Carroll  County, 

Los  Angeles.  Cal. — Los  Angeles  Harbor  R. 
R.  Co.  ^\■ill  soon  begin  construction  of  a 
railroad  around  the  west  basin  of  the  San 
Pedro  inner  Harbor.  Condemnation  proceed- 
ings have  already  been  instituted  to  acquire 
the  right-of-way.  W.  J.  Arkell  is  interested. 
Douglas.  Ga. — The  Georgia  &  Florida  Ry.. 
which  is  now  in  operation  between  Hazel- 
hurst.  Ga..  and  Madison,  Fla.,  and  will  with- 
in less  than  a  year  complete  an  extension 
from  Hazelliurst  to  Augusta,  Ga..  is  to  con- 
struct its  shops  at  Douglas.  Ga.  G.  B.  Ha- 
zelhurst.    Douglas.   Ga..   is  Chief  Engineer. 

Sparks.  Ga. — Charter  of  the  Georgia  & 
Florida  R>'.  has  been  amended  so  as  to  per- 
mit an  extension  from  Sparks  to  Adel.  a 
distance  of  3  miles. 

Atlantic,  la. — Atlantic  Northern  &  South- 
ern Ry.  is  making  good  progress  witli  its 
new'  survej's  betw*een  Audubon  and  Kimball- 
ton.  Considerable  amount  of  right-of-way 
has  already  been  secured.  M.  N.  Esbeck 
and  A.  A.  Jorgensen,  Kimballton,  la.,  are 
interested. 

Hutchinson,  Kan. — A  project  is  under  con- 
sideration for  the  construction  of  a  railroad 
from  this  city  through  Lerado.  Boone 
Springs  and  Sego  in  the  southern  part  of 
Reno  County.  As  proposed,  the  road  will 
be  built  from  Olcutt,  where  the  Midland  Pa- 
cific now  operates  a  line,  to  luka.  From 
that  place  the  proposed  Kinsley  &  Edwards 
County  portion  of  the  road  will  be  built. 
J.  W.  Clieatum.  Lerado  (r.  f.  d.  from  Lang- 
don.    Kan.),    is   interested. 

Garden  City,  Kan. — Preliminary  surveys 
for  the  Garden  City.  Gulf  &  Northern  R.  R. 
have  been  completed  to  this  place  from  Scott 
City  and  permanent  surveys  will  be  started 
at  once,  it  is  said.  S.  V.  Wordall  is  Engi- 
neer  in    charge. 

Conrad,  Mont. — According  to  the  an- 
nouncement of  J.  M.  Ryan,  of  Great  Falls. 
Mont..  Chief  Engineer  of  the  Cargill-Withee 
syndicate,  of  Lacrosse.  Wis.,  work  is  to  be 
started  the  latter  part  of  February  on  the 
construction  of  the  steam  railroad  in  Teton 
County  to  the  large  irrigation  reservoirs  now 
in   the  course  of  construction. 

Miles  City,  Mont. — Surveys  on  the  Miles 
City-Sheridan  Ry  route 'have  been  practical- 
ly completed.  T.  P.  Robb.  Miles  Block.  Miles 
City,    is  Engineer   in  chai'ge. 

Waynesvilie.  N.  C. — Surveys  are  to  be 
mailf  and  light-of-way  secured  for  the  pro- 
posed line  for  the  Southern  Atlantic  &  Trans- 
Continental  R.  R.  T.  C.  McNeely.  Hender- 
sonville.  N.  C  has  the  contract  for  con- 
structing  the   road. 

Oneonta,  N.  Y.— The  Otsego-Herkimer  R 
R.  Co.  has  been  reorganized  with  a  capital 
stock  of  $1.. "".00-000.  The  incorporators  in- 
clude Daniel  W.  Coon.  Joseph  A.  Starrett. 
Herbert  T.  Jennings.  Mt.  Vernon,  and  Edgar 
P.    Hi.lilridge.    New    York    City. 

Bartlesville,  Okla. — The  St.  Louis.  Bartles- 
ville  &  Pacific  R.  R.  is  stated  to  have  been 
financed  and  is  planning  to  have  actual 
construction  work  begin  early  in  February. 
The  road  is  to  run  from  Joplin  on  tlie  east 
and  is  to  have  its  offices  and  shops  in 
Bartlesville.  F.  M.  Overlees  is  local  repre- 
sentative. 

Dallas.  Texas. — Missouri.  Kansas  &  Texas 
R.  R.  is  reported  to  he  considering  double 
tracking  its  line  between  Dallas  and  Waxa- 
liachie. 

El  Paso.  Tex. — .\rticles  of  incorporation  of 
the  San  Diego,  El  Paso  &  St.  Louis  R.  R. 
Co.  have  been  approved.  Headquarters  of 
the  compan\-  will  be  in^El  Paso.  Tex.,  and 
the  capital  stock  is  $100,000.  The  road  will 
run  from  El  Paso  to  Crow  Springs  on  the 
New  Mexico  boundary  line,  a  distance  of 
about  100  miles.  The  board  of  directors  are 
A.  Courchesne.  W.  J.  Harris.  S.  T.  Wh'te. 
W.  C.  Davis.  J.  A.  Smith.  H.  B.  Stephens. 
L.   E.   Booker.  Irvin  John,  and  H.  A.   Dick. 

Seattle,  Wash.— Seattle  Dock  &  Terminal 
Co.  has  been  incorporated  with  a  capital 
stock  of  $2. "00-000  and  proposes  to  build  a 
belt  line  railroad  and  to  construct  a  dock 
system  in  the  Duwamish  Basin.  The  incor- 
porators are  Capt.  E.  W.  Johnson.  E.  P. 
Gaffney  and  J.  T.  Flynn.  It  is  said  that 
these  parties  represent  a  syndicate  of  New 
York  and  New  Jersey  capitalists  engaged  in 
Harbor  \\'ork  in  New  York.  New  Orleans. 
San  Diego.  Oakland.  San  Francisco  and 
Portland. 

Winnipeg.  Man. — The  Canadian  Pacific 
Ry..  J.  E.  Schwitzer.  Assistant  Chief  Engi- 
neer,   A^'innipeg.   Man.,   is  stated    to   be  plan- 
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MinB    lo    HiH-nJ    I3D.0OO.O0O    iliU   yrar   In  oon- 
Hlnu-diin    work    on    Itii    wcHtrrn    line. 

Manila.  P.  I.  — Sn-r.-Iury  i.f  War  Wrlulit  Ib 
iniisi.l.Tliijr  II  phin  for  liniin.vliiK  ilu-  rall- 
ri>a>l  fjii'lllili'M  In  tin-  l'lilli|>i>lii<-i<  )>>  •xu-nil- 
IliK  tli>'  Hill-  fi'din  Millllllt  a  ilinlaiiri'  of  alHiill 
:'"  inil.-H.  MO  aH  lo  I'oniu-ci  with  HaKlno.  Tin- 
I'oiiKtriirllon  <pf  ilic  line  III  Soitilu-rn  I.uzoii 
fniiii  TayaliaM  to  Niii-va  <  "ai'i-i  •■.•<.  a  illHiaiii-i' 
of  al«nil  r.',".  iiilU's  to  coniifit  with  ilic  toal 
lli-hlK.  IH  alHo  |iro|H>.-iftl.  Ilornci-  I..  IllfCKlnK 
In  ticm-nil  MaiuiKcr  of  ihi-  nillrcuid  8yHl<»m 
In    Luion. 

Electric  Railways. 

Iums  .\riniii;.il     VIphaliillialiy    liy   .'<talo!l. 

Bcntonvllle.  Ark.— .■\clv|i.-.M  from  this  |>lii<-c 
stall-  that  all  .Iftalls  for  the  llnanclni;  of 
thv  Missouri-Arkansas  IntiMurlian  lino  liavt- 
I..M-n  complcliHl.  The  mail  will  In-  liiillt.  It  Is 
said  hy  llif  Wi'StiTp  t "onstrui'tlon  Co..  ri'p- 
MscntiMl  by  ilforB.'  T.  Tropir  ami  Edwaril 
llinry  of  Minneapolis.  Minn.  Tin-  roiiti> 
Mnally  determined  upon  Is  from  Joplln.  .Mo., 
to  Ilentonvllle.  theme  to  C.entry.  TontUown 
ami  SpriiiKdale.  thence  liaik  to  Bentonvllle. 
.\  liianch  line  will  run  In  Pea  Rlilee.  It  Is 
snid  that  the  line  will  not  run  to  ITuntsvllle. 
Monte  Ne  or  Siloam  SpriiiRs.  for  the  present 
at    least. 

Helena,  Ark.  — rity  Council  has  grnnled  a 
franchise  to  liulld  and  operate  a  street  rail- 
way In  Helena  to  J.  W.  nurks.  Mr.  Hurks 
Is  Industrial  Commissioner  of  the  Business 
"Men's  I.eaKue  and  will  tr.insfer  the  charter 
to  an  Indianapolis  syndicate  in  which  Charles 
S.  Ilernly.  Newcastle.  Ipd  is  interested 
Work  is  to  he  started  within  fifi  davs  and 
all   work   <  iimpleted   hy   Jan.    I.    1911. 

Huntington.  Ark.— Dan  W.  Patton.  Musko- 
Ree.  Okla..  Is  promotinR  a  iiroiecl  for  the 
constriu'lion  of  an  interurhan  line  to  con- 
nect   this   place   with    Midland    and  Hartford. 

Long  Beach.  Cal.  — Pacific  Electric  Ry.  Co.. 
I.os  .\nceles.  I'al..  will  build  a  line  between 
I>ins  Beach  proper  and  West  Long  Beach, 
and  operate  cars  to  the  western  end  of  the 
city. 

Pasadena,  Cal.— Pasadena  Rapid  Tran.sit 
Co.  has  been  Incorporated  with  a  capital 
slock  of  JS.SSn.nnn  and  proposes  to  build  an 
air  line  alone  ll>e  route  of  the  old  cycle 
road    between    I.os    Angeles   and    Pasadena. 

Los      Angeles,     Cal H.     F.     Vollmer      has 

.asked  city  council  for  a  franchise  for  a 
single  or  double-track  electric  railroad  from 
2Sth  and  Hoover  Sts..  south  on  Hoover  St. 
to    ri.ilton    .\ve. 

Atlanta,  Ga. ^Franchise  of  the  .-Vtlanta. 
c.riHin  &  Macon  Interurhan  Ry.  has  been 
extended  for  one  year  with  a  provision  that 
the  work  must  be  commenced  by  .-Vprll  1. 
W.  J.  Kincaid.  Griffin.  Ga..  President  of  the 
company,  is  stated  to  have  practically  se- 
cured necessary  capital  with  which  to  besln 
work. 

Sand  Point,  Idaho. — City  council  has  grant- 
ed franclilse  to  a  syndicate  of  25  business 
men  and  Itrms  of  the  city  to  construct  a 
street  railway.  Franchise  provides  that 
actual  construction  work  must  be  com- 
menced by  May  1.  Preliminiiry  surveys  and 
securing  of  the  rlKlil-of-way  were  to  he 
started  at  once.  The  company  also  pro- 
poses to  build  a  line  to  connect  Kootenai 
and    Ponderay    with    Sandpolnt. 

Fort  Dodge,  la.— Fort  Dodge.  Des  Moines 
&  Soiiibern  R.  R.  has  bad  preliminary  sur- 
veys maile  for  a  2-mile  spur  lo  the  brick 
\'ards    irjcalcd    near    Kaio. 

Peoria,  III.  — Promotion  work  Is  under  way 
to  secure  the  building  of  the  line  between 
Peoria  and  Rock  Island.  It  Is  understood 
that  tlio  roail  will  run  the  same  direction 
as  the  Peoria  branch  of  tlie  Rock  Island 
R.  R.  Mrs.  Alice  Butler  Moore,  Davenport, 
la.,    is    promoting    the    project. 

Albany  Hill,  111. — Surveys  have  been  start- 
ed of  the  route  to  be  followed  liv  the  Trl 
Cllv  and  .Northern  Rv.  Co.  The  first  stretch 
of  line  lo  be  built  will  In-  fr.im  this  city  to 
Walerlown.  The  Peoples  Construction  Co.. 
I)a\'eniiort.    la  .    is   promoting   llie   project. 

Chicago.  Ml The  directors  of  the  Midlo- 
thian Country  Club.  G.  R.  Thome.  President, 
have  decided  to  electrify  the  club's  railroad, 
known  as  the  .Midlothian  &  Blue  Island  R.  R 
It  Is  estlm  lied  that  the  work  will  cost  about 
Si'fi.nnn. 

Paris.  III. — Terre  Haute.  Indianapolis  & 
F.i.xtern  Traction  Co..  Terre  Haute,  Ind.,  Is 
reported  to  be  planning  to  build  a  line  from 
Ridge    Farm   to    Paris,    111. 

'  East  St.  Louis.  111.— Fast  St.  T>ouis  &  Cn- 
seyvllle  Flectric  Ry.  Co.  has  been  grante<l 
a  franchise  for-  the  construction  of  a  street 
railway  through  El&st  Ijinsdown  Heights  lo 
Casey  ville. 

Petersburg,  Ind.— Chicago  Trust  Co.  Is  sta- 
ted   to   have   offered    to    finance   the   proposed 


Jnnper-Vlnci-nneH    Kleetrlc   Ry.    provldtHl    the 
people    along     the    riglii   of.wav    woiil,|    sub- 
scribe III^O.IiUll  Wor  I 
been     iiuide     and 

piirehased.      John    •  -     i  i 

In   lntcreMt4*il. 

lola.  Kan. —  Kansas  City.  Olnthe.  Ottawa  & 
lola  Ry.  Is  now  having  survevs  made  for  ila 
propositi  rond.  Considerable  amount  of 
right-of-way  has  ln-eii  secur<-d.  The  rond 
Is  to  bi-  In  a  direct  line  from  lola  to  Kansas 
City.  The  main  power  piimt  will  be  on  the 
Neosho  River,  near  lola.  George  A  Weill 
Is    Chief    Knglneer. 

Pittsburg,  Kan.— The  GIrard  Coal  Belt 
l-aeclrlc  Ry..  M  <!.  Vincent.  Secretarv  Gl- 
rard.  Kan..  Is  to  apply  to  the  citv  council 
of  Pittsburg  for  a  fninddse  to  build  an  <-\- 
tension  of  the  Coal  Bell  Interurhan  from 
Riidley  to  Pltlsburg. 

Cherokee.  Kan.— Joplln  &  Pittsburg  Ry. 
Co.,  Pittsburg.  Kan..  Is  considering  extend- 
ing its  line  to   this  place  from   Pittsburg. 

Portland,  Me.— The  Portland.  Gray  &  I..W- 
islon  Kleetrlc  Ry.  Co.,  chartered  a  vear  or 
so  ago.  has  completed  survevs  for  Its  pro- 
posed line  and  will,  it  is  said,  have  con- 
struction work  starteil  this  s|irlng.  The  road 
Is  projecteil  to  connect  Portland  ami  I^-wls- 
ton.  Me.  .I.ilin  A.  Jones.  I.ewlslon  .Me.  Is 
Chi<f    l-:imin.er. 

Flint.  Mich — The  Flint  &  Saginaw  Kleetrlc 
Line,  now  under  construction.  Is  to  be  ex- 
tended  to   Vassar.    Mich. 

Missoula,  Mont.— City  has  voted  to  grant 
a  street  railway  franchise  here  to  J  R 
Wharton,  Butte,  Mont..  Manager  of  the  W. 
A.  Clark  properties  in  Montana.  .According 
lo  the  terms  of  the  franchise  work  on  th» 
street  car  s.vstem  must  be  commenced  within 
three   months. 

Reno.  Nev.— S.  M.  Wheeler  and  Charles 
Burk.  who  received  a  franchise  over  a  vear 
ago  for  a  street  railway  In  this  citv. "  are 
lireparing.  it  is  stated,  to  begin  construction 
on    llie   line. 

Portsmouth.  N.  H.— Proprietor  Priest  of 
the  Weniworili  Hotel  has  started  a  move- 
ment for  the  ciinstructlon  of  an  electric  rail- 
way   from  Sagamore   Road   to  Xewcastle. 

Rochester,  N.  Y.— The  Rochester  &  South- 
ern Construction  ("o.,  which  has  the  contract 
for  constructing  the  Rochester.  Corning  & 
Elmira  double-track  railroad  is  planning  to 
begin  work  by  .\pril  1  on  the  construction 
of  the  section  between  Rocliester  and  Cone- 
sus  Lake.  It  is  planned  to  start  the  work 
at  two  points.  .Won  and  Rush,  with  gangs 
working  norili  and  soiitli  and  with  a  gang 
working  .south  from  Rochester.  John  Hof- 
man.  Rochester.  N.  Y..  Is  President  ami 
Samuel  B.  Williams.  Rochester.  X  Y  Is 
Secretary. 

New  York,  N.  Y.— State  Public  Service 
Commission  has  granted  the  New  York 
Westchester  &  Boston  Ry.  Co..  wlilcb  Is 
controlled  by  the  New  York.  New  Haven  * 
Hartford  R.  K.  Co..  a  certillcate  of  imbllc 
cim\'enience  .and  necessity  to  construct  its 
line  down  through  llie  Bronx  Boroogh.  The 
road,  wliich  is  under  construction,  is  to  be  a 
.T-rail   system,   ion  miles  long. 

Senec3  Falls.  N.  Y.— Geneva.  Waterloo. 
Seneca  Falls  &  Cayuga  Ijikc  Traction  Co. 
has  been  granted  franchise  to  construct  a 
line  from  the  corner  of  Stephens  St.  east  to 
the  village  limits.  The  franchise  was  grant- 
ed in  conniption  with  llie  propo.sed  exten- 
sion to  Auburn.  Work  on  this  line  Is  to  b- 
started  as  soon  as  the  weather  will  permit. 
W.  C.  Gray.  Seneca  Falls.  N.  Y..  Is  General 
Manager. 

New  York  City — The  South  Shore  Traction 
Co..  Times  Blilg..  New  York  City,  has  ap- 
lilleil  lo  llie  State  Public  Service  Commission 
for  a  franchise  to  extend  its  tracks  througli 
Jamaica  and  Hofman  Boulevards  and 
'Tbomp.Mon  Aw^.  to  the  uueensboro  Bridge 
plaza    and    (hence   across    the   bridge. 

Goldsboro,  N.  C.— The  Goldsboro  Traction 
Co.  has  been  Incorporated  with  a  capital 
stock  of  JI.'iO.OOO  lo  construct  and  maintain 
a  street  rallwav.  B.  T.  Oliver,  J.  11.  Trent 
of  Raleigh.  N.  r..  S.  L.  Illackburn  of  Rich- 
mond. Vii  .  and  A.  H.  Oliver  of  Goldsboro 
are   inlerested. 

Sapuipa,    Okla.     The     .Sapiilpa      Interurltan 

Railway   has  I ii   reorganized   and   inone.v   is 

to  lie  raised  to  build  an  extension  mt..  n  -. 
Glenn    fill    Fields,    a    distance   of    .I 

Philadelphia.  Pa. -Sharon   niM-l'; 
b,v   St.    Railway    f"o,.    a    sui  .ii.  .in    ..t 

Ihe    Interslate    Rallw]i\s    •  Mariner 

ft     MerclianI     BIdg  .     I'ln:  I'a       bn" 

a|>|illed  to  the  coiinrils  of  \i  i.in  ind  Ijins- 
downe  for  a  franchise  through  those  bor- 
oughs. This  is  llie  rlrsi  step  towards  estiib- 
lislilng  a  direct  line  from  f.'.iili  St  .  Pbila- 
delphla.  to  Wilmington.  Del.  Tlie  right -of- 
wa.v  has  all  been  oblalniil  through  I'ppei- 
Darby  Township  and  the  only  sections  of  tli  • 


proposiil  mule  over  which  the  right  tiaa  not 
b.-en  gnindil  nrr  within  Colllngilule  Akian 
and  UinMlowni-.  Thn  plan  U  to  cr.nncct 
with  the  Chester  TrHrtlon  Co.'s  line  at  Sha- 
ri>n  Hill. 

Chester,  Pa.— Profeswir  Joseph  Sborllldee 
of  Conciirdvllle.   pn      Ii  miiklrit;  J.-.....I  if  igri-sa 

In     the     proiiiolli.r  -  ...J. 

<*oni-ord\  tile  Ac    V, 

Clarion.    Pj.  . ._ 

and   til.    .  (.tim.iinl  <  .mt   if  i; 

K.   Arnold   ami   F.   M.   Arn.  ,  ' 

are   Interestiil. 

Carnegie.  Pa.  Kigbt-of-way  lias  l.e<-n  ■«- 
cured  an.l  .nglne.rs  are  nf  work  .-n  final 
surveys    fur    a    new    i  . ,,(, 

place   lo  Chester.    \V  :is 

miles.     J.   .M.    Reed.    1  .i. 

dent. 

Sioux    City,    S.    D.-More    than     luilf  the 

right-of-way    for    tlw    i.pi.i...  i..i    ■... o^p 

of   the  Sioux    Falls  &    >  ;y 

has  been  s.-<iir.-.l  an.l  '„ 

struction    work    on    11 ,,-i 

this  year.     O.  H.  Smith    l>.  j, 

is  President:  George  w  ,2 
Falls.    S.    Dak..    Is   General    ..i,  „..i;.  : 

Austin,    Tex.-Friil     F      B.i  k    ..f      BuCTalo. 

.N.    1..    repr.-senllng    F-i-t.rh    .   ,ii'i!i-i-  lias 

made  a    proposition    i..  ,,,„ 

of    this    city     for    tli.  "  r- 

urban  line  between  .\  i  -  .^g 
to   cost    about    tl.iiOO.OOii. 

Wichita  Falls.  Tex.— J.  Edgar  Scurry  haa 
askiil  the  city  council  for  a  franchise  for 
an  electric  street  railway.  The  same  to  be 
built    within   6   months. 

Mt.    Pleasant.    Tex.— H.    W      I  .,f 

this  city,   who  has  a   franchise  f  r. 

ing   a    slr.-et    railway    from    tli.-  -..,1 

Minenil  Springs  one  mile  soulh.-.i«i  .,f  town 
will  start  construction  work  before  Feb  l' 
it    is   ssiid. 


Sewers. 

Items  Arranged  Alphabetically  by  States. 

San  Jose.  Cal — City  council  has  adopted 
report  that  the  City  Englne.r  rr-p.re  plans 
and    speclllcations   for   the  ,.,    of   a 

brick   or  concrete  sewer  to  .    pres- 

ent    Imx     outfall     sewer.        >  .ii>     |g 

available  f.ir  the  construction  .,f  ii.,.  eewTr. 

Oakland.  Cal.- 1  irdinance  lias  been  before 
the  council  to  construct  a  sewer  In  Broad- 
way. 

Monrovis,  Cal.-Clty  Council  lias  adopted 
plans  of  F.  H.  Olmslead.  C.  E..  I»s  .Vng.'les 
Cnl..  for  the  pmiiosed  new  sewer  s\stein 
Plans  call  for  an  exi>endllur.-  of  tl""  000 
for   which   city   will    Issue   Imn.ls. 

San  Dlegc.  Cal.— t^lty  Engineer  has  been 
direii.ll  to  make  surv.-ys  and  plnn«  for  the 
extension  of  the  sewer  s.vstem  farther  than 
that    provlditl   in    the   rii-ent    t>ond   is»iie 

San   Jose.   Cal.— N.    I"  " 
Sacramento     Cal..    ha.-  .i 

water  and   sewi*r  svsi.  t- 

wood    Park. 

Mayflrld.  Cal. -Town  Trustees  will  prob- 
ably call  an  election  to  vote  on  Issu  ng  li".- 
imo  of  lionds  for  the  establishment  of  a  sewer 

system. 


I 

:il 

n    .in  I    Ij        riie 


Pueblo.    Colo.   -Ordlni- 
the  council   for   the  .-.'r 
storm  an.l  -anliary  s.  .i 
sewer  sub-districts    N'mni..  i 
estlmatnl    cost    Is   Jfi.9in 

Putnam.  Conn.  Committee.  of  which 
.Mayor  J.  J.  Met  lurry  Is  a  memb'T  luia  Ix^n 
appolntiil  to  consider  the  Installation  of  a 
sewer   systi'in. 

Atlanta.  Ga.     Mayor  .Maddox  i- 
a    Im.iiiI    issi..>    of   ll.oaii.iHto    for    i  i 

extension    of    the    city    s.w  i 

Paris,    ill. — itonrd    of      Pu  has 

taken   steps  for  ci.nstruclhik;  .  ..^t 

»Im-ui  »l2.m"0.  The  work  will  iinlu.i 
fl.  of  .'.  ft.  brick  or  concrete  sewer  and 
of   M  In     til.'. 

Mollne,   III.— H.  G     Pii.M...'k.  CI- 
has    b.-en    making    surv.vs   ..f   nil 

of   I-jist    Mollne   east   of  till-    Wat.  ^ ,..l 

with  a  view  to  the  laying  of  wnlermalrs  and 
sewer  pipes. 

Rock    Island.   Ill      T-        

lii.-rH-i    has    r.-.-.oii'  f 

a    iir.tiM.s.-.l    r.th    \'.  i, 

will    .Iniin    the    t.-riiii>i\     s.iinii    ..i    -..in     \\.. 
It    will  .-ost   tt.l.li;!. 
Belleville.    Ill —C;. id    .-f     r.-ial     liii|.r..\e- 

III. -Ills    Ii.>  i- 

larv    III  .  . 

••asl   of    I  ■    ■, - 

111.190. 
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Freeport,  III.— City  Engineer  Graliam  esti- 
mated cost  of  constructing  concrete  sewers 
in  Pine.  American.  Chestnut  and  Benton  Sts. 
at  $6,300.  The  contract  will  be  awarded 
shortly. 

Silvls.  III. — Village  Board  has  passed  ordi- 
4iance  for  the  laying  of  sewers  and  water 
mains  to  be  paid  for  by  special  assessment. 
The  improvement  will  cost  about  $31,000. 

Grundy  Center,  la. — Council  has  passed  or- 
dinance for  the  building  of  sewer  system  the 
coming    summer.       The     estimated     cost     is 

$15,000. 

Attleboro,  Mass. — Special  Town  meeting 
was  lield  .Ian.  l."i  to  take  action  on  the  re- 
port of  the  committee  on  sewerage  for  the 
installation  of  the  sewer  system.  The  site 
for  filter  beds  has  been  secured  and  bill  to 
provide  for  the  installation  of  the  system 
will  come  before  the  state  legislature. 

Cameron.  Mo. — City  is  taking  steps  to  se- 
cure  the   installation   of   the   sewer  system. 

Kansas  City,  Mo. — Kansas  City  Terminal 
Ry.  Co.,  H.  L.  Harmon,  president,  is  to  re- 
construct the  O.  K.  Creek  sewer  from  its 
terminus  at  21st  and  Walnut  Sts.  through 
to  Turkey  Creek.  It  is  estimated  that  the 
w^ork  will  cost   $300,000. 

Trenton,  N.  J. — Special  Commission  of 
which  Abram  Swan.  Jr..  City  Engineer,  Is  a 
member,  is  considering  methods  of  disposing 
of    the    sewage   of   the   city. 

Princeton,  N.  J. — Mayor  H,  L.  Robinson 
has  recommended  a  further  extension  of  the 
city  sewer  system. 

Athens,  O. — Council  is  considering  con- 
struction  of  a  storm  sewer  in  Mill  St. 

Cincinnati,  O. — Council  has  passed  ordi- 
nances for  the  construction  of  the  following 
sewers;  Westward  Sewer  System  to  cost 
$250,000:  Waverlv  Ave.,  Blaine  Road  and 
South  Sts.,  $14,000;  Fairmount  Ave..  $9.S16; 
Baltimore   Ave.,   $11,000;   Lidell   St..   $6,000. 

Stillwater,  Okla. — M.  J.  Hoyt  has  been  in- 
vestigating sewer  systems  and  will  report  to 
the  city  ou  installing  sewer  system  for  this 
place. 

Salem.  Ore. — Mayor  Rodgers  has  recom- 
mended that  the  city  install  a  sewer  system. 

Gaffney,  S.  C. — City  is  considering  install- 
ing  sewer  system. 

Winchester.  Va.— City  has  voted  a  $50,000 
issue  of  bonds  for  the  installation  of  a  sewer 
system.  W.  H.  Baker  is  President  of  the 
City   Council. 

LI  Crosse,  Wis.— City  Council  has  recom- 
mended an  $S5,000  bond  issue  for  the  con- 
struction of  a  sewer  in  Mississippi  ancl  other 
streets  in  the  southern  part  of  the  city.  The 
sewer  will  be  egg  shaped  56x7S  in.  in  size 
and  will  probably  be  constructed  of  concrete. 
George  Bradish  is  City  Engineer. 

Kenosha,  Wis. — City  engineer  has  com- 
pleted  plans   for  a   trunk   sewer. 

Water  Supply. 

Items  Arranged  Alphabetically  by  States. 

Jacksonville,  Ala. — Citizens  have  started  a 
movement   to   secure   better  water   supply. 

San  Diego,  Cal. — .\.  G.  Crowell,  City  En- 
gineer, has  been  working  on  plans  and  speci- 
fications for  the  reconstruction  of  the  lower 
Point  Loma  reservoir,  located  a  short  dis- 
tance   nortli    of    the    Theosothist    Homestead. 

Redwood  City,  Cal. — City  proposes  to  ex- 
pend about  $20,000  in  improving  its  water 
works. 

Pueblo,  Colo. — Summit  Reservoir  &  Ditch 
Co.  has  been  incorporated  with  a  capital 
stock  of  $50,ouO.  The  incorporators  are;  J. 
F.    Behell.   William  Peach   and  C.    C.   Knight. 

Pueblo,  Colo. — G.  E.  Studebaker,  Rocky- 
ford.  Colo.,  and  J.  E.  Bennell.  Ordway.  Colo., 
have  filed  plans  for  a  reservoir  and  ditch 
system  of  20  miles  to  be  located  south  of 
Fowler,  Colo.  The  work  will  cost  about 
«45.000. 

Manitou,  Colo. — Town  is  to  build  a  reser- 
voir in  connection  with  its  present  water 
■works. 

Palmetto,  Fla. — City  Bond  Trustees  are 
preparing  to  install  a  new  water  system  with 
pumping    station,    pipes   and    reservoirs. 

Tampa,  Fla. — Tampa  Water  Works  Co.  is 
to    extend   its   water   works    system. 

Jacksonville,  Fla. — City  Bond  Trustees  are 
considering  building  an  electric  pumping  sta- 
tion at  the  foot  of  Market  St.  to  supply  the 
new  12  in.   fire  main  on  Bay  St. 

Chester,  III. — D.  E.  Detrich  and  Charles 
Randall  have  purchased  the  water  works  sys- 
tem formerly  owned  by  the  late  J.  Shenck 
and  propose  to  extend  tlie  mnins. 

Kempton,  III. — Village  trustees  cuntempla'e 
installing  an  air  pressure  water  works  sys- 
tem. 


Charlotte,  la. — \\'ater  works  system  will 
soon   be   installed   here. 

Macomb,  III.— I.  H.  Jewell  of  Chicago.  111., 
has  reported  to  the  City  Council  on  the  cost 
of  putting  in  a  water  plant  at  Crooked  Creek. 

Silvls,  III. — Village  Board  has  passed  or- 
dinance for  the  laying  of  water  mains  and 
sewers  to  be  paid  for  \)y  special  assessment. 
H.    G.    Paddock.    Moline.    111.,    is   engineer. 

Brazil,  Ind, — City  Engineer  Fletcher  has 
been  instructed  to  extend  the  water  main  to 
the  new  factory  that  is  being  put  up  on  the 
east    Ridge    St. 

Atlantic  City,  N.  J.— City  Water  Depart- 
ment has  asked  Count\'  Freeholders  for  per- 
mission to  lay  a  new  48  in.  wood  stave  water 
main  on  the  right  of  way  of  the  Meadow 
Boulevard  and  .lonathana's  thoroughfare  at 
Chelsea  Heights. 

Catskill,  N.  Y.— Kniglit  &  Hopkins,  Engi- 
neers. Rome.  N.  Y..  have  prepared  prelim- 
inary plans  for  the  Potuck  Creek  giavit\' 
water  system   fm-  this  place. 

Carl  Junction,  Mo. — City  has  voted  a  $9,900 
bond  issue  f(.)r  installing  water  works. 

Niagara  Falls.  N.  Y.— W.  D.  Robbins,  City 
Engineer.  lias  submitted  to  the  water  com- 
mission his  plan  and  estimate  for  the  con- 
struction of  a   water   works   system. 

Machias,  N.  Y, — Machias  TVater  Supply  Co. 
has  been  incorporated  with  a  capital  stock  of 
$20,000.  The  incorporators  are  G.  N.  Cowan, 
John  Hunt.  I>.  J.  Davis  of  Delavan.  N.  Y. 

High  Point,  N.  C. — City  Council  has  de- 
cided to  bu,\'  new  filter  plant. 

Hamilton,  O. — Property  owners  on  Elm 
Ave.  ha\e  asked  for  the  e.xtension  of  water 
mains. 

Salem,  O.— City  Council  is  considering  ex- 
tending tile  water  main  on  Wilson  St. 

Kiowa,  Ckla.— City  has  voted  $38,000  of 
1  iinds  for  wjtter  works  construction. 

Salem,  Ore. — Mayor  Rodgers  is  urging  the 
installation  of  a  gravity  water  s.N'stem. 

Kadoka,  S.  Dak. — City  is  making  arrange- 
ments for  tlie  installing  of  a  water  works 
sj'stem. 

Crockett,  Tex. — City  has  voted  to  issiif 
bonds   for  constructing  water   works. 


TRADE  NOTES. 

Tlie  general  selling  agency  for  the  Hadsel 
mixer,  which  has  heretofore  been  held  by  the 
Keystone  Engineering  Co.,  has  been  trans- 
ferred to  the  makers  of  the  machine,  the 
Kingston  ilanufacturing  Co.  Mr.  P.  G.  Rim- 
mer.  of  the  Ke\"stone  Engineering  Co..  be- 
comes vice-president  and  general  manager  of 
sales  of  the  Kingston  Manufacturing  Co.. 
thus  bringing  the  manufactm-ing  and  mark- 
eting of  this  mixer  into  one  organization. 

The  Cyclone  Drill  Co.,  of  Orrville,  O..  has 
rented  offices  at  410  Fisher  Building.  Chicago. 
111.,  and  after  Feb.  1  will  have  a  Chicago 
office  at  that  location.  In  the  past  few  years 
the  Cyclone  Drill  Co.  has  secured  a  large 
portion  of  its  business  from  Chicago  from 
mining  properties  in  the  North  and  West. 
The  business  from  that  point  having  grown 
to  such  an  extent  it  was  recently  decided  to 
open  an  office  there  to  take  care  of  the  trade 
10  a  better  advantage  for  both  the  customers 
and  the  company.  Mr.  J.  F.  .\Iunn,  who  has 
had  charge  of  the  Core  Drill  r>et)artment  at 
the  factory  for  sev'eral  >"ears,  will  take 
charge  of  the  Chicago  office,  ilr.  R,  R.  San- 
derson will  succeed  Mr.  Munn  at  the  Orr- 
\  ille  office. 

The  southern  office  of  the  Minneapolis  Steel 
&  Machinery  Co.  has  been  moved  to  the 
New  Praetorian  Bldg..  Dallas,  Tex.,  where 
Mr.  J.  P.  Greenwood,  southern  representa- 
tive, will  handle  the  Te.xas  business  of  the 
t  nmpany. 

The  Lackawanna  Steel  Co.  .has  moved  its 
Buffalo.  N.  Y.,  office  from  the  Ellicott  Sq. 
bldg..   to  the  Fidelity  Bldg. 

Gulich-Henderson  &  Co.,  inspecting  engi- 
neeis.  formerlj-  specialists  and  chemists,  with 
general  offices  in  Pittsburg.  Pa.,  have  opened 
a  western  office  and  laboratory  in  tlie  Man- 
iiattan  Bldg.,  Chicago.  Mr.  W.  O.  Collins,  a 
new  member  of  the  firm,  will  be  in  cliarge. 
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THE 
REW  YORK  CONTIBEflTAL  JEWELL  ^ 
FILTRATION  COMPANY 

FILTERS 


General  Contractors 

CHtCAGO  NEW  YORK 


THE  JOHNSON 

Well  Screen 

All  sizes.    Brass.   Large  Capacity. 

Non-choking      Used  everywhere 

Write  for  Booklet  "EC 

E.  E.  JOHNSON.         St,  Paul,  Minn. 


Nature  Adorned 

Laying  out  of  Parks,  Beautifying  Municipalities 
and  Country  Seats.  Tree  Planting  Tree  Diseases 
Treated.  Write  For  Particulars. 

F,    R.    MEIER,    Consulting    Forester 

1  Broadway.  NEW  YORK 


YOUNG  eS@£^S 


I  ENOIN'EERINO  MINING  AND 
SURVirnXO  INSTRUMEJ 


PHILADELPHIA 


W.  <a  L.   E.   GURLEY 

TROY,  NEW  YORK 

Manufacturers  of 
Civil     Engineers'    and    Surveyors' 

INSTRUMENTS 

Catalogue  and   detailed   information   on  request 


Tracklayin^  by  Machinery 

SIMPLE— RAPID— ECONOMICAL 

D.  F.  HOLMAN 

RAILWAY  TRACKLAYER   COMPANY 

1718  Railway  Exchange,  Chicago 


BEST  EXTENSIBLE  TRENCHING  BRACE  MADE 

F'DRY.  a  MACHINE   CQ 


KALAMAZOO! 


MICHiaAN 


S98    CAST    WAIN    ST. 


Jnmiary  20.   H)Ot). 
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DREDGE  WORK. 

I-ognn.  lona 
Bids  will  b«  rtcelvml  by  the  Auditor  of 
llarrlaon  Coiinly  at  Logan.  Iowa,  up  to 
I"  a.  in.  Felirunry  lOth.  for  the  dniljce 
work  on  the  Boyer  River  Improvenienl 
l>ltch,  In  said  county.  The  ditch  la  t.SS 
inllea  long  and  the  excavation  ainountu  to 
311.000  cubic  yards  Construction  work 
10  commence  on  or  before  April  1;.  I90f<. 
ind  he  t-onipleted  by  January  1.  1910 
For  copies  of  speclllcn lions  contract  anil 
Jiher   infurninllon   npply   to 

G     W.    ATKINS     Auditor 

Logan.    Iowa 
Or   to  SKTH   DICAN.   runs.    lOiiRlneer. 
Ml.ssourl    Valley.    Iowa. 


PROPOSALS      FOR      A      SEWER 

SYSTEM   AND   PUMPING 

PLANT. 

Iliitil    St      L.>ui.s.    III..    .Ian     II.    IStld 

I'n.iiosals  will  be  received  by  the  Board 
iif  I^ical  Iniiirovements  of  the  City  of 
Kast  SI.  Louis.  III.,  until  12  ncloL-k  noon 
February  IT.  i;"i)!i.  for  the  i-mstructlon  nf 
a  s.vstem  of  ci^nt-rete  anil  litie  sewers  and 
a  sewage  pumping  .station  as  fallows: 

One  pumping  station  building  and  ai  - 
piirt.nances. 

Five  drainage  and  two  sewage  pumpirg 
engines  to  be  vertical,  single-acting  gas 
engines,  dirert  i-  mnected  In  liorizontal 
shaft  centrifugal  pumps. 

o^.'iOO  linear  feet  of  sewers,  varying  In 
diameter  from  3   to   ID?,*   feet. 

The  work  will  be  raid  for  In  cash  or 
bonds.  Speciticatlons.  plans,  form  of  pro- 
posal and  other  information  may  be  ob- 
tained from  the  engineer  of  said  city  upon 
a    deposit    of   13. 

\v    .r    cnnrKKN.  ntv  nr'u-in.-.i 


WATER-WORKS. 

WKhllu.  Kan 
Settled  prii|H>HalH  ulll  Im-  received  at  the 
otnee  of  the  t.'lly  Clerk  until  7:30  o'clock 
p.  m..  .March  1.^.  1909.  for  the  eunstrur- 
llon  of  a  water-works  Kvsti-m  for  the  City 
i.f  Wlihlia.  Kan  All  work  and  nuiterlal 
to    be    done    and    NU|>plled    aicnrdlng      to 

plans  and  MpeelilialluiiH  nn   Mb-  In   il f- 

Ilce  of  the  city  Clerk  All  work  to  U- 
done  under  the  dlrectlnn  and  supervision 
of  a  special  engineer  to  be  employed  by 
the  city.  The  work  will  be  paid  for  In 
cash  or  four  and  one-half  per  cent,  twen- 
ty-year bonds,  at  the  option  of  the  ilty. 
Plans  and  specifications  were  prepared  by 
Kngineer  Minim  Phillips  of  .St.  I..nuls. 
loiiy  of  whlcli  may  be  obtained  by  ap- 
I  lying  to  the  (."ity  Clerk  upon  deposit  of 
Iwenty-tUe    (IS5.00)    dollars. 

The  estimated  cost  of  the  above  Im- 
provement Is  approximately  $860,000.  .Ml 
bidders  will  be  rciiulred  to  enclose  certl- 
lled  check  in  the  sum  of  JIO.OOO.  as  a 
gtiaiantee  of  good  faith.  The  .Mayor  and 
Council  reserve  the  right  to  reject  any 
and  all   bids. 

l;     N     I'l  )HH.  city  Cl.Tk 


FOKT  .MYKR.  VA..  .lanuarv  11.  I'JOO. 
.Sealed  proposals  In  triplicate  will  be  re- 
leived  at  the  otllce  of  the  Constructing 
Quartermaster,  until  II  o'clock  a.  m.. 
Feiiruary  9.  1909.  and  then  opened  for  the 
construction  of  a  Band  Stable  at  Fort 
.Myer.  Va.  Certified  check  or  Surety 
Com|:any's  guarantee  for  10  per  cent  of 
the  amount  must  accompanv  each  hid. 
Plans  and  speilfications  will  be  furnished 
upon  application  accompanied  by  a  de- 
posit of  J.'i.Urt  to  insure  safe  return.  The 
government  reserves  the  right  to  reject 
any  or  all  bids.  Propo.siils  should  be  In- 
dor.sed  "Proposals  for  Band  Stables."  and 
addie.s.seil  to  C.XPT.MX  B.  B.  HVKR 
'  '''list rurt 111'.;  Quarlermast.-r. 


WATER    MAINS,    STEEL    TANK, 
PUMPING  STATION.  ETC. 

MiM'.i.    .V',     imk. 
The  City   Auilllor  of   the  City   of  MInoi. 
No.  I»nk..  will  Twelve  Idds  on  the  4lh  day 
of  February  for  the  construction  of  a  con- 
crete   and    brick    pumping    station     e«tn. 
plete    with    (lumps,    niters,    etc 
water   tower  and    tank,   and  ab 
itli    mills  of   nuilns  from  C   tn    :•.   n..  r, 
K     S     SKVKKANCK.    City    Kngineer. 

STREET  PAVING. 

I  ll>  lll|ii.t       i\  ;iHli 

Bids    will    be    received    by    the    City    of 
olympla.    Wash.,    until    :>    v     i"       >■'.  i.     i 
1909.   for  constructing  alx. 
yarda  of  vitrified  brick  or 
block    pavement.     11,500    s<|uure    yards    of 
concrete    sideivalks.    13.000    lineal    f<-el    of 
concrete    curb.     Work    to    begin    May     1. 
1909. 

I   n.  ijkvkr.  cuv  i-hik 
CONCRETE  RESERVOIR. 

.V.  .V  1  .  .Miiin. 
Hldi*  will  Im-  iiceived  by  tile  t.'ity  Clerk. 
New  rim.  Minn.,  up  to  a  p.  m..  Feb.  15. 
for  constructing  a  covered  relnfuned  con- 
crete reservoir  of  I.OOO.oiio  gallons  apac- 
Ity  for  till-  I'ity  if  .New   I'lm.    .Minn. 

KRN.sT     \V1<'1||-:|{SK1.     CHy    Clerk. 


KKY  WEST.  FLORIDA.  Sealed  pro- 
posals in  duplicate  will  be  received  by 
the  undersigned  until  11  a  m  February 
.1.  1909.  and  then  publicly  opened  for 
furnishing  a  condenser,  filter  f-  •  .1  w.it.r 
heater,  etc.:   also  for  remi'-:         _  . 

and    distilling    plant    at     K 
racks.    Fla.      Plans    and    si 
request.       Proposals     shoul'J     b'_     ijuiiki-J 
"Proposals      for      pumping      plant"      and 
aililrcssed    to    CAPTAI.N    C.     H.    LANZA. 
•.'i:arterma»Ier      Key    West.     Florida 


The  American  Metal  Hose  Co. 

173. 177  Lafayette  Street.  NEW   YORK 

Using  Metal    Hose  Means  Saving  Money 


.NkH  \  V,  f^i     1     I     1      Iff 


Flexible    Metal      Hose    for    Highest    Pressures 

I'or    Pile    Drivers.  .\ir    and    Steam    Drills.    Suction.    Oil,    Steam,    etc. 


Ir   liif  the  l*oi.kct 

IB 

The  Man  Drew  the  Blast 

Ip'in  tlic  liolcbccaiis^  nt  ;i  misfire 
from  a  defective  exploder.     With 
tlie  Blaster's  Friend  this  defective 
exploder  would   have   been    dis- 
covered before  it  was  used,  thn^ 
siiving  both  time  and  money. 

Let  us  quote  you  prices  on  ex- 
plosives, thawing  kettles,  bl.ii'ing 
machines,  caps,  fuse,  exploders 
and  other  supplies. 

SkM)    Fok    Rui.i.KTIN    Iv 

New  York  Blasting  Supply  Co. 

11    Broadway             NKW   YORK 

.■\  Stnctly  Indcpeii'lrnt  ».'"ik.  rti 

I'ricc.  $7.IM»  Oclivirrui 

1 

1 

^^IL                   5^^^^^^^I 

usi;    Till; 

^^^^^lui^^^^^^^^^^l 

"Blaw  System" 

1 

V^^^l 

for  centering   your 

1 

r   ^ 

concrete  structures 

\\  KITE   FOR  CaTALOC. 

1 

mm              ^M 

BLAW  COLLAPSIBLE 

m 

STEEL  CENTERING  CO. 

fi 

E^^K^^Ha  ^ 

Ocneral  0(nc<«.  WroUntlioiur  IlliU  , 

m 

^^^^^^^^^M 

prrrsBURc,  pa 

Ni  «  ^      ►.  ■ '                     -t.  it.'W  iiuiiiiine 

-it 

nil  t 

1  '  i:  Hind  Bl»w Center,  iwec 

-    iikvrwwiT.  niniwliiB  r'Hi- 
i(i"f  lilviTt.  I'riri'A  llurlty. 
iiMtnirtiin*    .Xi-iil.'i,  Ohio. 

RUBBERHIDE 

Rubber  Boots   with   sewed    ROCK   0.\K  Leather  Soles 

For Hnrtl  Wet  Work. 

ririiKiiiciU  ly  u.itcrti^hl. 

Outwear  two  lo  five  pairs 
of  KcKukr  Rubber  Boui.s. 

Can  lie   Kciolcd 

by  any  cnl'Mcf  .-uil   i-  't  leak. 

Quality  Uuarantccd. 
SitN'i)  roK  Cataloc.Fchtmrk 

I.SFORUATIo.s'.    I'klCKi.     Etc. 

I)r<k    rC,   in   i:uc<    S4rer«, 

llOSrON.    VVSSM.MI  SITTS 


li.'l.    .-I.i   1  i'  ■'. 

Kl  lUiHRHIDr.   CO., 
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STREET  PAVING. 

Olympia.  Washington. 
Bids  will  be  received  by  the  City  of 
Olympia,  Wash.,  until  5  p.  m.,  Feb.  1, 
1909.  for  constructing  about  6,000  sq.  yds. 
of  vitrified  brick  or  creosoted  wood  block 
pavement.  Work  to  begin  May  1,  1909. 
JAMES  R.  DERER,  City  Clerk. 


u.  s.  enginee:r  office.  Wilming- 
ton. N.  C.  DECEMBER  30.  190S. 
Sealed  proposals  for  constructing  steel 
draw-span  highway  bridge  with  pile  and 
concrete  foundations,  on  Core  Creek, 
near  Beaufort.  N.  C.  will  be  received  at 
this  office  until  12  o'clock  noon,  standard 
time,  January  30.  1909,  and  then  public- 
ly opened.  Information  on  application. 
EARL  I.    BROWN,   Capt.   Engrs. 


PROPOSALS  FOR  CONSTRUCTION  Ol' 
barracks  and  quarters,  and  plumbing  and 
heating  and  electric  wiring  same.  War 
Department,  oflice  of  the  Constructing 
Quartermaster,  New  London,  Conn.,  No- 
vember 28,  190S.  Sealed  proposals 
tor  constructing  one  double  barrack, 
one  single  barrack.  two  field  offi- 
cers' quarters.  one  four-set  officers' 
quarters,  two  lieutenants'  quarters, 
three  double  non-commissioned  officers' 
quarters,  and  one  double  firemen's  quar- 
ters, at  Fort  Terry  (Plum  Island).  New 
York,  and  two  double  barracks,  two  field 
officers'  quarters,  four  lieutenants'  quar- 
ters, two  double  non-commissioned  offi- 
cers' quarters,  and  two  double  firemen's 
quarters,  at  Fort  H.  G.  Wright  (Fisher's 
Island),  New  York,  and  for  plumbing, 
electric  v/iring  and  installing  heating 
plants  in  same  will  be  received  here  un- 
til 10  a.  m.,  Feb,  10,  1909,  and  then 
opened.  Proposals  are  desired  for  brick 
construction  of  all  buildings  and  for  re- 
inforced concrete  construction  on  bidders' 
plans  of  barracks  and  non-commissioned 
officers'  and  firemen's  quarters.  Infor- 
mation furnished  on  application.  En- 
velopes containing  proposals  should  be 
endorsed:  "Proposals  tor  Public  Build- 
ings." and  addressed:  "R.  M.  Schofleld. 
Major.  Q.  M.,  Constructing  Quartermas- 
ter,  New  London,  Conn." 


COURT  HOUSE. 

Omaha.  Neb. 
Notice  is  hereby  given  that  the  Board 
of  County  Commissioners  for  the  County 
of  Douglas  and  State  of  Nebraska  will 
receive  bids  for  the  construction  of  a 
Court  House  for  Douglas  County,  accord- 
ing to  the  plans  and  specifications  on  file 
in  the  office  of  the  County  Clerk  of  said 
county.  Bids  will  be  addressed  to  D.  M. 
Haverly,  County  Clerk,  enclosed  and 
sealed  in  properly  endorsed  envelopes, 
and  filed  with  him  not  later  than  March  1, 
1909,  at  12  o'clock  noon,  at  which  time 
said  bids  will  be  opened. 

Copies  of  the  plans  and  specifications 
can  be  obtained  from  the  undersigned  or 
from  the  Architect.  John  Latenser,  632 
Bee  Building.  Omaha  upon  application. 
A  certified  check  for  $50.00  must  accom- 
pany all  applications  for  plans,  as  a 
guarantee  that  bids  will  be  submitted  on 
the  same,  the  check  to  be  returned  when 
the  bids  are  opened. 

All  bids  must  be  submitted  on  blank 
proposals,  which  will  be  furnisiied  on 
application  by  the  County  Clerk,  or  John 
Latenser,  Architect. 

Samples  of  stone  and  granite  upon 
which  bids  are  based  must  accompany 
each  bid. 

Each  bidder  must  submit  with  his  pro- 
posal a  certified  check  in  a  sum  equal  to 
3  per  cent  of  such  proposal,  the  same  to 
be  drawn  in  favor  of  the  Board  of  Coun- 
ty Commissioners  of  Douglas  County, 
Nebraska. 

The  Board  of  County  Commissioners 
reserves  the  right  to  reject  any  and  all 
bids.  D.     M.     HAVERLY. 

County   Clerk.   Omaha,    Neb. 


OFFICE  CONSTRUCTING  QUARTER- 
MASTER. FORT  LEAVENWORTH, 
KANSAS,  DECEMBER  28,  1908.  Sealed 
proposals,  in  triplicate,  will  be  received 
here  until  11:00  a.  m..  Central  time.  Jan- 
uary 27,  1909,  and  then  opened  for  con- 
structing a  storehouse  for  Officers'  Prop- 
erty, etc..  at  Fort  Leavenworth.  Kansas. 
Full  information  and  blank  forms  of  pro- 
posal furnished  on  application  to  this 
office.  Plans  and  specifications  may  be 
seen  at  this  office,  the  office  of  Chief 
Quartermaster.  Department  of  the  Mis- 
souri, Omaha  and  Master  Builders 
Exchange.  Kansas  City,  Mo.  United 
States  reserves  the  right  to  accept  or 
reject  any  or  all  proposals,  or  any  part 
thereof.  Envelopes  to  be  endorsed  "Pro- 
posals for  Public  Buildings,"  and 
addressed  to  CAPTAIN  WM,  D.  DAVIS. 
Quai'termaster. 


WANTED— 

you  to  know  THE  VELTEN  UNI- 
VERSAL CRUSHER  is  the  only 
machine  -which  will  reduce  the  hard- 
est ROCK  and  GRAVEL,  instan- 
taneously, to  any  fineness  according 
to  your  wishes.  It  can  be  adjusted 
without  stopping  your  machinery;  is 
very  simple  in  construction;  less 
po-wer  and  less  repairs  are  required 
for  maintainance  expense,  and  the 
least  cost  of  any  machine  in  the 
market.  Prices  range  from  $30  up. 
Investigate  and  you  'will  be  pleased 
Address  the 
UNTVBRSAL  STONE  CRUSHER  CO.. 
Cedar  Rapids,  Iowa. 


Will  Stand  Any  Climate 


Otir  Asphalt  Ready  Roofing  will  not 
crack  in  cold  weather,  or  run  in  hot 
weather,  as  it  is  made  from  Trinidad 
pure  asphalt  and  not  coal  tar.  It  is  as 
durable  in  the  torrid  zone  as  it  is  in 
Alaska.  It  is  always  ready  to  be  put  on 
by  any  unskilled  person.  Full  directions 
are  given  in  our  catalog  how  to  place  it 
on  the  roof.  There  is  no  need  f  tell 
how  to  maintain  it,  as  it  require*  no 
further  attention  after  it  is  once  laid. 
SEND  FOR- CATALOG. 


Acme  Asphalt  Roofing  Mfg.  Co. 


65=75  Mallory  Avenue 


Jersey  City,  N.  J. 


THE  JOURNAL 

OF 

WESTERN  SOCIETY  OF  ENGINEERS 

Is  a  high  grade  bi-monthly  illustrated  magazine  of  about  one 
hundred  pages  in  each  number,  and  contains  the  original 
papers  of  engineering  interest  that  have  been  presented  to 
the  society,  with  the  discussion  of  the  same.  These  papers 
treat  of  subjects  in  all  lines  of  engineering,  are  well  illustrated 
and  should  be  of  value  to  engineers,  chemists,  s.::ientific  and 
business  men  everywhere. 

The  Subscription  Price  is  $3.00  a  Year 

The  circulation  is  about  1,500  copies  of  each  issue,  six  times  a  year. 
The  Journal  i-^  a  valuable  advertising  medium,  as  it  goes  pU  over  the  world 
and  to  a  high  class  of  technical  readers.     Advertisements,  if  of  interest 
to  engineers,  may  be  published  in  the  Journal. 
For  rates  or  other  information  concerning  the  Journal  of  the  Western 
Society  nt  Engineer^   address  or  call  upon  the  Secretary,   1737  jnonadaock 
Block,  Chicago. 


15  Mins.  in  Mot  Paint 
Gives  Life  of  IS  Yrs, 

This  photograph  shows  raih"oad  ties  of  south- 
em  pine  that  were  immersed  15  minutes  in 
hot  paint  made  by  this  company.  After  nine 
years  service  the  ties  are  as  sound  as  the 
day  they  -were  treated,  -which  means  that, 
at  worst,  they  will  have  a  life   of   not   less 


than  15  years.  The  paint  contains  a  germi- 
cide that  is  death  not  only  to  the  fungus  of 
rot  but  to  teredos  and  all  forms  of  timber 
parasites.  No  engineer  who  is  concerned 
with  the  preservation  of  ties,  piles,  fences, 
telegraph  and  telephone  poles,  nr  bridge 
timbers,  can  offord  not  to  send  for  our  cata- 
log at  once  and  investigate  this  paint. 

The  Teredo=Proof   Paint  Company 

17  Battery  Place,  New  York 
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The  General  Fireproofing  Co. 

Youngstown,  Ohio 

invites  correspondence  with  responsible  eny^ineerin^  or^ani/.ations  who  desire   to 

be  considered  in  connection  u  ith  an 

Exclusive  Agency  in  Chicago 

for  the  most  complete  line  of  concrete  reinforcement  on  the  market. 


Here  are  the  Materials  We  Offer: 


HERRINGBONE  TRUSSED  BAR  USED  AS  A  GIRDER  FRAME. 
Mild  or  High  Carbon  Steel. 


SQUARE  LUG  BAR 
Rolled  from  Mild  cr  High  Carbon  Stetl. 


♦ 


n 


%{ 


TRUSSIT 
Self-centering  Reinforcement  for  Roofs. 
Curtain  Walls  and  Partitions. 


PIN-CONNECTED  GIRDER  FRAME. 


Section   At    Center. 

HERRINGBONE 
TRUSSED   BAR 


EXPANDED  METAL 
We  produce  every  mesh  and  gage. 
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The  Cincinnati 
Frog  &  Switcli  Co. 

CINCINNATI,  OHIO 

Manufacturers  of 

Frogs,  Crossings,  Switches, 
Switch  Stands,  Rail  Braces, 

And  special  track  work  of  every 
description  for  Railroads,  Mines, 
Mills,  Contractors,   Plantations. 


FOR    SALE 

400  Tons  New  Steel  Channels 

lo  inches,  33  pounds.  30  feet  long 

We    have   the    clamps   for    converting 

them  into  steel  sheeting. 

Price  Way  Below  Mills. 

WALTER    k.    ZELNICKER    SUPPLY    CO..    In  ST.  LOUIS 


Steam  Shovels,  Locomotives, 
Cars,  etc. 

Contractors'  and  Railway  Equipment 

Telegraph,  Telephone  or  Wnte  Ua. 

A.  C.TORBERT&  CO. 

647-548  Monadnock  Block  CHICAGa 


FROGS.  SWITCHES,  CROSSINGS 

Stands  and  Portable  Track  for  all  weights  of 
rail  for  i^uarries.  Mines,  G>al  Tipples,  Indus^ 
trial  Plants  and  Contractors'  use. 


THE  INDIANAPOLIS  SWITCB  &  FROG  CO. 


SPRIIVGFIELD,   OHIO 


LOCOMOTIVES 

Eight  9x14  saddle  tank  36-inek 
gauge.  Also  lighter  and  heavier 
locomotives.  Have  165  loco- 
motives from  6  to  70  tons  ia 
stock  in  our  shops. 

Also  Steam  Shovels 

Southern  Iron  &  Equipment  Co. 

ATLANTA,  QA. 


Largest  Dealers  in  Rebuilt 
Equipment  in  United  States 

EAST  WORKS 
New  Freight  and  Passenger  Cars 

WEST  WORKS 
Rebuilt  Coaches,  Cars  and  Engines 

Hicks  Locomotive  &  Gar  Worlcs 


General  Offices 
Chicago  Heights, 
Illinois 


Sales  Dept. 

Fishei  Building, 

Chicago,  111. 


"CONTINENTAL 

DUMP     CARS 


9$ 


IJ  to  I'll  lulu.    W.-.^i 
any  (.juage. 


lacitjr. 


Continental  Car&  EqaipmentCo..(i9t,> 

17  Battery  Place,  New  York 
Highland  Park,  Louisville,  Ky. 


TT7HICH  appeals  to  you  most,  idle  plant  or 
money  in  the  bank  ?  You  would  not 
have  idle  plant  had  you  been  dealing  with  us 
before  your  purchase.  Are  you  sure  the  plant 
you  have  will  meet  all  the  requirements  of  your 
next  piece  of  work?  Is  it  not  very  probable 
that  you  may  use  it  to  a  disadvantage  simply 
because  you  are  loathe  to  invest  more  money, 
which  in  turn  will  be  idle  next  year?  Our 
method  should  appeal  to  you.  We  have  con- 
tractors' equipment  of  all  kinds.  It  will  fit  all 
the  conditions  exactly.  You  can  rent  just  what 
you  can  use.  Every  piece  of  equipment  you 
are  paying  rental  on  is  earning  you  something. 
Remember  nothing  is  lying  idle  and  you  have 
no  money  invested. 


Contractors 


Have 

you 

Idle 

plant? 


Write,  Wire  or  Call 


UNITED    STATES    EQUIPMENT    COMPANY 

FISHER    BUILDING,    CHICAGO,    ILL. 
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GAS      PRODUCER       AND      GAS 
ENGINE    ELECTRIC   LIGHT- 
ING   PLANT. 

.Milwaukee.    Wis..    Jan.    6.    1S09. 

Seaird  prL>po8als  will  be  recelvcil  at  this 
oltlce  until  W.-dne»il«y.  Feb.  IT.  1»09.  at 
lu:3U  o'l'ICH'k  u.  m..  for  furnlslilng  and 
erecting  i-oniplete  In  running  order  ready 
for  use.  In  bulldlnKS  and  on  fuundatlona 
to  be  furnished  by  the  city  of  Milwaukee, 
all  the  machinery  and  appurtenanci-s 
thereto,  necessary  to  make  a  complete  In- 
stallation of  n  Kas  producer  and  a  gas 
engine  electric  lighting  plant,  said  plan! 
to  t>e  located  on  blocks  70  and  95.  on  the 
corner  of  Walker  and  Davidson  streets. 
In  the  Fifth  ward  of  the  city  of  .Milwau- 
kee, according  to  plans  and  specincatlons 
(dated  Dec.  S*.  1908)  on  tile  In  this  office. 

Work  to  be  completed  within  ten 
months  from  the  date  of  the  award  of 
(he  contract,  falling  In  which  the  con- 
tractor shall  pay  to  the  city  of  Milwau- 
kee as  itnuidated  damages  the  sum  of 
J750  per  day  for  each  and  every  day's 
ilelay  In  completing  the  work. 

Bonds  to  accompany  bids  required  In 
tlie  penal  sum  of  $4.'>.000.  or  In  lieu  there- 
of the  bidder  inay  deposit  with  the  board 
of  public  works  the  sum  of  $22,.=i00  in 
money  or  certified  bank  check. 

In  case  bonds  are  submitted  with  bids, 
local  bondsmen  or  a  surety  company  au- 
thorized to  do  business  in  the  state  of 
Wisconsin  will  be  required. 

.\ll  moneys  deposited  will  be  returned 
to  unsuccessful  bidders  on  award  of  con- 
tract and  to  successful  bidder  when  con- 
tract is  entered  Into. 

Plans  and  specifications  will  be  fur- 
nished to  prospective  bidders  on  the  re- 
ceipt of  $25  as  a  guarantee  for  their  safe 
return. 

CHARLF:S   J.    POETSCH. 
J.    P.   SHERER. 
L.   A.   .lANSEX. 
A.    J.    GRl'ND.MAN. 
Commissioners  of   Public  Works. 

AI'OfST  M.  CAWIN.  Comptmller 


PAVING. 

.Moorehead.  Minn. 

Sealed  proposals  will  be  received  until 
8  p.  m..  Feb.  1,  1909.  at  the  office  of  the 
City  Clerk,  for  the  construction  of  pave- 
ment according  to  plans  and  specifications 
therefor.  Plans  and  specifications  are  on 
file  and  may  be  seen  at  the  office  of  the 
City  Clerk.   .Moorhead.  Minn. 

Bids  will  be  submitted  to  the  City 
Council  and  opened  at  a  council  meeting 
to  be  held  at  the  City  Hall  at  8  p.  m.. 
Feb.  1,  1909. 

Propcsals  will  bo  received  made  out  on 
blank  forms  furnished  by  the  city  through 
Its  Engineer.  Mr.  A.  M.  Hopeman. 

Each  hid  must  be  accompanied  by  a 
properly  certified  check  upon  any  reput- 
able liank  In  the  state  of  Minnesota,  In 
the  sum  of  at  least  10  per  cent  of  the 
amount  bid.  and  made  payable  uncondi- 
tionally to  the  order  of  Mr.  O.  C.  Beck. 
City  Treasurer,  as  a  guarantee  that  the 
successful  bidder  will  enter  into  a  con- 
tract with  the  City  of  Moorhead  In  ac- 
lordanec  with  the  plans  and  specifications 
and  price  hid,  and  furnish  a  .•<atlsfactor>- 
bond  In  a  sum  equal  In  50  per  rent  of  the 
total  amount  of  the  bid.  for  the  faithful 
performance    of    the    contract. 

The  right  Is  hereby  reserved  by  the 
City  of  Moorhead  to  reject  any  or  all  bids 
or  any  part  of  any  bid. 

By  order  of  the  City  Council. 

H.    E.    ROBERTS.    City    Clerk. 


WATER  METERS. 

Jamehtowii,    No.    Dak. 
Bids  wanted  for  the  furnishing  of  met- 
ers   for   the   water   system   of    the   city   of 
JanK'Stiiwn.  No.  Dak..  In  lots  of  25  and  50. 
The    city    re«er>-e«    the    right    to    reject 
any  and  all   bids.     All  bids  must   be  filed 
In  the  ottlcc  of  the  undersigned  not  later 
than   3  o'clock   .Monday,    February   1.   1909. 
G.    E.    LY.MAN,   City   Auditor 

COLLEGE    BUILDING. 

Ames.   Iowa 

SealiM  proposals  will  be  received  at 
the  office  of  the  Secretary  of  the  Board 
of  Trustees  of  the  Iowa  State  College. 
Ames.  Iowa,  until  two  o'clock  p.  m..  Jan- 
uary 28.  1909.  for  the  erection  and  com- 
pletion of  a  two-story  Annex  for  the 
Engineering  Department,  plans  and  spe- 
cifications for  which  may  be  seen  at  the 
office  of  the  Secretary  at  the  College  and 
at  the  office  of  Proudfoot  &  Bird.  Archi- 
tects. No.  625  Flynn  Building,  De« 
Moines.    Iowa. 

Bids  will  be  received  for  the  building 
complete  except  heating,  plumbing  and 
electric   work. 

Bond.  50  per  cent  of  the  contract  price : 
certified  check,  3  per  cent  of  the  amount 
of  the   bid. 

The  right  Is  reserved  to  reject  any  or 
all  bids  and  to  waive  defects. in  any  bid 
If  It  be  deemed  to  the  Interest  of  the 
College  so  to  do. 

By  order  of  the  Board  of  Trustees. 

E.    W.    STANTON.    Secretary. 

WATER-WORKS. 

Hugo.   Oklalionia.  Jan.   Sth.   1909. 

Notice  is  hereby  given  that  the  City 
Council  of  Hugo.  Oklahoma,  will,  until 
8  p.  m..  February  2d.  1909,  receive  bids 
at  the  City  Clerk's  office,  to  furnish  ma- 
terials, tools  and  labor  for  the  construc- 
tion of  a  water-works  plant  for  Hugo. 
Oklahoma,  according  to  plans  and  speci- 
fications on  file  with  the  City  Clerk,  and 
also  in  the  office  of  Hiram  Phillips,  St. 
I.ouls.    Missouri. 

The  magnitude  of  the  work  to  be  done 
is   about   as  follows: 

One  brick  Power  House. 

One  3-milllon  gallon  concrete  reservoir. 

Two   150  H.   P.   tubular  boilers. 

Two   2-mllllon   gallons   pumps,    each. 

Two  800  cu.  ft.  Air  Compressors  each. 

4.185  ft.   \i"  cast  Iron  pipe. 

1.790  ft.   12"  cast  Iron  pipe. 

1,610    ft.    10"   cast    Iron   pipe. 

5.510  ft.  8"  cast  Iron  pipe. 

55.485  ft.  6"  cast   Iron  pipe. 

14.365   ft.   4"  ca.st    Iron   pipe. 

135   Fire  Hydrants. 

Two  14"  valves. 

One  12"  valve. 

One  10"  valve. 

Seven  8"  valves. 

Forty-five  6"  valves. 

Twenty-two  4"  valves. 

700    Water    Meters. 

Material    for    700   House   Connections. 

Bids  must  be  made  upon  blanks  fur- 
nished by  City  Clerk,  which  will  be  fur 
nished    upon   application. 

A  set  of  blue  prints  and  specifications 
will  be  furnished  by  the  Council  upon  re- 
ceipt of  $3.00,  which  will  be  refunded 
upon  receipt  of  bid  and  return  of  plans 
and    specifications. 

The  Council  reserves  the  right  to  re- 
ject any  or  ail  bids. 

A  deposit  of  STo  of  amount  of  bid 
must  accompany  bid. 

W.    L.    niBBS. 
Attest:  Acting   Mayor. 

W.    T.    ECHOLS.    Clerk. 


DRAINAGE     DITCHES    AND 
LEVEES. 

AiklniK.n,  111.,  Jan.  9.  IS'jS 
Sealed  pruiHimlls  will  be  received  by  llie 
Cummlsalonera  of  the  Drainage  Union 
District  Number  One  of  the  Towns  of  At- 
kinson and  Alba,  In  Hcnr>-  County.  lUl- 
noii.  until  Saturday,  the  ith  day  of  Feb- 
ruary, I'jo'j.  and  until  2  o'clock  p.  m.  of 
»uld   day.  at    which   tlin.  ■     ■     will  be 

publicly  opened  at  the  I.  House, 

located    on    the    soutliea-:     :    of    the 

Houthenat  quarter  of  Section  15,  In  Atkin- 
son Township,  Henry  County.  Illinois,  and 
within  the  Ujundarles  of  said  district. 
The  work  for  which  the  bids  are  desired 
consists  of  the  construction  of  41.2MO  feet 
of  open  ditches  with  a  total  estimated  ex- 
'-avatlon   of   163.30U  cub.  .d  3,400 

feet    of    levees    with   ai.  fill    of 

2.800    cubic  yards.     Spf  fur   the 

work  may  be  had  upon  to  the 

Engineer,  or  they   may    '.  .  Ith   the 

plat  and  profiles  at  the  oltice  of  the  Engi- 
neer or  Town  Clerk.  A  copy  of  the  plat 
and  profiles  may  l>e  procured  from  the 
Engineer  upon  the  luiyment  of  $1.00.  The 
place  of  letting  Is  two  miles  north  of  At- 
kinson, on  the  C.  R.  I.  &  P.  R.  R 
H     E     REEVES.    Engineer. 

.Atkinson.  III. 
HENRY  STELCK.   Attorney. 

Rock  Island,  HI. 
EDWARD   NOWERS.   Atkinson.    111. 
ANDREW    W.  ALLEN.    R    F.    D.    No.    S. 

Geneseo,  III.    ' 
JOHN  FRANKENREIDER  Annawan,  III. 
Commissioners    In   and    for   said    Dralnai;e 
District 


FOR  SALE 

Contractor's   Equipment 

'.t5-tuu  Huiyru.-^  (u^cii  innn's;  ^'.'.I'lm 
Little  Giant  Vulcan.  Traction; 

3  sets  engines        _        -        _      3,000 
li-yd.  Dipper,  Otis  -        -       1,500 

45-ton  Style  A  ^farion      -        -       2.500 

20  other  high-grade  steam  shovels: 
65  and  70-ton  Bucyrus,  $t5.(H)0  to  $7.5oO 
Model  60  .Marion       -        _        _      6,250 
9x14  Porter  Dinkies  -        -       1,700 

10x16  Dicksons  (new)  -  -  2,100 
10x16  Davenports    -        -        -       1,750 

STn\M[RO\D.  ROLLERS 

'  Xo.  5  McCuUy  (new),  and  Gates'  and 
.Austin  Crushers.  12-yd.  Secondrhand 
Western  and  Oliver  Dump  Cars;  ."V-yd. 
.Austin  Cars;  4-yd    K    &  J,  Cars,  etc. 

CAS^    TiiRMs  or  P\\Mr\T 

FRi:i)    A.    PF.CMl  \M 

IJOMO  (1ri.ll  \..rlliirn   RIdi:  i.lli>.  V(iO 


l-'oR  SALE 

ADDRESSOfiRAPH 

with    (1, ()()()    metal    plate 

holders,    cabinets,     etc. 

Xerirlv  new 

VERY     CHE.AP 

Add-rs*  Box  12  cArp  - 

ENGINEER  ING-CONTRACTIN 

3S5  Dearborn  Sinccl.  ChicAtfo 

30 
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WANTS 

XJndisplayed  Cards  under 
this    heading    cost    only 

One  Cent  a  Word 

Displayed  $1.00  an  Inch. 


POSITIONS  WANTED  —  Two  engineers, 
technical  men,  experts  in  highway,  sewer 
and  concrete  construction,  wish  partner 
with  plant.  Address  Box  85,  Engineering- 
Contracting,   355   Dearborn  St..    Chicago. 

WANTED— POSITION— Civil  engineer  who 
has  been  superintendent  on  sewer,  con- 
crete, highway  and  water  works  construc- 
tion wishes  position  with  engineer  or  con- 
tractor. Address  Bo.v  S3,  Engineering- 
Contracting,    355   Dearborn   St..   Chicago. 

2-lt 

WANTED — SITUATION — Young  man,  tech- 
nical graduate  from  first-class  university, 
desires  honorable  position  with  engineer  or 
construction  company.  Middle  or  north- 
west preferred.  Address  Box  74,  care  En- 
gineering-Contracting, 355  Dearborn  St., 
Chicago. 

WANTED— POSITION  as  chief  clerk  or  as- 
sistant superintendent.  Young  man  2S 
years  old.  Familiar  with  railway  con- 
struction, mining  and  quarrying.  Experi- 
ence in  the  states,  Canada  and  Newfound- 
land Can  give  best  of  references.  Address 
A.   L.   Jliller.  Safe  Harbor.  Penna.         2-3t 

WANTED— POSITION  as  chemist  or  chem- 
ical engineer  by  graduate  of  leading  tech- 
nical school.  Has  had  several  5'ears  of 
practical  experience  and  can  fill  respon- 
sible position.  Best  of  references.  Ad- 
dress Box  "P.  C"  care  Engineering-Con- 
tracting, 721  Park  Row  Bldg.,  New  York 
City.  17-tf 

WANTED  —  POSITION  with  contractor. 
Have  had  six  years'  experience  as  engi- 
neer, chiefly  on  railway  work.  Prefer  con- 
crete work;  location  not  important.  If 
there  is  a  vacancy  on  your  staff  let  me 
hear  from  you.  Address  Box  77,  care  of 
Engineering-Contracting,  355  Dearborn  St., 
Chicago.  27-2t 

WANTED— POSITION  —  Young  man,  28, 
graduate  in  civil  engineering  from  first- 
class  college,  desires  position  with  engi- 
neering company.  Four  years'  experience 
as  instructor  in  civil  engineering  in  two 
first-class  colleges.  Some  practical  experi- 
ence at  odd  times.  Address  Box  86,  care 
of  Engineering-Contracting,  355  Dearborn 
St..    Chicago.  2-2t 

WANTED— POSITION — Young  man,  for  sev- 
eral years  associated  with  large  corpora- 
tion as  chief  engineer's  assistant,  is  open 
for  engagement.  Experienced  in  maintain- 
anc6  and  construction  of  manufacturing 
plants.  Location  no  object.  Address  Box 
82,  Engineering-Contracting,  355  Dearborn 
St.,  Chicago.  l-2t 

WANTED— POSITION— Young  man.  23, 
wants  position  with  contracting  company 
with  idea  of  learning  work.  Do  not  care 
what  salary  is  to  start.  Graduate  civil 
engineer,  with  three  years'  experience  in 
paving,  sewer,  water  works  and  concrete 
construction.  Any  location.  Address  Box  76, 
care  of  Engineering-Contracting,  355  Dear- 
born   St.,   Chicago. 

WANTED— POSITION— Superintendent  with 
ten  years'  practical  experience  in  charge 
of  construction,  railroads,  power  plants, 
barge  canal,  foundations,  pile  and  sheet 
driving,  heavy  concrete  construction,  rock 
and  quarry  work,  up-to-date  stone  crush- 
ing, concrete  mixing,  steam  shovel  and 
derrick  plants,  open  for  engagement  Jan. 
1,  1909.  First-class  references  from  pres- 
ent employers.  New  York  or  Pennsylvania 
preferred.  Age  32.  Address  Box  73,  care 
of  Enginering-Contracting,  355  Dearborn 
St.,   Chicago. 

WANTED— POSITION  on  construction  or 
other  work  with  either  railroad,  manufac- 
turing or  construction  company  by  gradu- 
ate civil  engineer.  Four  years  experience 
on  various  construction  work,  two  years  as 
assistant  engineer  in  direct  charge  of 
heavy  railroad  construction.  Can  furnish 
best  of  recommendations  and  A-No. -1  ref- 
erences. Graduate  of  one  of  best  engineer- 
ing colleges  in  this  country.  Now  em- 
ployed, but  desire  to  better  my  position. 
No  promoting  schemes  or  drafting  jobs 
will  be  considered.  Address  Box  75.  care 
of  Engineering-Contracting.  355  Dearborn 
St.,  Chicago,  111. 


WANTS 

Undisplayed  Cards  under 
this   heading    cost   only 

One  Cent  a  Word 

Displayed  $1.00  an  Inch- 


FOR    SALE 
Cyclopedia    of    Architecture, 
Carpentry   and   Building 

A.  S,  C.     10  handsome  vols.     Good  as  new.  used 

but  little.      Will  sell  for  $12.00. 

"ANGLE,"  368  East  54th  Street.  CHICAGO 


WANTED  —  SECOND-HAND  TRANSIT 
AND  LEVEL..  Good  condition.  Must  be 
cheap.  Address  Box  89,  care  of  Engineer- 
ing-Contracting, 355  Dearborn  St.,  Chicago. 
111.  3-2t 

WANTED— POSITION— Graduate  civil  engi- 
neer.  27,  desires  position  on  municipal  work 
or  reinforced  concrete  construction.  Now 
employed,  but  prefer  better  location. 
Box  87,  care  of  Engineering-Contracting, 
355  Dearborn  St.,   Chicago.  2-5t 

WANTED— POSITION— Mechanical  and  civ- 
il engineer,  four  years'  experience  as  con- 
tractor's superintendent,  highway,  railroad 
and  building  construction,  wants  position. 
Address  Box  84,  Engineering-Contracting, 
355   Dearborn  St.,    Chicago. 

WANTED  —  POSITION  as  superintendent 
witti  contracting  or  engineering  firm  by 
man  who  has  liad  broad  experience  in  all 
sorts  of  foundation  work  and  general 
building  construction.  Address  "C.  P.," 
721  Park  Row   Bldg.,   New  York.  27-3t 

WANTED— SITUATION— Young  man,  tech- 
nical graduate  from  first-class  university, 
desires  honorable  position  with  engineer  or 
construction  company.  Middle  or  north- 
west preferred.  Address  Box  74,  care  En- 
gineering-Contracting, 355  Dearborn  St., 
Chicago.  3-4t 

W.^NTED- POSITION— E'ngineer  (married) 
wishes  change.  At  present  employed  on 
large  contract.  Good  reason  given.  South 
or  Southwest  preferred.  At  present  assis- 
tant engineer.  Address  Box  78,  care 
Engineering-Contracting,  355  Dearborn 
St.,    Chicago,    111.  1-tf 

WANTED — POSITION  —  Ornamental  iron 
draftsman,  broad  experience  high  grade 
work,  stairs,  elevator  enclosures,  bank 
interiors,  desires  change.  Permanent 
growing  position,  preferably  executive. 
Address  Box  79,  care  of  Engineering- 
Contracting.  355  Dearborn  St..  Chicago. 
III.  l-3t 

WANTED  POSITION— Graduate  civil  en- 
gineer, six  years'  experience  on  railway  lo- 
cation and  construction,  drainage  and  mu- 
nicipal work;  desires  position  as  instru- 
ment man,  draftsman  or  assistant  engi- 
neer. Write  for  references.  Address  Box  72, 
Engineering-Contracting.  355  Dearborn  St., 
Chicago. 

W.VXTED— POSITION  —  General  foreman 
wants  position.  Sewer,  paving,  plain  and 
reinforced  concrete  buildings,  culverts, 
sewers,  floors,  curb,  gutter,  and  granitoid 
walks.  No.  1  reference.  Can  measure,  lay 
out  and  figure  same.  Can  use  transit  and 
level.  Familiar  with  cost  of  above.  Ad- 
dress Box  SS,  care  of  Engineering-Con- 
tracting, 355  Dearborn  St..  Chicago.  111.  3-31 

WANTED — Civil  engineer  and  surveyor,  of- 
fice and  business  in  suburbs  of  Chicago, 
wisiies  to  associate  with  Chicago  engineer 
who  requires  an  assistant;  technical  grad- 
uate; experienced  in  municipal  work, 
street  paving,  sewer  construction,  land 
surveying,  railway  engineering  and  con- 
struction. Address  Box  71,  care  of  Engi- 
neering-Contracting, 355  Dearborn  St., 
Chicago.  23-4teow 

WANTED  —  POSITION  —  Graduate  Civil 
Engineer.  27;  now  employed;  prefers  posi- 
tion as  draftsman  or  as  assistant  in  rein- 
forced concrete  or  bridge  design.  Has 
completed  courses  in  mechanics,  strength 
of  materials,  hydraulics,  masonry  con- 
struction, graphic  statics,  reinforced  con- 
crete, roofs  and  bridges.  Experienced  in 
transit  work  and  general  office  drafting. 
Address  Box  81.  care  of  Engineering-Con- 
tracting, 355  Dearborn   St.,  Chicago.         l-2t 

WANTED— POSITION— Good  Roads  Super- 
intendent available  January  1.  1909.  Ten 
year's  practical  experience  in  charge  of 
brick,  macadam,  telford  macadam,  street 
paving,  wheelscraper  and  steam-shovel 
grading,  reinforced  concrete  bridges,  cul- 
verts, up-to-date  stone  crushing,  concrete 
mixing  plants  and  quarry  work  plants,  etc. 
First-class  references  from  present 
employers.  New  York  or  Pennsylvania 
preferred.  Age  32.  Address  Box  80,  care 
Engineering-Contracting,  355  Dearborn 
St..    Chicago,    111.  l-2t 


FOR  SALE 
Second  Hand 

DAVIS-CALYX  DRILL 

1000  ft.  capacity,  fine  shape.  Boiler,  mounted 
casing  pipe  and  1  ton  steel  shot  Outfit  located 
at  Goldfield  Nevada. 

J.  A.  GORDON,  Oxford,  New  York 


Standard  Plansfor  Highway  Bridges 
of  Reinforced  Concrete 

These  plans  give  complete  details,  bills  of  material,  etc. 
and  are  free  from  patented  ft-atures.  I  also  prepare 
special  plans  for  bridges  or  otlu-r  structures  at  reason- 
able rates  and  invite  correspondence  with  Contractors 
rpquirine  such  plan.'^  for  competitive  bidding,  etc 
WILBUR     J.     WATSON,    Member    Am.    Sec.    C.    E. 

Expert  Designer  and  Inspector  of  Bridges 
Citizens  Building  Cleveland  Ohio 


ADDRESSOQRAPH 

with  6,000  stencils,  cabinets,  etc. 

complete.    Nearly  new. 

VERY  CHEAP. 

<«Box  13"  care  o£  Engineering-Contraotlng 


Can  You  Control  $10,000 
or  Promote  a  Company? 

The  advertiser  has  a  proposition  in  contract- 
ing machinery  that  is  a  labor-saver  and  there 
is  absolutely  no  competition. 

The  machine  will  transfer  earth  as  gathered 
by  wheel  or  buck  scrapers  onto  wagons  at  a 
cost  of  two-thirds  of  a  cent  a  cu.  yd.  and  will 
eliminate  long  scraper  hauls  and  hand 
shoveling. 

Address  3338  17th  N.  W.,  Washington,  D.  C. 

2fi-4t 


STUDY  OUR 

CONCRETE 

COURSES 
Reinforced  Concrete   Design ;  Con- 
crete Construction  and  Contracting. 

Circular  Explains 

CONCRETE     ENGINEERING 


FOR  SALE 
75   second-hand 

WHEELBARROWS 

about  3  cu.  ft.   capacity. 
In  good  condition. 

AMERICAN   CONCRETE  STEEL  CO. 

"IS  Union  Building,  Newark.  N    J. 


laiuiary  27,   IQCX). 
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Prksident 
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SURSCRIPTIOS  RATES  (Payablf  in  Ailvance):— 
$2,00  a  yf^r  {6i  issnrs)  in  V nittd Stales.  Cuba.  Mex- 
ico. Alaska,  Hawaii,  Guam,  Porlo  Ktco,  PhilipMn^ 
Isiandi.  Ktpubiic  of  Panama,  Canal  Zon*  and  litand 
of  Tutuiia. 

$3,00  a  ytar  (B5  tssuts)  to  Dominion  of  Canada. 
$4  00  a  y*ar  {Sf  issues)  to  all  olhtr  countrits. 

ADVERTISIXG  RATES  sen:  on  applicatton. 
Copy  for  rrxular  advertisinR  must  be  received 
not  later  than  Friday  prcct-diiw?  date  of  issue  la 
which  It  is  to  appear.  'Proposals."  "Wants"  and 
"For  Sale"  announcements  can  be  inserted  as lalQ 
as  Tuesday  mornint;. 

Enterp.1  a«:  •tecond-Ha'is  matter.  April  17.  1907.  at  th» 
Poit  Office  at  Chica^.  ilhnois,  under  act  of  .March 
3d.  i>;y. 
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itTivl  oi  t 

■..  .l!1"1I-  It      !«  r 

such  C'  -e  there  jivnild 

I>c   trou  ■.    f.r    I'.i    ^;:;in 

who  is  ignorant  of  dc 
of  drawing  a  clear  an.;  .■•,.. p..  ..    -i-.n. na- 
tion for  what  he  wants  and  secure  reason- 
able  prices  from  reliable  c  .    lirnn 

A    little   ambiguity    in   .t    -■  hrre 

and  a  little  mori-  I 

a   conservative    lii  ■! 

"unreasonably  high,"  while  the  same  am- 
biguity will  lead  a  reckless  firm  to  bid  very 
lo*,  taking  a  gambler's  chance.  Architects, 
seeing  such  wide  variations  in  bids,  at- 
tribute the  variations  to  ignorance  on  the 
part  of  contractors.  It  is  ignor.ii 
ance  of  what  the  architect  is  li. 
quire  under  the  specifications. 

Cniil  architects  adopt  the  practice  of  en- 
gineers in  preparing  itemized  quantity 
sheets  upon  which  to  secure  unit  prices, 
and  until  they  make  a  study  of  actual  costs, 
they  are  likely  lo  make  little  advance  in 
the  art  of  economic  construction  of  hand- 
some buildings,  for  under  any  form  of  con- 
tract that  is  incomplete  or  ambiguous  there 
must  be  either  antagonism  between  archi- 
tect and  contractor,  or  an  exci<-ive  prii-e 
paid  for  harmony. 


A  Proposed  Form  of  Contract  inWhich 

the  Contractor  Agrees  to  Do  the 

Work  at  Prices  Fixed  by  a 

Third  Party,  Called  the 

"Estimator." 

The  .Vmericaii  liisliliile  of  .\rchiteels  has 
a  standing  committee  on  I'niform  Con- 
tracts and  Specifications,  to  which  has  been 
submitted  a  novel  form  of  contract.  Mr. 
Geo.  C.  Nimmons,  architect,  has  outlined 
the  following  plan.  He  would  have  an 
independent,  skilled  estimator  prepare  a  dc- 
taile<l  estimate  of  the  ct  st  of  every  build- 
ing. This  estimator  might  do  all  the  esti- 
mating for  all  the  architects  in  a  city  of 
moderate  size,  and  would  I>c  paid  a  fee  for 
his  work.  Having  prepared  a  careful  esti- 
mate in  detail  of  the  cost  of  a  proposed 
building,  the  contract  would  be  awarded 
lo  some  reliable  firm  of  builders  at  the 
price  estimated  by  this  independent  esti- 
mator. 

The  estimator  would  keep  detailed  costs 
of  the  building  during  construction.  Should 
the  actual  cost  exceed  the  estimated  cost, 
the  excess  cost  would  be  shared  equally 
by  the  contractor  and  the  owner.  Should 
the  actual  cost  be  less  than  the  estimated 
cost,  the  saving  would  be  equally  shared 
hy  the  contractor  and  the  owner. 

It  is  claimed  that  such  a  contract  would 
harmonize  the  interests  of  the  owner  and 
the  contractor,  and  that  "the  contractor  and 
his  craftsmen  could  really  work  with  the 
architect  in  a  spirit  of  true  sympathetic  co- 
operation, for  the  real  good  of  the  build- 
ing. If  this  were  possible,  it  would  tend 
to  create  a  spirit  of  true  art  in  our  work, 
which  has  not  been  present  in  it  to  any 
great  degree  for  centuries." 

Such  a  form  of  contract  possesses  obvi- 
ous merits  when  applied  to  architectural 
work,  but  it  possesses  equally  obvious  de- 
fects. The  "independent  estimator"  would 
have  to  select  cither  aiu-raj^c  unit  costs  or 
minimum  unit  costs  in  preparing  his  esti- 
mate. If  average  unit  costs  were  selected, 
and  if  the  contract  were  awarded  to  a  con- 
tractor of  more  than  average  ability  as  a 
manager  of  men.  the  contractor  would  have 
a  nice  profit  to  "share"  with  the  owner.  If 
the  estimator  were  to  select  minimum  unit 
costs,  every  contractor  would  lose  money 
unless  he  were  capable  of  doing  the  very 
best  that  had  ever  been  done. 

.\rchitccts  unquestionably  have  a  great 
deal  of  trouble  with  contractors  over  speci- 
fications, and  it  is  natural  that  they  should 
seek  to  change  existing  conditions.  The 
funda:iiental  difficulty,  however,  is  the 
ignorance  of  architects  as  lo  actual  unit 
costs. 

.•\rchitects  seldom  estimate  in  any  other 
iinll  than  the  cubic  fool  of  space  or  the 
square  foot  of  floor  area,  and  they  rarely 
call  for  bids  except  in  lump  sum.  They 
never  prepare  detailed  bidding  sheets  as  en- 
gineers do,  hence  they  have  no  definite 
knowledge  of  the  cu*l  of  the  various  items, 
:iinl    know    .ilmost    roihing   as   to   the   cco- 

M\ron  C.  Clark  Publishing  Co.      Vfi   rlEhl«   i>(  republication   rescr\eiJ 


The  Builder  of  the  Manchester    Ship 

Canal  Condemns  the  Building 

of  the  Panama  Canal 

by  Day  Labor. 

.■\n  unprejuiliced  English  observer  of 
wliat  is  being  done  at  Panama  is  Sir  Robert 
Perks,  Ban..  M.  P..  a  meml>er  of  the  firm 
of  Charles  Walker  &  Co.,  who  built  the 
Manchester  Ship  Canal.  Speaking  of  the 
present  policy  of  building  the  Panama 
Canal  by  day  lal)or.  instead  of  by  contract, 
he  has  said : 

".According  to  my  experience,  (ynvem- 
ment    work    by    government     ■'  - 

never   is   well   done,   never   is  q 
and   never  is   cheaply   done.     The  a\ 
foreman    and    workman    says    to    hir. 
'Oh,  hang  it  all !  it  is  for  the  government. ' 
He  knows  that  the  sooner  he  gets  the  work 
done  the  sooner  he  is  out  of  a  job.     Hence 
the   I'ganda   Railway,  built   by  the  British 
government,  using  soldiers  for  the  purpose, 
cost  twice  as  much  as  the  average  sur 
resented   by   the  lenders  in.ide   by  c. 
tors,  and  I  could  cite  a  dozen  mori- 
of  the  same  kind." 

There  can  be  no  two  opinions  on  this 
subject  among  men  who  have  seen  much 
of  government  day  labor  work  and  have 
compare<l    its    cost    with    t!  ' 

work.      Wl'elhrr  the  c^ver' 
ican  or  >    ..l 

the  inert  "e. 


Dredge  No.  M  of  the  Atlantic  Division 
of  the  Isthmian  Canal  in  19  days'  work 
on  the  prism  in  Liinon  Bay,  excavated 
lIO,rtiK>  cii.  yds.  of  earth,  an  aver.ige  of 
6.2<!3  cu.  yds.  [ler  diy.  The  dredge  i>  of 
the   ■J'l-in.   pipe   line  suction   t)pc. 
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Concrete  and  Reinforced  Concrete  Section 


Note: — This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  cover  the  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mixing,  transportation  and  placing;  fabrication  and  placing  of  reinforcement, 
and  form  construction  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


Method  of   Underpinning  a    Building 
Wall  With  a  55-Ft.  Span  Rein- 
forced Concrete  Girder, 

A  reinforced  concrete  girder  having  a 
clear  span  of  55  ft.,  a  depth  of  14V^  ft. 
and  a  width  of  3%  ft.  has  recently  been 
constructed  to  support  the  west  wall  of  the 
Evansville,  Ind.,  water-works  pump  house 
which  was  undermined  by  an  accident  to 
the  intake  pipes.  The  sketch  Fig.  1  shows 
-  the  sub-surface  conditions  and  other  details 
original  ground  surface  was  at  22  ft.  above 
datum  and  consisted  of  a  bed  of  silt  which 
reached  to  — 2  ft.  below  datum.  Below 
this  came  a  layer  of  fine  sand  reaching  to 
— ^22  ft.  below  datum.  Underlying  the  sand 
was  a  bed  of  firm  gravel  on  which  the 
pump  pit  was  founded.  Overlying  the  silt 
stratum  is  a  rolled  fill  immediately  sur- 
rounding the  pump  house ;  this  fill  formed 
the  material  on  which  the  spread  founda- 
tions of  the  building  rest. 

During  the  construction  of  the  building, 
which  had  very  heavy  masonry  walls,  set- 
tlement occurred,  due,'  it  is  thought,  to  the 
compacting  of  the  silt  stratum  and  the  lay- 
ers of  vegetable  matter  which  it  contained. 
No  noticeable  further  settlement  has  taken 


place  since  construction,  so  that  it  is 
thought  that  the  compressible  material  has 
been  thoroughly  compacted.    At  the  time  of 


Fig.   1 — Sketch   Showing   Subsurface   Con- 
ditions and    Repair  Work. 

measurement  in  July,  1908,  the  building 
was  11%  ins.  below  original  level  at  the 
southwest  corner,  which   is  the   right-hand 


corner  in  the  sketch  Fig.  1.  At  the  diagon- 
ally opposite  corner  the  settlement  had  been 
3%  ins. ;  the  tilt  of  the  building  from  north- 
east to  southwest  was  practically  uniform. 
This  settlement  ceased  after  construction 
and  caused  no  serious  trouble.  Meanwhile, 
however,  after  construction,  trouble  was 
had  with  the  intake  pipes. 

The  three  intake  pipes  reaching  about  200 
ft.  from  the  pump  well  to  the  river  intake 
broke  down.  In  the  original  construction 
these  pipes  had  been  hung  by  chain  slings 
from  transverse  timbers  resting  on  piles  on 
the  two  sides  of  the  trench  ;  they  had  no 
other  support  but  the  silt.  As  the  result  of 
this  opening  up  of  the  pipes  they  began  to 
take  in  sand  and  gradually  a  cavity  was 
formed  in  the  sand  stratum  and  the  back 
fill  settled  into  it,  leaving  a  hole  on  the 
surface.  The  pipes  choked  up  and  repairs 
were  necessary.  It  was  attempted  first  to 
sink  caissons  from  the  surface  to  close  the 
break.  The  first  caisson  was  too  small 
and  was  abandoned.  A  second  larger  cais- 
son was  partly  sunk  and  also  abandoned  be- 
cause by  that  time  the  closing  of  the  in- 
takes threatened  a  water  famine  and  more 
immediate  resorts  were  necessary;  these 
consisted  of  laying  a  temporary  intake 
which  met  the  situation  so  well  that  no 
haste  was  made  in  going  on  with  the  per- 
manent intake  repairs.  Two  diflferent  con- 
tractors were  given  the  work  and  both 
failed,  then  the  water-works  company  un- 
dertook it  by  day  labor. 

The  old  piles  on  each  side  of  the  trench 
were  pulled  and  close  sheeting  driven  as 
shown  by  the  dotted  lines  in  Fig.  1.  Exca- 
vation    was    carried    down    between    this 


Secfion  of  rooting  of 
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Fig.    2 — General    Plan    of   Girder   and    Footings. 
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sheeting  to  well  into  the  sand,  and  the  pile 
and  grillings  foundation  was  constructed 
as  shown  ty  Fig.  1.  The  completed  pipes 
were  finally  embedded  in  concrete  and  cov- 
ered over  as  indicated  by  Fig  I.  The  next 
task  was  to   rebuild  the   west   wall   of  the 


steel  was  assumed  at  16,000  lbs.  per  sq.  in. 
and  the  coinpression  in  the  concrete  at  650 
lbs.  per.  sq.  in.  Steel  was  used  to  assist 
the  concrete  in  compression,  as  is  shown 
by  Fig  4.  The  reinforcement  consisted  of 
M/U   cold   twisted   bars    furnished    by   the 
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Fig.    3 — Details    of 
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pump  house  which  had  been  taken  down 
when  the  surface  material  first  began  to 
settle  as  described  above.  The  designing 
of  the  wall  repairs  was  turned  over  to  Al- 
vord  &  Burdick,  Hydraulic  and  Sanitary 
Engineers,  of  Chicago,  who  decided  to  un- 
derpin the  wall  with  a  long  span  rein- 
forced concrete  girder  and  to  replace  the 
original  wall  with  one  of  much  lighter  con- 
struction. It  is  the  girder  underpinning 
that  is  of  particular  interest. 

In  planning  this  girder  underpinning, 
which  is  shown  in  diagram  by  Fig.  1,  it 
was  decided  to  found  it  on  the  rolled  fill, 
using  a  spread  footing  at  each  end.  as  this 
fill  appeared  solid  and  since  the  only  other 
resort  would  be  to  sink  foundations  to  the 
gravel  stratum,  which  would  entail  great 
expense  and  also  by  undermining  the  fine 
sand  endanger  the  pump  well  foundations. 
The  girder  was,  therefore,  designed,  as 
shown  by  Figs.  2,  3  and  4.  With  the  foot- 
ings as  designed  the  load  brought  on  the 
foundation  bed  was  about  1,600  lbs.  per 
sq.  ft.  The  drawings  of  Fig.  2  show  the 
general  plans  of  the  girder  and  founda- 
tions. It  will  be  noted  that  the  girder  was 
braced  to  the  pump  pit,  also  that  the  foot- 
ing is  of  stepped  construction. 

Details  of  the  footing  arc  shown  by  Figs. 
3  and  4.  It  will  be  observed  that  it  is 
heavily  reinforced.  Fig.  4  shows  the  re- 
inforcement of  the  girder  in  connection 
with  the  sections,  in  Fig.  3.  The  girder 
and  the  wall  supported  by  it  aggregates  a 
load  of  7  tons  per  running  foot.  A  span  of 
80  ft.  and  this  load  were  assumed  in  calcu- 
lating the  girder.    The  safe  stresses  in  the 


Footing    and    Girder. 

Wni.  B.  Hough  Co.,  of  Chicago,  III.  It 
was  specified  to  be  of  mild  steel,  billet 
stock,  having  before  twisting  an  ultimate 
strength  of  60,000  lbs.,  an  elastic  limit  of 
30,000   lbs.,   and    an    elongation    of   25   per 
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the  concrete  was  specified  with  equal  care. 
K  1-2-4  mixture  was  used.  The  sand  was 
required  to  be  Torpedo  sand  less  than 
Vi  in.  in  size  and  the  broken  stone  to  range 
from  2  ins.  to  Vi  in.  in  size.  Batch  mixing 
by  machine  and  very  careful  work  were 
required. 

Fig.  5  shows  the  girder  under  construc- 
tion ;  the  form  work,  runways,  etc.,  are 
clearly  indicated  by  the  view.  The  forms 
were  required  to  be  finished  whenever  the 
concrete  surfaces  were  to  be  visible.  The 
footings  were  constructed  first  with  the 
haunch  or  depressed  portions  of  the  girders. 
The  forms  for  the  girder  proper  (Fig.  5) 
were  then  erected  and  the  reinforcement 
placed.  The  concreting  was  done  in  1-ft. 
layers  the  full  length  of  the  girder  and  was 
made  as  nearly  as  possible  a  continuous 
operation.  Particular  care  was  employed 
in  placing  both  steel  and  concrete  to  secure 
the  very  best  workmanship.  A  sloppy  con- 
crete was  used.  The  forms  were  kept  in 
place  30  days  and  no  load  put  upon  the 
girder  within  that  time. 

The  girder  was  built  by  day  labor  under 
the  direction  of  Mr.  C.  C.  Culp.  E.  C. 
&  E.  R.  Shankland,  of  Chicago,  111.,  were 
consulted  regarding  the  design  of  the  gir- 
der by  the  engineers,  Alvord  &  Burdick,  of 
Chicago,  to  whom  we  are  indebted  for  the 
information  from  which  this  article  has 
been  prepared. 


The  total  receipts  in  1008  from  timber 
sales  from  the  National  Forests  of  the 
United   States  was  $849,027.     The  amount 
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Fig- 


-Details   of    Girder  and    Reinforcement. 


cent,  in  8  ins.,  with  a  reduction  of  area  of 
4-')  per  cent,  .^fter  twisting  the  elastic 
limit  was  to  be  not  less  than  55,000  lbs.  per 
sq.  in.  and  the  bars  were  required  to  bend 
without  cracking  180°  on  a  radius  equal 
to  the  diameter  of  the  bar.    The  quality  of 


of  timber  cut  from  all  the  National  For- 
ests was  3D2,7!)2,000  ft.,  B.  M.,  as  against 
19-1,872,000  ft.  in  the  previous  year.  This 
figure  for  1908  does  not  include  the  131,- 
482,000  ft.  given  away  to  settlers,  schools 
and  churches  under   "free  use"  permits. 
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Value  and  Cost  of  Steam  Curing    of 
Concrete  Blocks.  ^^ 

BY    F.    S.    PHIPPS.f 

A  block  cured  with  steam  vapor  is  hard- 
er and  stronger  at  the  e.xpiration  of  24  to 
30  hours  than  a  block  cured  by  the  old  way 
of  sprinkling  or  spraying  at  the  end  of  7 
to  10  days.  The  method  of  manufacture 
is  as  follows :  The  blocks  are  made  in  or- 
dinary machine  and  transferred  into  the 
ovens,  where  there  is  no  sun  or  current  of 
air  to  cause  them  to  dry  before  they  start 
to  set.  As  soon  as  an  oven  is  filled  it  is 
cooled  and  within  1  to  2  hours  the  steam 
is  turned  en  and  it  immediately  condenses 
upon  the  block  the  same  as  dew  on  grass, 
and  in  less  time  than  it  is  possible  to  spraj 
a  block,  it  is  filled  with  moisture.  In  this 
way  a  block  can  be  given  so  much  mois- 
ture that  it  will  become  mushy  and  mash 
before  the  cement  sets.  This  fully  refutes 
the   argument  that  steam  curing   dries   the 


cement  used.  I  have  made  blocks  using 
dark,  as  well  as  light  cement,  and  find  that 
they  are  almost  the  same  color ;  the  steam 
gives  them  a  lighter  color  than  it  has  been 
possible  to  obtain  before.  With  steam 
curing,  blocks  can  be  made  all  winter, 
which  gives  the  same  opportunity  to  build 
with  blocks  as  with  brick.  Again,  in  the 
case  of  rush  orders,  delivery  can  be  made 
in  30  hours,  or  just  as  quick  as  stone  can 
be  obtained.  It  has  been  my  experience 
that  under  the  system  of  steam  curing,  a 
better  block  is  produced,  both  in  color  and 
strength,  and  a  block  that  is  much  more 
salable  than  the  old   water-cured  block. 

We  are  using  Kaw  River  sand,  which  is 
sharp  and  clean  and  costs,  delivered,  in- 
cluding shrinkage  and  waste,  $1.10  per  cu. 
yd.  The  price  of  cement  at  the  present 
time  is  $1.2.5  per  barrel.  Our  proportions 
range  from  1  to  3  and  1  to  5  and  cur  cost 
for  1  to  5  proportions  is  3  cts.  per  sq.  ft. 
and    for   1   to  3  is  5  cts.   per   sq.    ft.,   face. 


Fig.    5 — View    Showing    55x14' 2x3' 2    ft.    Reinforced    Concrete    Girder 
Under   Construction. 


blocks  before  they  have  the  proper  amount 
of  water. 

If  a  steam-cured  block  produced  in  24 
hours  is  equally  as  good  or  better  than  a 
block  made  in  T  days  under  the  sprinkling 
process,  is  this  point  not  worth  consider- 
ing in  installing  a  steam-curing  plant? 
Further,  blocks  can  be  delivered  upon  a 
contract  within  28  hours  after  starting  the 
plant,  doing  away  with  the  one  great  ob- 
jection the  buyer  has  against  concrete 
blocks — that  of  being  compelled  to  wait 
several  days  for  them  after  placing  the 
order.  A  denser  block  can  be  produced  as 
the  steam  does  not  wash  any  of  the  cement 
from  the  block,  as  is  the  case  with  the 
sprinkling  process.  Also  the  color  of  the 
blocks  is  more  uniform,   regardless  of  the 

♦Abstract  of  a  paper  presented  to  the  Na- 
tional Association  of  Cement  Users,  Cleve- 
land Convention,  Jan.  13  to  16.  1909. 

tManager,  Central  Stone  Co.,  St.  .Tosepli. 
Mo. 


With  one  man  to  take  care  of  the  boiler, 
ovens,  engine,  and  the  mi.xing  of  the  ma- 
terials, at  $2  per  day.  and  two  men  to  run 
the  machines  at  $1.7.5  per  day,  we  turn  out 
560  sq.  ft.  of  block.  .Mlowing  50  cts. 
per  day  for  coal  and  $1  for  office  help,  our 
blocks  cost  us  for  labor  very  close  to  f^ 
cts.  per  sq.  ft. ;  with  the  3  cts.  added  for 
material  in  the  1  to  5  block,  the  cost  will 
be  4%  cts.  per  sq.  ft.  and  for  the  1  to  3 
block  6%  cts.  per  sq.  ft.  These  figures 
do  not  allow  for  insurance,  wear  and  tear 
on  machinery  or  the  manager's  salary.  If 
three  men  were  used  on  the  machines,  in- 
stead of  two,  the  cost  would  b^  no  greater 
for  mixing  or  for  curing  than  it  is  for 
two  men.  As  nearly  as  we  have  been  able 
to  ascertain,  1,000  to  2,000  lbs.  of  coal  will 
cure  three  ovens  of  blocks,  each  oven  con- 
taining from  140  to  1(50  blocks.  Our  men 
on  machines  are  able  to  turn  out  per  day 
140  blocks,  32  ins.  long  by  0  ins.  high,  giv- 


ing 2  sq.  ft.  to  the  block.  The  blocks  we 
make  for  building  purposes  are  4-in.  L- 
shaped  blocks,  ranging  from  4  to  33  ins. 
To  build  a  wall  from  8  to  12  ins.,  thick,  we 
use  two  4-in.  blocks ;  the  cost  must  be 
figured  on  a  1  to  3  proportion  for  outside 
wall  at  a  cost  of  6%  cts.  per  sq.  ft.  and  1 
to  5  proportion  for  inside  wall  at  a  cost  of 
iVi  cts.  per  foot,  making  a  total  cost  of  a 
12-in.  wall  10%  cts.  per  sq.  ft.  The  hol- 
low block  that  we  make  is  somewhat 
cheaper  as  it  is  only  9  ins.  high  and  8  ins. 
wide.  It  costs  about  one-third  less  for  ma- 
terial and  about  the  same  for  labor. 

The  cost  of  plant  will  depend  on  the  size 
and  equipment  desired.  We  have  a  25- 
HP.  boiler,  which  cost,  with  all  piping  and 
fittings,  $225,  and  it  makes  steam  for  6  to 
9  ovens.  The  ovens  cost  about  $50  each. 
Almost  any  old  boiler  will  answer,  and  the 
oven  can  be  made  of  sheet  iron,  although 
I  would  not  recommend  this  class  of  oven. 


Advantages    and    Cost  of  Reinforced 
Concrete  for  Small  Culverts.'- 

One  interesting,  though  perhaps  not  very 
important,  use  of  reinforced  concrete  as 
applied  to  railway  structures  is  found  in 
small  culverts. 

On  a  piece  of  rather  heavy  railroad  con- 
struction recently  undertaken,  it  was  de- 
cided that  no  smaller  opening  than  that 
furnished  by  a  24-in.  cast  iron  pipe  would 
be  considered  advisable  even  for  the  com- 
paratively small  drainage  areas  cut  oflf 
from  the  general  drainage  course  by  a 
railway  embankment.  Bids  were  asked  on 
the  basis  of  using  cast-iron  pipe  for  all 
such  structures.  Owing  to  the  roughness 
of  the  country  over  which  the  large  and 
heavy  pipes  would  have  to  be  drawn  by 
team  from  the  nearest  railroad  station,  the 
contractors  showed  a  ready  willingness  to 
substitute  concrete  culverts  for  the  cast- 
iron  upon  which  they  had  bid.  It  was 
therefore  decided  to  figure  on  the  use  of 
semi-circular  concrete  culverts  of  about  the 
same  capacity,  with  the   following  results : 

A  3- ft.  semi-circular  reinforced  concrete 
culvert  of  4.78  sq.  ft.  of  cross  section  suit- 
able for  all  fills  up  to  50  ft.  could  be  built 
for  $4.85  per  lin.  ft.  ($1  for  steel  bars  in 
place  and  $3.85  for  concrete). 

The  cast-iron  pipe  specified  for  this  same 
fill  would  cost  $7.31  per  lin.  ft.  and  where 
a  concrete  bed  w-ould  be  required  for  it  in 
places  at  an  additional  cost  of  $1.70  per  ft., 
the  total  cost  would  be  $9  per  lin.  ft. 

If,  however,  the  lightest  weight  of  24-in. 
cast-iron  pipe  were  acceptable  to  the  rail- 
way company,  and  no  concrete  bed  or 
cradle  required  beneath  the  pipe,  still  the 
pipe  culvert  would  cost  $5.09  per  lin.  ft.  as 
against  $4.85  for  the  reinforced  concrete 
culvert.- 


During  1908  a  total  of  820  miles  of  good 
roads  was  constructed  in  New  York  state. 


♦Extract  from  a  paper  by  B.  H.  Davis 
presented  to  the  Natiniial  .Association  of 
Cement   Users,   Jan.   13-16,    1909. 
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Methods    and    Cost    of    Constructing 

a  Concrete    Sewer  in  Freezing 

Weather. 

rill  work  coii>i>lc<l  of  u  M-wcr  l,-M>  ft. 
long  and  'M  ins.  in  ilianieler,  with  a  4-in. 
shell  conslriicled  during  November  anil  De- 
cember, V.K<S,  with  the  thcrmomcler  rang- 
ing lii  degrees  above  zero  to  above  freez- 
ing point.  The  necessity  of  using  frost  pre- 
ventives added  about  "JVs  els.  per  lin.  ft. 
to  the  cost  of  the  work.  The  following  is 
a  description  of  the  sewer  and  its  construc- 
tion. The  location  of  the  work  was  at 
Fond  du  Lac,  Wis. 

.Miout  four  years  ago  the  city  dug  an 
open  drain  along  r,  highway  upon  the  out- 
skirts of  the  city  for  carrying  storniwater 
into  DeXevcu  creek.  On  account  of  the 
ditch  washing  into  the  road  it  was  decided 
to  place  a  pipe  in  this  trench  and  backtill 
over  it.  .Xccordingly  the  city  engineer 
drew  plans  and  specifications  for  receiving 
bids  on  three  kinds  of  construction:  (1) 
monolithic  concrete  with  4-in.  walls;  (2) 
double  strength  vitrified  pipe,  and  (■"?) 
Jackson  concrete  pipe.  The  lowest  figures 
among  si.v  competitive  bidders  were  per  lin- 
eal fi.ot  for  Jackson  pipe  $2.")0,  for  vitrified 
pipe  $"J.lo,  and  for  monolithic  concrete 
$1.2-|.j.  The  contract  was  awarded  to  Burctt 
&  Dooley  for  the  monolithic  concrete  sew- 
er. The  contract  was  awarded  on  Nov.  1<\ 
and  a  few  days  later  work  was  begun.  Ow- 
ing to  the  lateness  of  the  season  the  city 
officials  were  concerned  at  first  about  the 
hazard  from  freezing  weather,  but  they 
were  convinced  of  its  unimportance  by  the 
means  planned  by  the  contractors  to  pre- 
vent frost  damages.  These  means  proved 
wholly  successful,  as  is  described  later. 

The  sewer,  as  before  indicated,  was  1..3G0 
ft.  long  and  -30  ins.  inside  diameter,  with 
4-in.  walls;  it  contained,  therefore,  about 
I/O  cu.  yd  of  concrete  per  lineal  foot.  In 
addition  there  were  17  cu.  yds.  of  concrete 
in  the  two  abutments  or  portals  at  the  end* 
of  the  sewer. 

The  itemized  total  cost  of  the  sewer  was 
as  follows : 

Items—  Total.  Per  Lin.  Ft. 

Lalxir   $  63."i..50  4G.72  cts. 

Tools   24.of»      1.81    " 

Sandy  gravel   208.40  15.32    " 

Lumber    14.04  1.03    " 

Water    11..3.->  0.83    " 

Frost  preventives  . . .      34.38      2.53  " 

Cement    3Tii.  lit  27.22   •' 

Steel   forms   204..3.J  15.02    " 

Engineering    132.00  9.71    " 


Totals $1,634.80    $l.2(t 

In  this  statement  the  labor  item  is  for 
unskilled  laliorers  at  $2  per  day,  working 
from  •')  to  14  men  ;.  rlay  fur  2i>  days  and  2 
foremen  at  $3  each  for  31  days.  The  cost 
items  for  tools,  lumber  and  frost  preven- 
tives are  the  differences  between  their  pur- 
chase prices  and  what  they  fetched  when 
afterwards  sold.  The  sandy  gravel  was 
purchased    delivered    from    three    difTerenl 


pits  at  $l..Vi  per  load  of  aUjut  1  7.»  cu.  yds., 
with  some  at  10  cts.  extra  per  load;  it 
cost,  therefore,  about  80  cts.  per  cu.  yd. 
The  gravel  was  nii.xed  to  obtain  the  great- 
est density  of  agRregates,  and  5  parts  of 
gravel  were  mixed  with  1  part  cement  to 
make  the  concrete.  The  cement  cost  $1.70 
per  kirrel  delivered  in  sacks,  less  the  re- 
bate on  sacks  returned.  Water  cost  for 
hauling  only.  ."ITi  cts.  per  load.  The  lumber 
was  used  for  abutment  forms  and  for  es- 
tablishing grades.  The  frost  preventives 
consisted  of  horse  stable  manure,  marsh 
hay.  and  a  thin  layer  of  flax  straw  sewed 
between  two  sheets  of  rosin  paper  and  also 
fiiel  for  heating  the  concrete  materials. 
The  steel  forms  were  rented  and  the  cost 
includes  drayage  to  and   from  the  job  and 


Sonic  of  these  items  are  actual  amounts 
and  others  arc  close  approximations  The 
costs  for  the  sewer  proper  arrived  at  in 
the  same  manner  were  as  follows : 

Per        Per 

hems-  Total.  Lin  Fi.CuVd 

Labor   or   concrete. ..  .$253.00  $0  187  $168.3 

LiiUir  excavation    357  00    0.2«J3    2.3<i7 

Tools  24.00    0.017    0.153 

Gravel  .   193.40    0.142     1.278 

Lumber  10.00    0.007     OOtEl 

Water     10.70    0.008    0  072 

Frosi   preventives         .     32.50    0.024    0.2IC 

Cement    338.18    0  240    2  241 

Center  molds   203.60    0.149     \M\ 

Engineering    127.00    O.OIW    0.837 


Totals 


.$I549.43$I.139$I0.351 


■■k.1 

^^^^^^■1 

View    Showing    Adjustable    Steel    Centers        Used     in     Constructing     the     Sewer. 


a  small  sum  for  oil  to  grease  them.  The 
charge  for  engineering  covers  the  entire 
expense  to  the  city  and  township  for  plans, 
specifications,  advertising,  inspection  of 
sewer  during  construction,  etc. 

Separating   the  abutments  containing    17 
cu.   yds.   of   concrete    the   cost    was   as    fol- 
lows :  Per 
Items—                             Total.  Cu.  Yd. 

Lalior   $25.50    $150 

Tools    00.59       O.OW 

Gravel    15.00        0  882 

Cement    32.01         1.882 

Lumber  40.04        0.237 

Water  00.60        0.011 

Frost   preventives   1.88        0.110 

Centers   07.-,        nnri 

Engineering,   etc.  -''■'> 

Totals  .$85.37      $5..V.»I 


In  the  above  table  the  amount  for  the 
concrete  labor  includes  the  labor  cost  for 
heating  the  materials,  mixing,  and  deposit- 
ing the  same  in  position  complete,  also  for 
the  small  expense  of  operating  the  steel 
forms.  The  rest  of  the  l.-il>or  ex(K'nse  was 
for  excavating  the  trench  an  average  depth 
of  3  ft.  and  for  back  filling.  This  was  done, 
as  noted  previously,  in  an  old  ditch,  the 
bottom  of  which  was  red  clay  soil,  rc<piir- 
ing  but  a  slight  expense  for  trench  brac- 
ing. No  water  ran  in  the  trench  except  on 
a  couple  of  days  it  rained  when  the  water 
ran  out  MHm  through  the  nudds  into  the 
sewer,  as  shown  by  the  accompanying  illus- 
tration made  direct  from  a  photograph  of 
lie  work. 

Flax  straw,  l>ound  in  paper  already  put 
up.  was  tried  as  a  cover  to  the  fresh  con- 
crete   pipe,   to  keep    frost    away    while    the 
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cement  was  setting,  but  the  vapor  from 
the  concrete  softened  the  paper  cover  so 
that  it  could  not  be  handled  and  the  article 
had  to  be  discarded.  The  horse  stable  bed- 
ding of  straw  proved  to  be  efficient  for 
keeping  frost  out  of  the  green  concrete,  it 
generating  a  certain  amount  of  heat  and 
allowed  the  moisture  to  pass  through  it 
from  the  heated  concrete.  Due  to  the  chem- 
ical changes  going  on  in  this  cover,  too 
strong  an  article  should  not  be  laid  next 
to  fresh  concrete,  as  in  some  places  on  the 
pipe  it  was  observed  that  the  cement  did 
not  set  good  for  a  depth  of  1/16  to  Vs  in. 
.A  thin  layer  of  marsh  hay  was  placed  be- 
tween the  manure  and  the  concrete  on  the 
balance  of  the  work  and  the  condition  did 
not  appear  again. 

In  the  steel  forms  lighted  oil  heaters 
were  placed  at  short  intervals  to  keep  up 
summer  conditions  while  the  cement  made 
its  initial  set. 

Tlie  style  of  the  centers  use<l  was  the  full 
circle  form  so  that  the  crown  and  invert 
of  the  pipe  w'cre  built  in  one  operation. 
The  materials  were  mixed  on  a  flat  No.  12 
gage  steel  sheet,  size  60x156  ins.  Concrete 
was  put  in  the  bottom  of  the  trench  first, 
which  was  dug  somewhat  rounding,  and 
graded  4  ins.  thick.  Strips  of  No.  26  gage 
sheet  steel  12  ins.  wide  by  8  ft.  long,  pre- 
viously rolled  to  the  arc  of  30-in.  circle,  was 
next  laid,  one  piece  lengthwise  on  this  bed, 
then  one  o-ft.  section  of  steel  forms  was 
placed  upon  the  strip,  or  track.  The  form 
was  expanded  to  size  by  turning  the  hand 
wheel,  shown  in  the  cut  to  the  right,  the 
correct  diameter  being  obtained  by  fitting  a 
wire  hoop  gage  around  the  near  end  of  the 
center  and  expanding  the  center  against 
the  gage,  .\nother  batch  of  concrete  now 
ready  was  positioned  around  the  form,  an 
operator  at  the  front  end  of  the  foDii  hav- 
ing a  steel  blade,  5  ins.  wide  by  10  ins.  long, 
affixed  to  a  long  handle,  tamped  the  con- 
crete firmly  to  place  under  the  two  bot- 
tom quarters  of  the  form  so  that  the  pos- 
sibility of  voids  or  pockets  forming  in  the 
bottom  of  the  concrete  pipe  to  be  refinished 
later,  was  eliminated,  the  concrete  being 
positioned  on  top  of  the  form  nearly  out 
to  the  end.  .\nothcr  form  being  set,  the 
process  descpibed  was  repeated  until  all 
the  forms  used  on  the  work  was  concreted. 

The  object  of  using  a  light  steel  track. 
or  slide,  under  the  forms  was  so  that  the 
molds  could  he  drawn  out  easily  the  next 
morning  one  at  a  time,  and  to  prevent 
scraping  out  with  them  partially  set  con- 
crete from  the  bottom  of  the  sewer,  the 
steel  track  being  laid  with  lapped  ends  so 
that  the  forms  could  slide  over  the  joints 
and  not  disturb  the  track.  The  track  was, 
of  course,  taken  each  morning  from  the 
sewer  after  the  centers  were  witlidrawn  and 
used  repeatedly. 

Collapsing  of  the  centers  was  accouT 
plished  by  merely  giving  the  hand  wheel  a 
few  turns  to  the  left,  when  the  mold  was 
pulled  out  of  the  sewer  with  a  rope  and 
taken    ahead    in    the    trench    for    resetting 


when  needed.  No  bracing  of  the  forms 
was  required  to  keep  them  in  alignment. 
The  top  of  the  concrete  pipe  was  shaped 
with  a  wood  hand  float,  the  concrete  for 
tliis  purpose  not  being  made  wet  enough  to 
make  it  sloppy. 

The  adjustable  steel  centers  as  used  on 
this  job  was  handled  upon  the  desirable 
unit  plan;  however,  all  the  forms  may  be 
set  before  placing  concrete  about  them,  or 
in  any  other  way  that  may  appeal  to  a  con- 
tractor as  most  advantageous.  Two  Y- 
connections  were  made  to  this  sewer  by 
placing  the  small  ends  of  clay  pipes  .against 
the  steel  forms  as  the  concrete  was  being 
positioned.  The  ne.xt  morning  when  the 
steel  forms  had  been  removed  the  first  con- 
nection had  some  concrete  to  be  broken 
out  of  the  end  and  refinished  while  the 
one  made  later  was  found  perfect.  Gas  en- 
gine oil  thinned  with  kerosene  and  ap- 
plied with  a  brush  to  the  surface  of  the 
molds  prevented  the  adhesion  of  concrete 
to  the  forms.  The  temperature  varied  dur- 
ing construction  when  concrete  was  made 
from  1-5°  above  zero  to  above  the  freezing 
point.  The  thermometer  one  morning  reg- 
istered 12°  below  zero,  but  by  10  o'clock  it 
showed  15°  above  when  concreting  was 
started.  One  foreman  with  a  crew  of  six 
men  often  put  in  70  ft.  of  sewer  in  less 
than  5  hours'  time. 

The  style  of  mold  used  on  this  job  is 
patented  by  J.  E.  Dooley,  and  is  manufac- 
tured by  the  Adjustable  Steel  Centering 
Co.  of  Fond  du  Lac.  Wis.  We  are  indebt- 
ed to  the  contractors.  Burett  &  Dooley,  for 
the  information  from  which  this  article  has 
been  prepared. 


Cubic  Foot  Costs  of  Reinforced  Con- 
crete Buildings. — The  following  costs  are 
for  buildings  actually  erected  and  they  are 
given  by  Mr.  Emile  G.  Perrot.  M.  .\m. 
Soc.  C.  E. :  Cents  per  Cu.  Ft. 

Warehouses   and    manufactories..       S  to    1 

Stores  and   loft  buildings II  to  IT 

Miscellaneous,     such     as     schools 

and   hospitals    15  to  20 

These  costs  include  tlic  building  com- 
plete, omitting  power,  heat,  light,  eleva- 
tors and  decorations  or   furnishings. 


Extending  Concrete  Piles  Above  Ground 

— In  constructing  simplex  concrete  pile 
foundations  on  ground  which  had  after- 
ward to  be  filled  in,  the  piles  were  ex- 
tended above  ground  by  the  following 
method :  The  Simplex  pile  was  construct- 
ed in  place  in  the  usual  manner  by  driving 
a  steel  shell  and  depositing  the  concrete 
inside  as  the  shell  was  withdrawn.  When 
the  concrete  filling  reached  the  surface  and 
while  still  wet,  a  cylindrical  fo-m  was 
centered  over  the  pile  and  filled  in  to  the 
required  height  of  the  extension  above 
ground.  The  engineers  marked  the  grade 
level  of  the  top  of  the  pile  on  each  form 
as  it  was  placed.  The  forms  were  left  in 
place  about  24  hours  and  then  removed 
and  used  over  again.  The  work  was  done 
by  the  Cranford   Paving  Co.,  of  Pittsburg. 


Coming    Conventions   of    Interest   to 
Cement  Users. 

The  following  associations  of  cement 
users  will  hold  conventions  during  the 
next  few  weeks  for  the  discussion  of  sub- 
jects relating  to  the  manufacture  and  use. 
of  cement  products  and  for  the  exhibition 
of  machinery  and  tools  for  concrete  work: 

Iowa  Association  of  Cement  Users. — . 
Convention  at  Des  Moines,  la.,  on  Feb.  2, 
3  and  4,  1909.  Convention  hall  at  the 
Savery  Hotel,  Locust  and  Fourth  streets ; 
exhibition  hall  at  the  Curzon  Building  on 
Court  avenue,  between  Second  and  Third 
streets.  Sessions  will  be  held  on  the  after- 
noon of  Feb.  2,  morning  and  afternoon  of 
Feb.  3,  and  morning  of  Feb.  4.  Exhibits 
should  be  addressed  to  Exhibition  Hall, 
Curzon  Building,  Des  Moines,  la.  Blank 
applications  for  exhibition  space  may  be 
secured  from  Secretary  Ira  A.  Williams, 
Ames,  la.,  to  whom  remittance  and  re- 
quests for  information  should  be  ad- 
dressed. 

Scbraska  Cement  Users  Association. — 
Convention  at  Lincoln,  Neb.,  on  Feb.  10, 
11  and  12,  1909.  Convention  hall  at  the 
Lindell  Hotel,  13th  and  M  streets;  exhibi- 
tion hall,  .\uditorium,  l-3th  and  M  streets. 
The  exhibition  will  be  restricted  to  arti- 
cles not  for  sale;  no  patented  article  will 
lie  allowed  among  the  exhibits;  no  fee  will 
be  charged  for  exhibition  space.  Secretary 
I.  E.  Walcnpaugh,  Lindell  Hotel,  Lincoln, 
Neb.,  sliould  be  addressed  for  exhibition 
blanks  and  information. 

Cement  Products  E.vhibition  Co. — The 
exhibition  will  be  held  at  the  Coliseum, 
Chicago,  111,,  Feb.  18  to  24.  1900.  No 
technical  meetings  are  held,  the  occasion 
being  solely  an  exhibition  of  cement  ma- 
chinery, tools  and  products.  This  is  per- 
haps the  largest  exliibition  of  the  kind 
held  in  the  United  States  and  the  visitor 
is  certain  of  seeing  examples  of  practically 
all  classes  of  cement  machinery  and  ce- 
ment products.  Secretary  L.  L.  Fest,  Ce- 
ment Products  Exhibition  Co..  New  South 
ern  Hotel,  Chicago,  111. 

Xortliicestern  Cement  Prodiiels  .Associa- 
lion. — Convention  at  Minneapolis,  Minn.. 
March  2  and  3,  1909.  Convention  and  ex- 
hibition halls  at  the  Armory,  Secretary, 
J,  C,  Van  Doom,  Minneapolis,  Minn. 


The  six  track  shifting  machines  in  the 
Central  Division  of  the  Isthmian  Canal 
moved  a  total  of  510,568  ft.,  or  96.7  miles 
of  track  during  December.  In  the  Taber- 
nilla  District  track  shifter  No.  5  moved 
100,703  ft.,  or  19.1  miles.  At  San  Pablo 
and  Caimito  shifter  No.  6  moved  62,.546 
ft.,  or  11.8  miles.  .\t  Gorgcna  and  Ma- 
tachin  No.  7  moved  139,697  ft.,  or  26.5 
miles.  At  Santa  Cruz,  No,  1  moved  57,- 
392  ft.,  or  10.9  miles.  .A.t  Miraflores  No. 
8  moved  64,880  ft.,  or  12.3  miles,  and  at 
La  Boca  track  shifter  No.  2  moved  85,350 
ft.,  or  16.2  miles. 
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Harlh  and  Rock  Section 


Note:  I  his  Section  isJcMitcJ  to  methods  anJ  costs  of  c\ca>aliii);  earth  anil 
rock  and  building  embankments.  It  will  cover  the  KmilinK  of  roads  and  rail- 
roads, diking  and  canal  work,  drcdsint;,  buildinu  reservoirs  and  earth  dams, 
M-wcr  an.l   water   pipe  trciuhin^.  qiiarr>ini:,  etc. 


The  Cost  of  Excavating  a  Small  Cellar 
with  Drag  Scrapers. 

Data  I'U  till-  cti>t  i>i  cellar  excavation  is 
scarce,  especially  for  small  buildings  and 
shallow  excavation.  These  small  jobs  of 
excavation  are  seldom  undertaken  with  the 
proper  force  or  equipment,  with  the  result 
that  the  work  generally  costs  more  than 
it   should. 

The  following  costs  are  in  connection  with 
cellar  excavated  in  stiff  clay.  The  depth  of 
the  excavation  was  4V4  ft.,  the  building  be- 
ing 30^4x."«  ft.,  with  an  angle  5x16  ft.,  cut 
out  of  one  corner.  The  number  of  aibic 
yards  in  it  was  155.  The  costs  given  in- 
clude the  expense  of  trunning  up  the  sides. 
The  clay  was  plowed  and  then  excavated 
with  drag  scrapers,  the  excavated  material 
being  dumped  on  the  sides  of  the  bank.  At 
first  two  teams  were  used,  and  an  extra 
man  for  loading  the  scrapers.  When  most 
of  the  material  was  excavated  only  one 
scraper  was  used,  and  one  of  the  three  men 
was  put  to  work  dressing  down  the  sides 
with  a  pick.  A  runway  excavated  for  the 
scrapers  to  enter  the  pit  contained  3  cu. 
yds.,  making  in  all  158  cu.  yds. 

The  cost  was  as  follows : 

85  hrs.  scrapers  at  50  cts $42.50 

72  hrs.  laborers  at  15  cts 10.80 

Total    $53.30 

The  cost  per  cti.  yd.  was: 

Scrapers    $0,269 

Labor     0.068 

Total     $0,337 

This  cost  could  have  been  reduced  by 
working  three  scrapers  in  the  eang  instead 
of  two.  and  then  one,  and  by  employing  an 
extra  man  to  keep  down  the  sides.  With 
only  two  scrapers  the  pace  of  the  teams 
would  be  a  slow  one.  This  is  shown  by  the 
fact  that  only  1.86  cu.  yds.  of  material  was 
moved  by  a  scraper  per  hour,  when  at  least 
3  cu.  yds.  should  have  been  excavated. 
Then  with  only  two  scrapers,  there  were 
times  when  only  one  scraper  was  at  work 
when  plowing  was  bcine;  done.  With  three 
teams  the  pace  set  would  have  been  much 
faster.  It  would  also  have  been  possible  to 
have  worked  one  team  overtime  and  thus 
have  had  most  of  the  plowing  done  when  it 
would  not  have  interfered  with  the  regular 
work  of  the  scrapers. 

.^ssuming  that  three  scrapers  would  have 
excavated  at  the  same  rate  as  was  actually 
done,  there  would  still  have  been  a  saving 
as  one  man  would  have  done  the  loading 
for  three  instead  of  two  scrapers.  Three 
scrapers  would  have  moved  56  cii.  yds.  in 


to  hours,  at  a  cost  fur  teams  of  $15  and 
$1.50  for  the  extra  man,  a  total  of  $16.50 
or  a  cost  per  cubic  yard  of  20%  cts.  With 
two  scrapers  37  cu.  yds.  were  moved  in  10 
hrs..  the  cost  being  $11.50,  or  a  cost  per  cu- 
bic yard  of  31  cts.,  thus  showing  a  saving 
with  the  three  scrapers  of  1%  cts.  per  cu. 
vd.  The  increased  pace  set  by  the  extra 
team  would  have  effected  a  greater  saving 
than  this.  The  cost  per  cubic  yard  should 
have  been  from  3  to  5  cts.  less  than  it  ac- 
tually was. 

We  are  indebted  to  the  "Canadian  Engi- 
neer" for  the  information  upon  which  this 
article  is  based. 


In  connection  with  the  work  of  con- 
struction of  structures  on  the  Interstate 
Canal.  Xorth  Platte  Project,  the  cost  data 
kept  show  some  interesting  facts  in  con- 
nection with  the  sand  and  gravel  used, 
states  the  Reclamation  Record.  The 
structures  consist  of  culverts,  inverted 
siphons,  sluiceways  and  lateral  hcadworks. 
The  quantity  of  gravel  required  per  struc- 
ture varied  from  701  to  10  cu.  yds.  with  an 
average  of  about  190  cu.  yds.  The  quan- 
tity of  sand  required  varied  from  396  to 
10  cu.  yds.  per  structure  and  averaged 
about  102  cu.  yds.  Laborers  were  paid 
at  the  rate  of  $0.30  and  teams  and  drivers 
at  the  rate  of  $0.45  per  hour. 

The  following  table  gives  a  summarv-  of 
the  unit  costs  per  cubic  yard : 

Gravel  Sand 

Distribution  of  4,1-36  2,255.5 

cost.  cu.  yds  cu.  yds. 

Preparatory    JO.l.T)  $0,076 

Screening    it.47!l  0.362 

Hauling    o.77<t  0.824 

Total    1.384  1.262 

Hauling  per  mile 0.513  0.418 


.According  to  Consul-General  Richard 
Guenther,  of  Frankfort,  a  new  dirigible  air 
ship  will  soon  be  constructed  in  Germany. 
It  is  the  invention  of  Professor  Schucltc. 
of  the  Technical  High  School  of  Danzig. 
Prussia.  The  balloon  will  be  310  ft.  in 
length  and  about  50  ft.  in  diameter.  The 
skeleton  frame  will  not  be  composed  of 
aliuninum,  but  of  double  diagonal  wooden 
ribs.  The  car  or  basket  is  to  be  about  120 
ft.  long  and  I2V4  ft.  wide.  The  screw 
propeller  will  be  driven  by  two  gas  motors 
of  150  h.p.  each.  The  average  speed  is 
estimated  at  50  Knglish  miles  per  hour. 
.>\s  the  carrying  capacity  is  considerably 
enhanced  by  substituting  wood  for  alum- 
iiuini,  the  new  air  ship  will  be  .ible  to  take, 
besides  the  usual  outfit  and  crew,  from 
4,0(K)  to  4,500  lbs.   of   freight. 


Methods  and  Costs  of  Stripping  Iron 
Ore  With  a  Steam  Shovel. 

Mining  by  stripping  is  becoming  more 
common  in  this  country  every  year.  This 
is  due  to  the  advent  of  steam  shovels  in 
the  excavation  field.  Iron  ore  has  been 
mined  by  stripping  since  the  beginning  of 
the  industry  in  this  country,  but  naturally 
the  ore  beds  had  to  be  both  thick  and  rich 
to  make  it  a  paying  proposition,  and  there 
are  today  in  the  various  iron  mining 
regions  many  workings  lying  idle  because 
it  was  too  expensive  to  work  them  with 
forks  and  shovels.  Steam  shovels  today 
are  sometimes  found  stripping  very  thin 
veins  of  ore,  with  a  deep  overburden.  This 
is  the  case  at  the  mines  of  the  Furnaccville 
Iron  Co.,  near  Rochester,  N".  Y.  The  ore 
of  this  company's  comes  to  the  surface 
about  1%  miles  south  of  Lake  Ontario. 

In  the  present  workings  the  overburden 
is  about  20  ft.  in  thickness,  10  ft.  of  which 
is  limestone,  more  or  less  shaly,  the  upper 
part  being  soil  and  glacial  material.  The 
ore  varies  from  20  to  22  in.  in  thickness. 
The  ore  deposits  of  this  vicinity  were  dis- 
covered about  the  year  1800,  but  it  was  25 
years  or  more  before  they  were  worked 
with  any  regularity,  while  it  has  only  been 
within  the  last  30  years  that  the  output  has 
been  large.  At  first  the  ore  was  only 
worked  where  the  overburden  was  the 
lightest.  Picks  and  shovels  and  wheel- 
barrows were  used  to  remove  the  dirt. 
About  20  years  ago  two  Boston  steam 
shovels  manufactured  by  the  John  Souther 
Co.,  of  Boston,  Mass.,  were  put  to  work 
at  the  ore  stripping.  These  shovels  have 
been  operated  during  this  period  more  or 
less  continuously  and  they  are  still  used 
for  special  work. 

These  two  shovels  worked  one  behind  the 
other  stripping  a  width  of  60  ft.,  each 
shovel  taking  30  ft.  The  great  improve- 
ment in  this  work  has  been  in  the  manner 
of  handling  the  excavated  material,  and  in 
the  use  of  one  modern  steam  shovel  in  do- 
ing the  stripping. 

For  this  purpose  there  is  now  being  used 
a  Vulcan  Giant  steam  shovel  of  2H  cu. 
yd.  dipper  capacity,  manufactured  by  the 
Vulcan  Steam  Shovel  Co.,  of  Toledo,  Ohio. 
This  shovel  is  capable  of  making  a  cut  56 
ft.  wide  but  at  present  it  takes  out  a  cut 
only  40  ft.  wide  and  20  ft.  deep.  This 
shovel  loads  the  material  into  self  dump- 
ing skips  of  5  cu.  yd.  capacity  that  are 
operated  on  an  inclined  conveyor,  built  by 
the  Dobbie  Foundry  &  MacJiinc  Co.,  of 
Niagara  Falls,  N.  Y.  This  conveyor  has 
made  possible  a  great  increase  in  the 
amount  of  overburden  handled.  The  in- 
cline is  120  ft.  in  length  and  makes  a  waste 
bank  .ibout  60  ft.  in  height.  It  is  possible 
to  haul  the  skip  to  the  top  of  the  incline, 
dump  and  return  in  30  seconds,  but  natur- 
ally this  speed  is  not  maintained  in  the 
ordinary  work.  While  one  skip  is  being 
dumped,  the  other  is  in  place  for  loading. 
The   conveyor   has   housed   at    the  base   of 
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the  incline  a  50  h.p.  double  drum  hoisting 
engine,  each  drum  working  independently 
of  the  other.  There  is  also  a  steam  winch 
for  moving  the  machine  forward.  The 
machine  is  mounted  on  rails  laid  down  for 
the  purpose,  and  is  moved  by  means  of  a 
rope,  operated  with  a  "dead  man"  from  the 
winch.  The  conveyor  is  operated  by  four 
men,  a  hoisting  engineer,  a  fireman,  a 
winchnian  and  a  topman. 

The  overburden  is  blasted  before  being 
excavated  by  the  steam  shovel.  For  this 
purpose  two  churn  drills,  mounted  on 
wheels,  and  with  their  own  boilers,  manu- 
factured by  the  Austin  Manufacturing  Co. 
of  Cleveland,  Ohio,  are  used  to  drill  the 
holes.  The  holes,  6  ins.  in  diameter,  are 
drilled  on  15  ft.  centers  and  extend  a  few 
inches  into  the  ore.  Each  drill  requires 
one  man  and  burns  about  400  lbs.  of  coal 
in  10  hours.  The  cost  of  operating  a  drill 
per  day  of  10  hours  is : 

Labor   $2.50 

Coal   70 

Supplies   (estimated)    .^0 

Plant  (estimated)   l.OO 

Total    $.5.,5(j 

Each  drill  puts  down  an  average  of  4 
holes  per  day  or  a  total  of  80  lin.  ft.,  thus 
costing  about  7  cts.  per  lin.  ft.  for  drilling, 
which  is  quite  cheap.  For  each  cubic  yard 
of  material  excavated  0.00  lin,  ft.  of  hole 
was  drilled  making  a  cost  for  drilling  of 
0.6  cts.  per  cu.  yd. 

The  holes  are  shot  with  40  per  cent  dyna- 
mite, using  on  an  average  65  lbs.  of  ex- 
plosives to  the  hole,  worth  13  cts.  per  lb., 
thus  using  0..3  lb.  per  cu.  yd.,  costing  4  cts. 

The  steam  shovel  working  under  favor- 
able conditions,  with  machinery  for 
promptly  handling  the  excavated  material 
handles  a  large  yardage  during  the  10-hour 
working  day.  Work  is  done  throughout 
the  entire  year,  only  stopping  for  the  most 
severe  weather.  The  shovel  excavates  from 
1,200  to  1,700  cu.  yds.  of  overburden  per 
day  or  an  average  of  about  1,500  cu.  yds. 

The  cost  of  operating  the  steam  shovel 
per   day  is  as   follows : 

Foreman    $.3.50 

Shovel   runner    2.50 

Cranesman     2.00 

Fireman    I.7.5 

3  tons  of  coal  at  $3.50 10.50 

Oil  and  supplies    .50 

8  laborers  at  $1.3o 10.40 

Plant  (estimated )    (i.OO 

Total    $37.1.-, 

This  gives  a  cost  for  excavating  and 
loading  with   tlic  shovel  of  2.5  cts    per  cu 

yd. 

The  cost  of  transporting  and  dumping 
witli  the  conveyor  per  day  is: 

Engineer     $2.50 


Winclinian    2.00 

Topman    2.00 

Fireman    1.75 

2  tons  coal  at  $3.50 7.00 

Oil  and  supplies 50 

Plant    (estimated)     6.00 

Total   $21.75 

This  gives  a  cost  of  1,5  cts.  per  cubic 
yard. 

The  total  cost  per  cubic  yard  for  strip- 
ping is  as  follows : 

Drilling     $0,006 

Explosives   0.040 

Loading    0.25 

Conveying  and  dumping 0.015 

Total    $0,086 

No  allowance  has  been  made  for  general 
expense.  .Although  the  wages  paid  are 
.somewhat  smaller  than  those  paid  for  ex- 
cavation work  by  contractors,  yet  the  total 
cost  for  this  class  of  work  is  very  low. 

There  are  some  interesting  facts  in  con- 
nection with  the  breaking  up  and  excavat- 
ing of  the  ore.  The  stripping  disposes  of 
the  waste  material  wiUi  the  exception  of 
about  8  ins.  of  limestone  capping  over  the 
ore.  This  capping  adheres  to  the  ore  and 
is  usually  blasted,  although  it  may  some- 
times be  removed  with  crowbars. 

Holes  are  drilled  through  the  ore  at  3  ft. 
centers,  and  are  shot  with  1%  to  1%  sticks 
of  15  per  cent  dynamite,  which  is  worth 
about  9  cts.  per  lb.  This  means  the  drill- 
ing of  4  lin.  ft.  of  hole  for  each  cubic  yard 
of  ore  excavated  and  1%  lbs.  of  dynamite 
used  per  cubic  yard.  The  ore  breaks  in 
slabs  of  varying  sizes,  the  large  pieces  be- 
in.g  broken  with  sledges.  The  broken  ore 
is  loaded  into  tubs  or  skips  by  a  small 
steam  shovel,  and  hoisted  by  means  of  a 
derrick  into  railroad  cars  on  the  bank.  For 
the  loading  of  the  skips  a  Vulcan  Little 
Giant  Shovel  with  a  dipper  of  1%  cu.  yds. 
capacity  is  used.  It  requires  a  crew  of 
three  men  and  burns  1%  tons  of  coal  per 
day  of  10  hours.  This  shovel  has  ex- 
cavated as  much  as  300  tons  of  ore  per  day. 
The  ore  weighs  225  lbs.  per  cubic  foot  or 
3  tons  per  cu.  yd.,  thus  giving  a  yardage 
handled  per  day  of  100  cu.  yds.  This  out- 
put when  it  is  considered  as  working  in 
liard  material  against  a  breast  less  than  3 
ft.,  is  very  good.  The  derrick  for  operat- 
ing tlie  skips  is  mounted  on  a  broad  gage 
car.  This  derrick  is  operated  by  three  men 
and  burns  %  ton  of  coal  per  day  of  10 
hours.  The  approximate  cost  of  breaking 
rp,  loading  and  handlin.g  the  ore  per  day, 
assuming  an  output  of  30  cu.  yds.,  is  as 
follows : 

Foreman   $  .3.50 

Drilling   12.00 

Explosives    3.37 

Shovel   Crew : 

Shovel   runner    2.50 

Cranesman     2.00 


Fireman    1.75 

1^4  tons  of  coal  at  $3.50 4.37 

Derrick  Crew  : 

Engineer 2.50 

Winchman    2.00 

Fireman    1.75 

%  tons  of  coal  at  $3.50 2.62 

6  laborers  at  $1.30 7.80 

Plant    (estimated)    6.00 

Total    $.52.16 

This  gives  a  cost  per  cubic  yard  as  fol- 
lows : 

Foreman   $0,116 

Drilling  0.400 

Explosives    0.112 

Loading    0.,3.54 

Derrick   Handling   0.296 

Laborers     0.260 

Plant   0.200 

Total    $1,738 

Making  a  total  of  $1.74  per  cu.  yd. 
We   are    indebted    to   an   article    by    Mr. 
Edwin    Higgins    in    the    "Engineering    and 
Mining  Journal"  for  the  information  upon 
which  this  article  is  based. 


Cost  of  Manufacturing  Pig  Iron  and 
Steel  Rails. — .\t  a  recent  hearing  before 
tlie  House  Ways  and  Means  Committee, 
Elbert  H.  Gary,  chairman  of  the  board  of 
directors  of  the  U.  S.  Steel  Corporation, 
gave  the  following  cost  data.  He  said 
that  the  average  mining  cost  in  tlie  Lake 
Superior  region  is  $1.43  per  ton  of  iron 
ore,  including  mining  cost,  depreciation 
and  royalty.  The  freight  to  the  lower  lake 
ports,  such  as  Chicago,  averages  $1.45  a 
ton.  He  said  that,  eliminating  the  profit 
all  along  the  line,  the  cost  of  producing 
pig  iron  in  .\merica  is  $12.05,  itemized  as 
follows  per  ton  of  pig: 

Iron    ore    $  8.62 

Coke    1.15 

Limestone    0.49 

Scrap    0.16 

Cinder    and    scale 11. 11 

Labor,  materials  and  operating  cost.      1.35 
Depreciation    0.40 

Total   $12.28 

This  total  does  not  check  with  the  above 
given  total  of  $12.65,  nor  does  it  clieck 
with  another  statement  by  Mr.  Gary  to 
the  effect  that  the  average  cost  of  produc- 
ing pig  in  all  the  plants  of  the  U.  S.  Steel 
Corporation  is  $15.30  per  ton.  Probably 
the  $15.30  includes  interest  on  investment 
and   overhead   charges. 

Mr.  Gary  gave  the  cost  of  steel  rails  as 
follows,  per  ton  : 

Pig    iron    $15.06 

Converting  pig  iron  into  steel  ingots.     2.88 

Converting  ingots  into  rails 3.22 

Depreciation    '. ..' 84 

.\dministration    and    taxes 81 


Total. 


.  .$22.81 
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The  Construction  of  Sand-Clay  Roads. 

iiv   w.  1..   sPmiN'.t 
\\f  arc  Ikto  to  discuss  tlu-  cla>  and  sand 
road  because  it  is  of  such  wide  application 
and    so    often    the    only    road    possible     or 
within  the  reach  of  the  community. 

At  the  outset,  let  us  define  a  sand  clay 
road  and  then  analyze  and  discus  the  con- 
stituents. A  sand-clay  road  is  a  road 
whose  wearing  surface  is  composed  of 
grains  of  sand  in  contact  and  with  the 
voids  hlle.l  with  clay  as  a  binder.  Bear  in 
nund  that  the  grains  of  sand  must  be  in 
contact  to  fulfill  our  definition,  and  this 
implies  that  they  arc  to  have  the  greatest 
possible  surface  contact.  In  other  words, 
they  must  be  wedged  and  interlocked  into 
the  closest  relation  in  order  that  the  great- 
est stability  may  exist  along  with  the 
greatest  resistance  to  displacement.  In 
short,  it  is  exactly  the  same  relation  that 
exists  in  macadam. 

With    this   we  see  that  angular   sand   is 
better    than    round,    that    coarse    is    better 
than    fine   sand.     Hence,  whenever  it    is   a 
case  of  hauling  sand,  it   is  very  important 
that   we  select   the  coarsest,  sharpest   sand 
obtainable.     In  most  instances,  however,  it 
is   the   clay    that    is   hauled   and    the   sand, 
already  in  the  road,  must  remain  and  form 
the  sand  part  of  our  composition  with  clay. 
A  moment's  reflection  will  satisfy  one  that 
sand  which  has  lain  in  the  road   for  years 
and    has    been    subjected    to    the    grinding 
process  of  travel  over  it  is  well  worn  and 
round.     This  we  would  not   expect  to  give 
as  good  results  as  a  fresh,  sharp  sand  and 
it  docs  not.     However,  if  we  build  upon  it. 
as  a  foundation,  it  is  as  satisfactory  as  any. 
The  chief  function  a  sand  foundation  serves 
under  a  road  is  to  provide  ample  drainage, 
which  is  exceedingly  important.     Often  the 
success   of    a    road    depends    solely   on    its 
under-drainage.     It  is  not  generally  known 
that   quicksand   may   be   rendered    finn    by 
under-drainage   which     removes     the     hy- 
draulic pressure  due  to  the  upward  flow  of 
water  that  may  originate  from  a  spring  or 
seepage.     Try  under-drainage  and  note  re- 
sults. 

Returning  to  our  definition  of  a  sand- 
clay  road,  we  are  told  indirectly  that  there 
are  voids  between  the  grains  of  sand,  no 
matter  how  closely  they  may  be  interlocked. 
Their  faces  arc  not  exact  counterparts  and 
all  face  angles  arc  not  made  to  fit  with 
exactness  into  the  space  formed  by  the  ad- 
jacent grains.  If  it  were  possible  to  pro- 
duce such  a  voidless  composition  of  sand 
alone,  we  would  have  a  monolith.     This  is 
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some  void  filling  substance.  The  volinne 
of  these  voids  then  becomes  a  matter  to 
carefully  consider,  and  for  the  purpose  of 
making  an  ocular  demonstration  of  the 
relative  voids,  we  will  use  two  glasses,  one 
filled  with  water  and  the  other  with  clean 
sand. 

Now  observe  that  the  water  taken  is  (he 
measure  of  the  voids  in  the  sand.  No 
amoinit  of  pressure  within  the  strength  of 
the  constituent  grains  of  sand  or  other 
treatment  will  express  all  the  water  from 
the  sand  voids.  The  closest  relation  is  ob- 
tained by  a  gentle  tapping  continued  for  a 
long  time.  Observe  this  fact  for  it  is  sig- 
nificant alike  for  all  grades  of  sand.  But 
our  definition  states  that  the  voids  shall  be 
filled  with  clay  and  not  water,  as  has  just 
been  done  in  your  presence.  How  shall  it 
be  done  practically? 

Before  attempting  to  answer  the  question 
just  raised,  it  might  be  well  to  discuss  the 
physical  properties  of  diflFerent  clays  so  as 
to   determine  whether   it    will     be     worth 
while  to  attempt  to  use  any  particular  clay 
as  a  void  filler.     The  reason  for  this  is  our 
definition    which    says    that    the   clay    does 
more   than    merely  fill   voids— it  acts  as  a 
binder  to  hold  the  grains  of  sand  in  place. 
We  niiglit  mention  another  function  of  the 
clay  filler  and  that  is  the  duty  of  keeping 
the  water  out:  its  non-absorbent  qualities. 
Usually  any  clay  that  is  a  good   binder  is 
also  a  good   non-absorbent  and  will   with- 
stand wet  weather.     But  if  it  absorbs  water 
readily  it  will  either  expand  and  thus  sep- 
arate  the   grains    farther,    thus    destroying 
the  contact  relation  above  described,  or  it 
will   readily  wash  out  and  leave  the  sand 
without  a  bond.     So  in  the  selection  of  a 
clay  always  use  the   best  available.     There 
is   no  better  way  than   to   make  a  careful 
insi)ection    of   the   roads    in    the    neighI)or- 
hood.     If  none  are  found  good  in  their  nat- 
ural state,   it   is   pretty  sure  evidence   that 
there   is   poor  prospect   of  any  very  great 
improvement  by  hauling  material  from  one 
part  to  another  on  the  same  road.     In  such 
cases  it  will  he  necessary  to  look  elsewhere 
than  in  the  road  for  material  to  improve  it. 
I  shall  not  attempt  to  give  you  an  analy- 
sis of  the  mineral  constituents  of  clays.     It 
would  be  utterly  worthless  to  the  average 
road  builder  in  his  effort  to  produce  a  good 
road  to  tell  him  the  formula  for  pure  clay 
and   point   out   to   him   the  dozens  of   im- 
purities  that   arc   nearly   always    found    in 
connection  with  it.     Every  one  knows  what 
you   mean   when  you   mention  clay.     They 
know   what    sand   is  and    what     loam     is. 
Fveryonc  knows  that  clay  when  dry  enougli 
to   pack    makes   a    better    ro.i<I    than    wbrn 
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bad  .|tialiiic,  .,.  ...cli.  \\c  would  reach 
Ibis  conclusion  were  there  no  proofs  of  it 
Ml  existence,  but  there  arc  proofs  of  the 
correctness  of  this  conclusion  existing  in 
every  section  where  sand  and  clav  alter- 
nate. 

There  is  one  property  of  clay  that    we 
should  understand  and  test.     The  property 
referred    to   is   its    shrinkage.      It    may   be 
tested  in  this  simple  way.     A  lump  is  taken 
and  made  thoroughly  wet  and  then  divided 
into  three  pieces.     The  first  piece  is  made 
into  a  ball  and  left  to  dry.  tho 
50  per  cent  of  sand  added  to  an.; 
ly  mixed  with  it  and  the  mass  then  made 
into  a  ball  and  left  to  dry.     In  like  man- 
ner 75  per  cent  of  sand  is  added  to  the  third 
and   it   is  allowed  to  dry.     When  drv  ob- 
serve the  cracks,   if  any  have    formed    in 
these   balls.     Notice   that   the    cracks     are 
measures  of  the  shrinkage  in  the  clay  and 
likewise  the  measure  of  the  expansion  when 
the  water  is  again  restored.     You  will  prob- 
ably find  that  the  ball  with  no  sand  adde<I 
cracks  most  and  the  one  with  the  most  sand 
in  it  cracks  least,  perhaps  none.     To  make 
a  road  it  must  have  sand  sufficient  to  pre- 
vent  cracking.     We   may   further  test   our 
three  balls  of  clay  by  submerging  them  in 
water  and  obser\ing  how  long  it  requires 
for  them   to   slake  and     run     down.     The 
longer  it  takes  to  melt  down  the  balls,  the 
more   powerfully    the  clay   resists   washing 
and  the  more  firmly  it  binds  the  sand. 

With  the  above  brief  discussion  of  sand 
and  clay  we  are  ready  to  take  up  at  this 
point  the  best  practical  method  of  mixing 
the   sand   and   clay  together.     It    was   said 
aliove  to  make  the  cLiy  wet  to  add  the  sand. 
This  is   always  necessar>-.  whether  on  the 
road  or  in   the  laboratory.     True  the  clay 
might  be  pulverized  and  the  sand  added  but 
until  the  mass  is  fully  saturated  there  is  no 
tendency  at  all  in  the  mass  to  bond.     This 
mysterious   eflfect  of  water   is  an  absolute 
necessity   in   the   void   filling    process.     To 
make  a  long  story  short,  the  clay  and  sand 
may  be  brought  together  in  the  dry  state, 
but  the  final  mixing  must  be  eflfectcd  when 
both  are  thoroughly  wet.     This  is  best  done 
by  the  plow  and  harrow.     If  there  is  much 
sand  already  in  the  clay  it  may  be  hauled 
on  the  road  and  spread  evenly  by  plowing 
to  break  up  the  hard  places  and  then  bar 
rowing  to  render  the  surface  of  even  hard- 
ness and  without  depressions     The  mixing 
is  often   left   to  be  eflFected  by   travel,  but 
this  invariably  results  temporarily  in  a  very 
mushy  road.     Finally,     however,     it     com- 
pacts and  forms  a  hard  road,  but  it  will 
need    frequent    m.-ichining    to     produce     a 
smooth  surface. 

The  proportion  of  sand  and  clay  to  lie 
brought  together  cannot  always  be  deter- 
niineil  at  first.  In  fact,  there  is  no  better 
way  than   to   approximate   it  as   nearly  as 
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possible  and  then  watch  the  manifestations. 
If  it  continues  to  mush  up  in  wet  weather, 
there  is  clearly  a  deficiency  of  sand.  If  it 
breaks  into  loose  sand  there  is  need  of 
more  clay  to  hold  it  together  and  this  must 
be  added.  Keep  the  definition  of  the  sand- 
clay  road  in  mind  and  work  to  that  end. 


Annual     Meeting    of    the     American 
Society  of  Civil  Engineers. 

The  56th  annual  meeting  of  the  Ameri- 
can Society  of  Civil  Engineers  was  held 
on  Jan.  20  at  the  house  of  the  society  in 
New  York  citj-,  with  an  attendance  of 
about  700,  President,  Mr.  Charles  Mac- 
donald,   presiding. 

The  report  of  the  board  of  direction  for 
the  year  ending  Dec.  31,  1908,  showed  a 
total  membership  of  4,824,  of  which  2,370 
are  members,  1,(319  are  associate  members, 
642  are  juniors  and  the  remainder  honor- 
ary and  corresponding  members,  associates 
arid  fellows.  The  reports  of  the  secretary 
and  the  treasurer  showed  that  the  receipts 
for  the  year  were  $126,381.78  and  disburse- 
ments $93,299.18,  leaving  a  balance  on  hand 
of  $33,082.60.  .\  payment  of  $10,000  was 
made  on  the  mortgage  debt,  reducing  the 
latter  to  $15.5,000. 

The  committee  on  prizes  reported  the 
following  awards  for  the  year  ending  with 
July.  1908:  Collingswood  Prize  for 
Juniors,  to  Mr.  Diedrich  W.  Krellwitz,  for 
the  paper  on  "Reinforced  Concrete  Tow- 
ers'" ;  Thomas  Fitch  Rowland  Prize,  to 
Mr.  Edward  E.  Wall,  for  the  paper  on 
"Water  Purification  at  St.  Louis" ;  Norman 
Medal,  to  Mr.  C.  C.  Schneider,  for  the 
paper  entitled  "Movable  Bridges."  The 
committee  also  recommended  that  the  ex- 
cellence of  the  report  on  the  "Effects  of 
the  San  Francisco  Earthquake  of  April 
18,  1906,  on  Engineering  Construction," 
prepared  by  committees  of  the  San  Fran- 
cisco Association  of  Members,  be  recog- 
nized in  some  mariner  by  the  society  and 
accordingly  the  board  of  direction  adopted 
resolutions  expressing  the  appreciation  of 
the  society  for  the  careful  and  valuable 
work  of  the  committees. 

The  annual  convention  was  announced  to 
be  held  in  the  Mt.  Washington  Hotel,  Bret- 
ton  Woods,  N.  H..  July  6-9,   1909. 

The  election  of  officers,  in  which  1,083 
votes  were  cast,  resulted  in  electing  the 
members  proposed  by  the  nominating  com- 
mittee. They  are;  President,  Onward 
Bates,  Chicago;  vice-presidents,  George  H. 
Pe.gram.  New  York  city,  and  Emil  Swens- 
son,  Pittsburg;  treasurer,  Joseph  M.  Knap 
New  York  city ;  directors,  Francis  L. 
Stuart,  New  York  city ;  Samuel  C.  Thomp- 
son, New  York  city;  William  G.  Wilkins, 
Pittsburg;  .Arthur  N.  Talbot,  Urbana,  III.; 
William  M.  Gardner,  Memphis,  Tenn. ; 
Horace  A.   Sumner,  Denver,  Colo. 


Work  on  the  masonry  of  the  Shoshone 
Dam  of  the  Wyoming,  Shoshone  Irriga- 
tion Project  was  suspended  for  the  winter 
on  Nov.  30. 


The  Work  of  the  Municipal    Asphalt 
Repair  Plant  of  Indianapolis,  Ind. 

Work  on  the  municipal  repair  plant  of 
Indianapolis,  Ind.,  was  begun  on  April  16, 
1008,  and  on  June  16,  1908,  the  first  asphalt 
mixture  was  turned  out.  The  plant  was 
made  by  Werthington  &  Berner  and  has  a 
capacity  of  1,200  sq.  yds.  of  2-in.  asphalt. 
The  total  cost  of  the  plant,  one  5-ton  steam 
asphalt  roller,  four  dump  wagons,  fire 
wagons,  office  building,  roller,  stone  dust 
and  tool  sheds  and  all  tools  necessary  to 
carry  on  the  work,  amounted  to  $20,557.68. 
This  also  includes  the  cost  of  grading  off 
the  yard  for  plant,  putting  brick  driveway 
under  mixer  and  cement  floor  around  cold 
sand  elevator.  The  plant  itself  cost  $15,525, 
Between  June  16  and  Dec.  31,  1908,  there 
were  turned  out  by  the  plant  14,798  boxes 
of  surface  mi.xture  for  city  work  and  1.893 
boxes  of  surface  mixture  for  resurfacing 
West  Michigan  St.  There  were  also  turn- 
ed out  373  boxes  of  binder  for  city  work 
and  1,357  boxes  of  binder  for  the  West 
Michigan  St.  resurface  work,  making  1.730 
boxes  of  binder  and  16.691  boxes  of  surface, 
or  a  total  of  18,421  boxes  of  mixture  turned 
out  in  this  time.  During  the  above  period 
repairs  to  52  different  streets  were  made, 
a  total  of  103,743  sq.  yds.  of  surface  and 
binder  being  turned  out  by  the  plant  and 
laid.  In  addition  employes  of  the  plant 
laid  4.467  sq.  yds.  of  concrete.  The  con- 
crete was  used  to  bring  the  base  up  to 
grade.  For  the  city  work  4,026  sq.  yds.  of 
2-in.  to  6-in.  concrete  were  necessary,  cost- 
ing $1,399.66  or  $0,347  per  sq.  yd.  On  pri- 
vate cuts  441  sq.  yds.  of  6-in.  concrete 
were  constructed  at  an  average  cost  of  $1 
per  sq.  yd. 

.\  summary  of  the  output  shows  that 
75,428  sq.  yds.  of  surface  mixture  were 
turned  out  for  actual  repair  work  for  the 
city,  7,540  sq.  yds.  were  for  private  work 
and  7.504  sq.  yds.  for  resurfacing  West 
Michigan  St.  A  total  of  9,504  sq.  yds.  of 
binder  was  also  turned  out  for  resurfacing 
West  Michigan  St.,  and  1,767  sq.  yds.  were 
used  for  private  work.  This  private  work 
was  done  for  local  water,  gas.  electric, 
street  railway  and  plumbing  companies,  and 
for  it  the  city  received  $12,.3.30.72. 

The  largest  single  piece  of  work  was  the 
resurfacing  on  West  Michigan  St.,  with  a 
2-in.  asphalt  surface  and  a  1-in.  binder. 
This  street  was  paved  by  contract  in  1906 
and  was  still  under  guarantee.  It  was  re- 
surfaced with  Trinidad  Pitch  Lake  asphalt. 
The  total  cost  of  removing  old  material 
and  relaying  9,504  sq.  yds.  of  pave- 
ment on  this  street  w^as  $10,763.83  or  $1,132 
per  sq.  yd. 

The  total  cost  of  all  work  done,  exclu- 
sive of  the  West  Michigan  St.  resurfacing, 
amounted  to  $53,301,92  for  82,968  sq.  yds., 
or  $0,642  per  sq.  yd, ;  this  includes  interest 
on  investment  of  $20,557,68,  for  6%  months 
at  5  per  cent  and  depreciation  for  same 
period  at  same  rate. 

Deducting  $12,.3.30.72.  which  the  city  re- 
ceived   for    the   7,540    sq.    yds.     of    private 


work,  makes  the  city's  own  repairs,  includ- 
ing the  extra  concrete,  cost  $40,971.20,  for 
the  75,428  sq.  yds.  of  actual  city  repairs 
and  4,026  sq.  yds.  of  concrete,  or  10.543 
cts.  per  sq.  yd.  Deducting  the  cost  of  the 
extra  concrete,  $1,399.66,  on  account  of  not 
being  strictly  asphalt  repairs,  would  leave 
the  actual  cost  to  the  city  of  its  own 
asphalt  repairs,  $39,-571.54  for  75,428  sq. 
yds,,  or  $0,524  per  sq.  yd.  This  includes  all 
expenses  attached  to  work,  superintend- 
ence, interest  on  investment,  depreciation 
on  plant  and  tools,  insurance,  lease  on 
ground,  etc.  The  work  was  done  on  the 
same  basis  as  other  city  work,  eight  hours 
per  day,  and  was  performed  under  the 
most  favorable  conditions  as  a  great  many 
of  the  repairs  were  large  and  close  to- 
gether. Only  one  day  was  lost  account  of 
rain,  and  four  days  lost  waiting  for  ma- 
terial. 

Only  seven  hours  were  lost  on  account 
of  the  plant  not  being  ready  when  called 
upon :  two  hours  on  account  of  the  break- 
ing of  a  driving  pinion  and  five  hours  for 
replacing  brick  work  in  the  furnace  under 
the  sand  drier.  This,  it  will  be  noted,  is  a 
very  small  loss  of  time  when  it  is  consid- 
ered that  the  plant  turned  out  18,421  boxes 
in  all. 

Maltha  California  asphalt  was  used  for 
the  most  part  on  the  repair  work;  but  on 
account  of  the  West  Michigan  St.  being 
under  guarantee  and  specifications  calling 
for  this  material,  Trinidad  Pitch  Lake  as- 
phalt was  used  in  its  resurface. 

Petroleum  residuum  was  used  as  a  flux 
and  the  very  best  of  material  and  work- 
manship  were   used  throughout. 

The  cost  of  materials  used  in  the  plant 
was   as   follows : 

California  asphalt.  $23  per  ton. 

Trinidad  asphalt,  $29  per  ton. 

Limestone  dust,  $3  per  ton. 

Residuum   oil,  average  5  cts.  per  gallon. 

Sand.  90  cts.  per  cu.  yd. 

Common  labor  was  paid  20  cts.  per  hour, 
skilled  asphalt  men  received  $2.50  per  8- 
hour  day,  teams  were  paid  for  at  rate  of 
$3.50  per  day,  roller  engineers  received 
$3.50  per  day,  and  foremen  received  $4  per 
day. 

The  plant  has  been  in  charge  of  Sam. 
R.  Murray,  Superintendent,  to  whom  we 
are  indebted  for  the  above  information. 


-Approximately  315  lin,  ft,  of  advance 
were  made  in  Gunnison  Tunnel  on  the 
Colorado,  Uncompahgre  Valley  Project  of 
the  LI.  S.  Reclamation  Service  during  De- 
cember, leaving  3,600  lin.  ft.  yet  to  be 
excavated.  Practically  all  of  the  advance 
of  the  month  was  made  in  the  Cedar  Creek 
heading.  This  heading  has  been  carried 
on  in  dry  granite.  The  average  flow  from 
Cedar  Creek  portal  during  December  has 
lieen  10.3  second-feet;  325  lin.  ft.  of  con- 
crete lining  were  placed  during  the  month 
in  the  Cedar  Creek  heading.  At  the  end 
of  December  the  Gunnison  Tunnel  as  a 
whole  was  73  per  cent  completed. 
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The  Young  Civil    Engineer.* 

IIY   Elr.E.NE   W.    STfUN. 

The  question  wliich  .i  younR  man  kocps 
abking  himself  continually  through  his 
college  days,  and  especially  just  before  he 
graduates,  is,  "What  shall  I  do  next?"  I*, 
is  a  very  important  question,  and  one  th-.it 
shoi'ld  be  carefully  considered,  for  this  is 
really  a  critical  -^taKc  in  his  career.  I  shall 
try  to  help  a  little  by  drawing  from  my 
own  experiences,  confining  my  remarks  to 
the  work  of  the  civil  engineer,  that  being 
the  profession  I  have  followed. 

Kow  what  line  of  work  or  specialty  i* 
the  voting  gradiiale  aiming  to  follow  later 
in  life'  Does  he  wish  to  l>e  in  professional 
practice  as  a  consulting  engineer,  or  be  the 
engineer  employed  by  a  railroad  or  other 
corporation  cr  contractor,  or  does  he  wish 
to  engage  in  contracting  or  manufactur- 
ing? 

This  question  need  not  be  answered  at 
once,  nor  can  it  be  until  he  has  had  some 
years  of  varied  practical  experience  and  is 
able  to  judge  for  himself. 

Kow  I  think  it  will  be  conceded  that  to 
be  a  successful  engineer  or  to  be  really 
successful  in  the  broad  sense  in  any  of  the 
higher  callings,  a  clear  knowledge  of  a 
large  area  of  life  should  be  acquired,  be- 
cause only  this  can  give  breadth  and  poise 
and  ability  to  handle  large  problems  and 
develop  in  one  executive  ability  and  what 
may  be  called  the  ethical  qualities,  or  quali- 
ties of  leadership,  as  distinguished  from 
the  technical. 

Technical  qualifications  there  must  be, 
but  these  alone  will  not  place  one  among 
the  chosen  of  his  profession.  There  nuist 
also  be  the  ability  to  inspire  confidence  in 
those  desiring  to  make  use  of  one's  serv- 
ices, which  confidence  can  only  be  based 
on  ciiaracter,  temperament,  and  training, 
and  the  ability  to  inspire  emp'oyes  with  a 
love  of  system  and  order,  to  maintain  dis- 
cipline without  harshness,  and  economy 
without  parsimony. 

There  must  be  endurance  of  mind  and 
body,  anil  adaptability,  thoroughness,  effi- 
ciency, intensity,  and  imagination  for  pos- 
sibilitie-.  Having  thus  briefly  outlined  the 
necessary  qualifications  for  the  successful 
engineer  as  they  appear  to  me,  let  us  see 
now  how  the  necessary  preliminary  train- 
ing may  be  obtained  without  loo  much  loss 
of  time. 

The  young  engineer,  when  he  graduates 
at  the  University  of  Toronto,  has  a  splen- 
did technical  foundation.  I  do  not  believe 
a  better  one  can  be  obtained  anywhere 
else.      He   has   been    thoroughly    trained    in 
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the  fundamental  principles  of  his  profes- 
sion, and  no  college  or  university  should 
try  to  do  more  than  this.  There  may  be 
post  graduate  work  along  special  lines  of 
investigation,  it  is  true,  but  the  real  post 
graduate  work  can  only  be  done  out  in  the 
world  when  he  conmiences  to  take  a  hand 
in  the  game  of  life. 

The  college  cannot  place  responsibility 
on  one's  shoulders,  whereas  as  soon  as 
practical  work  is  begun  this  burden  im- 
mediately commences  to  be  felt,  even  if 
the  position  held  is  a  very  subordinate  one. 
In  college  tlie  young  engineer  has  just 
commenced  to  learn  engineering,  having 
completed  only  the  ground  work  of  his 
education,  and  he  should  begin  at  the  bot- 
tom in  practical  work. 

Such  was  the  advice  given  by  Dean  Gal- 
braith  twenty- four  years  ago  to  our  gradu- 
ating class,  and  my  experience  has  been 
that  there  could  have  been  none  better. 

The  first  years  after  leaving  college, 
therefore,  should  be  spent  in  obtaining  ex- 
perience, as  broad  as  possible,  just  as  the 
young  graduate  physician  does  in  going 
from  one  hospital  to  another  to  improve 
liimself  and   broaden   his   training. 

In  our  profession  in  the  early  stages, 
the  old  motto  about  '"The  Rolling  Stone" 
does  not  apply.  While  the  young  engineer 
does  not  gather  moss  he  gathers  what  is 
much  better,  experience — experience  of  the 
world,  experience  of  men  and  of  things, 
and  bis  corners  get  rounded  off. 

It  was  just  for  this  reason  that  in  former 
days  the  artisan,  having  completed  his  term 
of  apprenticeship,  started  out  as  a  journey- 
man, to  improve  himself  by  travel  and  va- 
riety of  experience  through  contact  with 
the  outside  world  in  different  places  before 
>eltling  down  to  his  vocation. 

The  young  engineer,  therefore,  should 
CDUunence  at  the  bottom,  seeking  that  em- 
ployment which  will  bring  him  out  on  tlie 
work,  so  that  he  can  see  how  engineering 
construction  is  actually  carried  on,  and  how 
men  are  handled.  He  should  learn  as  early 
as  possible  to  understand  men,  not  only  the 
man  with  the  pick  and  shovel,  the  iron  erec- 
tor, or  the  concrete  mixer,  but  also  the 
man  above  him.  This  knowleclge  cannot  be 
acquired  too  early,  nor  can  the  subject  be 
studied  too  carefully.  It  is  of  much  great- 
er importance  to  his  future  advancement 
than  technics  alone. 

He  will  soon  learn  some  fundamental 
things.  He  will  find  that  the  day  laborer  is 
a  human  being,  having  all  the  human  weak- 
nesses of  character  which  we  have,  perhaps 
more  accentuated  on  accotuit  of  his  lack 
of  education,  but  having  at  the  same  time 
a  sense  of  right  and  wrong.  It  will  be 
found   that   he   can   be    reasoned    with   and 


under  pro|KT  leadership  takes  pride  in  his 
work. 

It  will  be  found  that  the  man  who  is  able 
best  to  direct  these  men  is  not  the  loud- 
swcaring  boss,  but  the  quiet-nianncred  man 
of  firm  character,  who  thoroughly  knows 
his  work,  and  gels  it  done  riglit  without 
much  friction.  He  has  a  pleasant  word  for 
everyone  who  is  doing  his  duty.  .\nd  those 
who  are  not  doing  their  duty  are  not  on 
the  job;  but  let  it  not  he  forgotten  that  this 
type  of  leader  knows  his  work  thoroughly. 
In  his  spare  moments  he  is  thinking  out 
methods  of  how  to  economize  in  labor  and 
how  to  protect  his  men  against  accident? 
and  also  how  to  conserve  his  employer's 
interests ;  he  is  never  found  drinking  with 
his  men;  they  must  respect  him. 

There  are  such  men  as  these,  born  lead- 
ers, on  all  kinds  of  work — in  the  back- 
woods, on  construction,  and  in  the  shop. 
Kven  if  one  never  becomes  a  contractor 
nor  employs  labor,  he  must  learn  to  appre- 
ciate this  type  of  man,  because  some  day 
when  he  is  high  enough  up  there  will  be 
such  men  under  him,  and  he  must  know 
how  to  win  their  respect  and  confidence. 

The  engineer  may  be  ever  so  successful 
as  an  office  man,  still  some  day  he  will  find 
that  his  lack  of  knowledge  of  men  is  a  very 
serious  obstacle  in  his  upward  career,  for 
an  engineer  to  rise  to  the  top  must  be  a 
leader  among  men. 

My  advice,  therefore,  on  starting  out  in 
lite  to  the  young  engineer  is  that  he  should 
not  put  on  any  academic  frills  or  patro- 
nizing airs.  There  will  be  very  unpleasant 
experiences  otherwise,  and  such  deport- 
ment is  a  great  handicap.  He  should  Ih: 
modest  and  thorough.  If  he  is  of  the 
right  stuff  he  is  bound  to  come  up.  with- 
out any  such  useless  accessories. 

.\ow,  what  kind  of  work  will  enable  one 
to  gain  the  best  experience  in  the  shortest 
time,  for  mass  of  experience  alone  does 
not  count  unless  it  is  broad  and  varied. 

Railroad  construction  on  heavy  work, 
especially  in  unsettled  countries  or  out-of- 
the-way  places,  is,  I  believe,  the  very  best 
kind  of  experience  to  get  immediately  aft- 
er leaving  college,  because  one  gets  up 
ag:iinst  first  principles,  as  it  were,  and  sees 
bow  things  are  done  from  the  very  bot- 
tom. 

The  life  breeds  self-reliance  and  dispo- 
sition to  stand  physical  hardships,  both  of 
which  are  indispensable,  and  should  be 
learned  early,  and  the  staff  is  thrown  into 
more  intimate  relationship  than  in  more 
settled  communities.  Besides  railroad  con- 
struction will  enable  one  to  see  all  kinds 
of  work  under  way — the  surveying,  the 
clearing  of  the  timber,  earthwork,  rock  ex- 
cavation, masonry,  concrete,  pile-driving, 
bridge  building,  tr.ick  laying,  and  ballasting, 
and  perhaps  tunneling,  and  it  will  be  a  life 
out  in  tlie  open  air.  and  the  further  away 
from  civilization  for  a  time  the  better  the 
experience. 

It  may  be  necessary  to  commence  the 
work   in  the  wilderness,  where  even   food 
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supplies  at  first  may  have  to  be  brought  in 
on  the  backs  of  men,  exemplifying  the  ear- 
liest and  most  primitive  methods  of  trans- 
portation :  and  when  the  work  is  finally 
completed  and  the  welcome  locomotive  ap- 
pears at  the  end  of  track,  one  engaged  in 
such  work  will  have  seen  the  quick  evolu- 
tion in  a  few  short  months,  from  the  most 
primitive  to  the  most  advanced  methods 
of  transportation,  made  possible  by  the 
gradual  progress  of  scietice  throughout  the 
many  centuries,  by  the  knowledge  it  has 
given  the  modern  engineer  to  enable. him 
to  control  the  forces  of  nature  for  the 
benefit  and  use  of  mankind. 

The  lessons  thus  learned  arc  never  for- 
gotten. Often  do  I  find  myself  recalling 
with  profit  some  experience  gained  on  my 
railroad  and  survey  work  of  many  years 
ago.  Even  the  hardships,  the  rough  life, 
the  plain  food  (and  sometimes  even  the 
lack  of  this),  the  mosquitos  and  black  flies 
and  other  things,  are  remembered  with 
pleasure,  for  it  was  a  life  of  strenuous 
work  along  the  blazed  trail,  through  the 
unknown  forest  and  over  the  hills,  and  it 
was  a  struggle  with  the  elemental  forces 
of  nature,  and  somehow  most  of  us  have 
enough  of  the  primitive  man  in  us  to  in- 
stinctively enjoy  what  our  ancestors  had 
to  do. 

After  having  two  or  three  years'  expe- 
rience on  railroad  or  other  constructional 
work  in  a  more  or  less  subordinate  posi- 
tion, it  is  time  for  a  change  back  to  the 
office;  and  I  would  suggest  entering  a 
bridge  or  structural  shop,  commencing  in 
the  draughting-room  on  shop  drawings. 

I  have  suggested  a  bridge  and  structural 
shop  for  the  first  experience  at  the  shop, 
because  the  training  there  obtained  is  fun- 
damental. All  the  methods  are  generally 
developed  to  a  high  degree  of  refinement, 
and  economy  has  been  very  carefully 
studied  both  in  manufacture  and  handling 
of  the  material. 

A  large  concern  is  not  desirable,  because 
the  detailing  work  is  very  much  sub-di- 
vided; however,  a  few  months'  experience 
in  such  a  place  would  do  no  harm,  if  only 
to  learn  their  methods ;  but  in  a  smaller 
concern  there  is  more  chance  of  seeing 
what  is  being  done  in  the  shop,  and  very 
often  it  is  possible  to  be  sent  out  on  the 
erection. 

One  will  be  able  to  learn  the  fundamen- 
tals of  shop  work  at  first  hand,  such  as 
template  and  pattern-making,  the  use  of  the 
tools,  the  handling  of  the  material  by 
cranes  and  derricks,  and  the  making  of 
erection  plant  and  rigging. 

In  the  office  the  instruction  is  also  fun- 
damental, and  the  knowledge  gained  ap- 
plies to  many  branches  of  engineering  out- 
side of  buildings  and  bridges. 

It  must  not  be  thought  for  one  instant 
that  a  draftsman  is  an  engineer.  An  engi- 
neer must  be  a  draftsman,  just  as  he  must 
know  a  good  deal  about  surveying,  al- 
though a  surveyor  is  not  necessarily  an 
engineer. 


He  should  spend  every  moment  of  his 
spare  time  in  watching  the  work  he  details 
go  through  the  shop,  and,  if  possible, 
should  see  how  it  is  erected.  In  my  early 
days  I  used  to  put  in  the  time  after  draft- 
ing hours,  and  even  at  nights,  when  the 
shop  was  working  overtime,  in  the  shops, 
in  order  to  get  posted  on  the  process  of 
manufacturing.  No  reasonable  employer 
will  refuse  this  permission,  and  if  such  is 
not  granted  I  would  advise  a  change  to 
some  other  establishment.  It  has  been  my 
experience  that  the  high  grade  employer 
was  very  willing  and  an.xious  to  have  his 
office  men  take  an  interest  in  such  things — 
he  is  looking  for  just  that  kind  of  men. 

One  should  be  punctual,  and  not  be  the 
last  to  come  in  and  the  first  to  quit  work. 
He  should  be  diligent  and  intense  in  his 
work,  and  not  loaf  or  "soldier"  like  the  old 
fellows — they  remain  draftsmen  all  their 
life.  He  should  be  thorough,  using  great 
care  to  be  exact  when  necessary.  For  in- 
stance, very  often  drawings  may  be  free- 
hand .sketches  if  tlie  figures  are  correct, 
and  all  the  information  given.  Shop  draw- 
ings, nowadays,  are  largely  conventional. 
It  is  not  really  drafting  in  the  broad  sense 
of  the  word  at  all ;  therefore,  do  not  waste 
time  on  unnecessary  work,  but  be  very 
careful  not  to  omit  information  that  the 
man  in  the  shop  needs.  These  remarks  do 
not,  of  course,  apply  to  scale  drawings, 
which  should  be  carefully  and  neatly  made. 

It  is  of  great  importance  to  know  how  to 
letter  neatly  and  rapidly.  It  very  often 
aids  one  to  obtain  the  first  position  in  the 
drafting-room,  for  very  likely  the  first 
question  asked  the  applicant  is,  after  hav- 
ing stated,  that  he  has  had  a  technical  edu- 
cation, is  to  see  samples  of  his  drafting, 
and  if  the  lettering  is  done  neatly,  not  only 
may  it  get  him  a  position,  but  secure  his 
advancement  much  more  rapidly  from  the 
drafting  of  shop  details  to  the  making  of 
general  plans. 

It  is  not  nececsary  or  advisable  to  stay 
for  months  on  shop  details  of  simple  work. 
.\fter  the  routine  is  acquired,  one  should 
try  to  get  advanced  to  more  difficult  work 
by  winning  his  employer's  confidence  in  his 
ability  to  do  it. 

He  should  not  get  despondent  if,  by  rea- 
son of  lack  of  openings,  he  has  to  stay 
longer  in  a  subordinate  position  than  he 
feels  he  ought  to.  He  will  know,  if  he 
is  honest  with  himself,  when  the  time 
comes  to  make  a  change  to  another  em- 
ployer. 

He  should  be  very  careful,  however,  not 
to  change  unless  for  a  very  good  reason. 
"Stickativeness"  at  the  right  time  is  a  valu- 
able asset,  but  when  he  does  leave  he 
should  try  .his  level  best  to  make  his  de- 
parture a  source  of  regret,  rather  than  of 
joy,  to  his  former  employer. 

While  at  the  bridge  shop  the  method  of 
organization  should  be  thoroughly  studied. 
It  is  a  splendid  opportunity,  and  should  not 
be  lost. 


Carnegie  was  once  asked  to  write  an 
article  on  Organization.  He  said  he  would, 
but  his  price  would  be  very  high.  "How 
high?"  was  asked.  "Five  million  dollars," 
was  his  answer.  The  knowing  how  to 
create  such  an  organization  as  the  Car- 
negie Steel  Co.  was  worth  that  amount  to 
anyone  who  really  wanted  to  know.  He 
further  said :  "You  may  take  all  the  ma- 
chinery, all  the  plant,  all  the  business,  away 
from  the  Carnegie  Steel  Co.,  but  leave  me 
my  staff  and  organization,  and  I  will  have 
it  all  back  in  five  years."  He  has  often 
said  that  his  success  in  life  has  been  due 
to  his  knowdedge  of  men. 

The  knowing  how  to  perfect  an  organi- 
zation of  human  machinery  is  the  most 
valuable  knowledge  one  can  have,  and  ex- 
ceeds technical  qualifications,  but  one  must 
know  the  technics  in  general  to  be  able  to 
perfect  an  organization. 

One  should  stay  at  the  shop  long  enough, 
if  he  ultimately  thinks  of  becoming  a 
bridge  or  structural  engineer,  to  know 
how  to  design,  detail,  build  in  the  shop, 
and  erect  buildings  and  bridges.  In  my 
opinion,  no  engineer  is  thoroughly  compe- 
tent to  design  unless  he  knows  also  how  to 
construct  the   work  which   he   designs. 

After  being  at  this  work  three  or  four 
years,  and  having  already  been  on  con- 
struction two  or  three  years,  the  young  en- 
gineer will  have  completed  the  bottom 
course  of  his  foundation  in  practical  work. 
He  will  have  been  up  against  first  prin- 
ciples, as  it  were,  in  both  construction  in 
the  field  and  in  the  shop.  He  should  now 
look  about  him,  and  try  to  see  whither  he 
should  begin  to  steer.  He  will  by  this 
time  be  able  to  tell  from  his  own  expe- 
riences, whether  or  not  he  wants  to  re- 
main a  professional  civil  engineer  with 
some  specialty  ultimately  in  view  or 
whether  or  not  to  go  into  some  line  of 
manufacturing  work  or  contracting. 

If  at  this  time  he  has  the  means  to  travel 
he  should  spend  a  year  abroad  if  he  in- 
tends being  a  professional  engineer,  study- 
ing European  methods  and  designs.  This 
study  should  be  abroad  and  far-reaching. 

He  need  not  hesitate  about  engaging  in 
manufacturing  or  contracting  work  if  he 
has  the  taste  for  it.  The  technical  training 
and  practical  experience  already  obtained 
are  a  splendid  foundation  for  this.  He 
will  be  able  to  tell  when  the  time  comes 
whether  or  not  he  is  fitted  for  this  kind  of 
work.  One's  temperament  has  a  great  deal 
to  do  with  his  success  as  a  contractor  or 
manufacturer. 

It  is  of  value  to  know  something  about 
bookkeeping  and  stenography  might  be 
valuable,  as  there  are  many  cases  where 
private  secretaries  have  been  able  to  rise 
to  very  important  positions. 

Another  important  thing  is  the  keeping 
of  costs  of  all  kinds  of  work.  My  practice 
has  been  to  keep  these  on  regular  card  in- 
dex-filing cards.  The  cost  memos  should^ 
to   be   of   any   value,    record  not   only  the 
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ainuuiit  of  the  malcrial  iisrd  and  ilic  price 
per  unit  for  this  material,  but  aNo  the 
number  of  hours  and  rate  of  wages  of  the 
dilTcrent  kinds  of  labor. 

The  salary  which  an  engineer  receives 
during  his  tirst  years  is  of  the  least  ini- 
IKjrtance.  In  seeking  employment  it  should 
be  the  value  of  the  experience  in  building 
his  foundation  of  knowledge  which  should 
count,  unless,  of  course,  there  arc  special 
reasons  why  he  should  earn  as  much  salary 
as  possible. 

I  do  not  mean  to  say  he  should  be  satis- 
lied  with  a  nominal  salary  or  less  than  what 
is  the  prevailing  rate  of  compensation  for 
the  same  kind  of  work.  This  he  should 
obtain,  as  he  would  be  doing  both  himself 
and  his  profession  an  injustice  if  he  does 
not.  What  I  mean  to  s;iy,  however,  is 
that  if  two  positions  are  offered,  in  one  of 
which  the  salary  is  less  than  the  other,  but 
in  which  there  is  a  chance  of  obtaining 
more  varied  practical  knowledge  and  ulti- 
mately securing  greater  salary,  the  former 
should  be  selected  instead  of  the  latter. 

Each  position,  no  matter  how  subordin- 
ate, should  be  looked  upon  as  a  stepping- 
stone  to  something  better,  and  every  ex- 
perience,, even  if  unfortunate,  be  reniem- 
Iwred,  for  such  lessons  are  of  great  value. 
One  actually  learns  more  from  his  failures 
than   from  his  successes. 

I  have  been  asked  frequently  by  young 
engineers  if  they  should  accept  positions  in 
the  tropics  in  unhealthy  districts,  and  my 
advice  has  always  been  not  to  do  so,  for 
one  should  not  handicap  his  whole  future 
career  by  risking  his  health  in  his  early 
years,  and  it  is  not  at  all  necessary.  There 
are  plenty  of  positions  open  in  Canada  and 
the  L'nited  States,  and  there  is  always  a 
scarcity  of  thoroughly  competent  men  to 
fill  lluin. 

As  to  positions  in  Municipal  Bureaus  or 
under  the  Government.  I  would  advise 
against  these  in  the  earlier  stages  of  prac- 
tical work,  because  I  think  that  broad  and 
strenuous  experience  is  better  gained  else- 
where. It  is  time  enough  after  the  founda- 
tion has  been  thoroughly  laid  to  step  into 
a  position  under  Governmeni,  if  it  is  de- 
sirable. 

.And  ncnv,  just  a  few  words  more  of  ad- 
vice to  the  young  engineer.  He  should  not 
drag  out  the  work  he  has  to  do.  in  attempt- 
ing a  degree  of  refinement  which  it  does 
not  warrant,  yet  he  should  not  get  careless ; 
when  he  feels  that  he  is  getting  that  way 
he  should  shake  himself  up  a  bit,  or  the 
boss,  if  he  is  of  the  right  kind,  will  surely 
do  so.  He  should  apply  the  rule  of  com- 
mon sense  to  everything  he  does.  .After 
having  completed  a  design,  for  instance, 
let  him  forget  all  about  the  theory  and 
mathematics  involved,  and  try  to  look  at 
it  from  the  standpoint  of  practicability — 
the  shop  processes,  the  erection  of  the  work 
in  the  field.  Let  him  seek  eagerly  the  re- 
sults of  practical  experience,  and  listen 
with  respect  to  advice  of  even  tli<-  nilr  nf- 


thumb  practical  man  who  knows  his  work. 
He  should  not  try  to  get  anoilier  man's  job. 
He  should  be  loyal  to  the  man  above  him. 
If  he  cannot  be  so  on  account  of  this  man's 
lack  of  integrity,  he  should  either  ask  for 
a  change  or  resign.  Hut  only  a  peculiarity 
of  temperament  in  his  employer  is  not  a 
sufficient  excuse  for  a  change.  One  must 
learn  to  be  tactful  and  to  get  along  with 
people  both  above  and  below  him. 

.A  tendency  to  change  one's  position  too 
often  without  just  cause  shows  a  lack  of 
steadfastness. 

.An  employer  alw.iys  waius  to  know  why 
one  seeking  employment  has  changed  from 
one  position  to  another,  and  the  reasons 
given  arc  carefully  considered  in  the  esti- 
mate he  forms  of  the  applicant's  character. 

I  would  advise  in  making  application  for 
positions  to  clearly  but  briefly  state  exactly 
what  the  previous  positions  have  been,  and 
the  experience  obtained,  and  the  reasons 
for  leaving  each  of  these. 

•A  copy  of  a  testimonial  from  each  em- 
ployer should  be  sent  with  the  application. 
.A  personal  interview  is  always  to  be  de- 
sired if  possible,  as  it  enables  the  employer 
to  "size  up"  his  man. 

The  young  engineer  should  associate 
himself  with  the  local  engineering  club  if 
one  happens  to  exist,  and  should  early  join 
the  Canadian  or  .American  Society  of  Civil 
Engineers,  or  both,  and  keep  fully  abreast 
of  the  times  in  technical  matters.  He 
should  mix  with  those  in  other  professions 
and  with  business  men,  and  become  known 
in  the  place  where  he  lives.  Besides,  he 
should  not  neglect  his  general  education, 
for  after  leaving  college  he  has  only  com- 
menced to  be  educated  in  the  broad  sense. 
His  reading  should  be  as  diversified  as  pos- 
sible—in liistory,  economics,  and  general 
literature,  so  that  some  day  he  may  become 
a  well-balapccd  all-around  man.  net  only  a 
credit  to  the  noWe  profession  he  has 
chosen  for  his  life's  work  and  to  his  .Alma 
Mater,  but  also  to  the  community  wlierem 
he  lives. 


The  grand  total  of  excavation  at  all 
points  on  the  line  of  the  Isthmian  Canal, 
from  the  day  on  which  the  .Americans  took 
control.  .May  -I,  l!li>4.  down  to  the  close  of 
l!N»f<.  is  .■.!l.77:i,l7!»  en.  yds.  The  yearly  out- 
put has  been  as  follows  : 

Cu.  yds. 
May    I  to  Dec,  :il.   l!lo|  -.M.I.JTe 

Jan.  1  to  Dec.  M.  IW-I l.TW.'J^T 

Jan.   I   to  Dec.  .'M.  lOOfi 4.!»l8.-in7 

Jan.   1    to   Dec.  MI.    1!K»7 l.*..7tM.J<)<.l 

I..n    I   to  Dec.  31.  V.m .37,010.093 


■i.il  under  American  control. 59,773,179 


During  the  month  of  December  ]'2J>00 
cu.  yds.  of  masonry  were  placed  in  the 
Roosevelt  Dam  of  the  .Arizona  Salt  River 
Project  by  the  U.  S.  Reclamation  .Service. 
This  brought  the  dam  to  an  average  ele- 
\;iliiin   •■''   >.■.    I'l 


Cost    of   Constructing   a   66-in  Brick 
Sewer  at  Gary,  Ind. 

The  meihuils  and  cost  01  consiructmg  a 
brick  sewer  of  oval  section,  0  ft.  :.'  ins.  x  8 
ft.  II  ins.  in  size,  at  Gary,  Ind.,  were  pub- 
lished in  our  issues  of  .Aug.  .1  and  Oct.  7, 
ISM*.  This  oval  section  changes  to  a  cir- 
cular Section  tiO  ins.  in  diameter  and  then  to 
a  circular  .section  <!<•  inc.  in  diameter  which 
continue  the  sewer  inland.  The  costs  of 
the  circular  sections,  4.f>62  ft.  long,  have 
recently  been  compiled  from  inspectors' 
and  lime  keepers'  reiHirts  by  City  Engineer 
.A.  P.  .Melton  ami  .Xssistant  Engineer  E.  M 
Scheflow  and  are  given  us  for  publication. 

The  land  through  which  the  sewer  passes 
consists  of  alternating  ridges  and  marshes 
diflfering  in  elevation  about  10  ft.  The 
trench,  therefore,  varied  in  depth  between 
a  maximum  of  24  ft.  and  a  minimum  of  14 
ft.,  an<l  averaged  17  ft.  in  depth.  The  ma 
tenal  trenched  was  a  fine  sand  .saturated 
with  water  to  a  height  of  13  to  14  ft.  above 
the  bottom  of  the  trench.  The  water- 
soaked  sand  was  very  unstable,  taking  a 
slope  of  about  1  on  1.5  when  unconfined. 

The  method  of  excavation  was  to  take 
out  a  wide  cut  between  natural  banks  to 
about  watcrline  level,  then  to  drive  slicet- 
ing  and  excavate  between  it  to  subgrade. 
To  permit  excavation  between  sheeting  the 
sand  was  freed  of  its  water  to  below  sub- 
grade  level  by  sinking  batteries  of  well 
points  and  pumping.  Full  details  of  the 
bleeding  plant  were  given  in  our  issue  of 
.Aug.  5,  1908.  The  wide  surface  cut  was 
made  with  a  drag  bucket  excavator,  with 
two  objects,  one  to  get  a  wide  working 
space  and  two  to  reduce  the  depth  of  sheet- 
ing. 

Construction  was  begun  .\ug.  1  and  fin- 
ished Oct.  I,  Ii)<>,x  Laborers  on  excavation 
sheeting,  pumping,  etc..  worked  a  10-hour 
day :  tenders,  cement  Jiiixers  and  helpers  to 
bricklayers  workcti  a  9-hour  day:  brick- 
layers worked  an  8-hour  day:  firemen  on 
pumps  worked  in  12  lioiTr  shifts,  and  ex- 
cavating machine  crews  worked  a  9-hour 
•lay.  The  costs  of  the  various  items  of  the 
work  were  as   follows : 

Drag  Bucket  Exeai-alor  Jfort.— The  pre- 
liminary cut  was  about  30  ft.  wide  and 
from  4  to  10  ft.  deep:  there  were  .33,350 
cu.  yds.  of  excavation  for  the  4.062  ft.  of 
sewer  or  about  8  21  cu.  yds.  per  lin.  ft.  The 
excavator  workeil  8.3.5  shifts  and  so  aver- 
aged nearly  400  cu.  yds.  per  shift  of  9- 
hours.  The  cost  of  operating  the  exca*-a- 
tor  was  as  follows : 

H"n.  Per  9  hr.  Shift. 

I  engineman  at  $1!  $6.00 

I  fireman  at  $.3..'>0.  .  n,50 

4  laborers  at  $2...  S.OO 

Coal    (estimated)  .",00 

Oil.  repairs,  etc   .  ...   2.00 

Total    $24.50 

This  gives  a  cost  of  6.1  cts.  per  cu.  yd. 
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of  excavation  and  of  oO.S  cts.  per  lin.  ft.  of 
sewer. 

Excavation  by  Hand. — The  excavation 
between  sheeting,  approximately  8%,xl0  ft., 
was  done  by  hand,  scaffolding  the  mate- 
rial from  3  to  5  times  and  an  average  of 
4  times.  The  cost  of  the  vifork  was  as 
follows : 

Item.  Total. 

Foreman,  51  days  at  $3.25 $    165.76 

Laborers,  2,184  days  at  $2.25 4,914.00 

Total  $5,079.75 

This  gives  a  cost  of  39.4  cts.  per  cu.  yd., 
■  and  of  $1.25  per  lin.  ft.  of  sewer. 

Pumping. — The  pumping  plant  consisted 
of  3  No.  3  Emerson  pumps  drawing  from 
the  well  points ;  1  No.  2  Emerson  pump 
taking  water  from  the  pools  formed  be- 
hind the  drag  bucket  excavator ;  1  du- 
plex pump  for  boiler  feed,  jetting  points, 
wetting  brick,  etc.,  and  4  30-hp.  horizontal 
boilers  mounted  on  wheels.  This  plant 
worked  continuously.  The  cost  of  opera- 
tion was  as  follows : 

Item.  Total. 

Laborers  464  days  at  $2 $   928.00 

Fireman  439  days  at  $3.50 1,536.50 

Pipelinemen  1,2,38  days  at  $2.50....  3,094.00 

Foreman  27  days  at  $3.50 94.50 

Coal  GO  days  at  $15   (estimated)..      900.00 

Total    $6,553.00 

This  gives  a  cost  per  hneal  foot  of  sewer 
of  $1.61  for  pumping.  Charged  entirely 
against  the  excavation  between  sheetings 
which  was  closely  12,893  cu.  yds.,  tne  cost 
of  pumping  per  cubic  yard  of  excavation 
was  50.8  cts. 

Sheeting. — The  sheeting  consisted  of  2x8 
in.  X  12  ft.  plank  driven  close  on  each  side 
of  the  trench.  This  sheeting  was  braced 
apart  by  two  6x8  in.  walling  pieces  set  3 
ft.  apart  vertically  and  6x8  in.  .x  8%  ft. 
cross-braces  spaced  8  ft.  apart  along  trench. 
The  cost  for  sinking,  bracing,  pulling  and 
bringing  forward  was  as  follows : 

Item.  Total. 

Labor,  placing  and  driving,  392  days 
at  $2.25  $882.00 

Labor,  pulling  and  bringing  ahead, 
182  days  at  $2.25 409.50 

Foreman,  27  days  at  $3.50 94.50 

Carpenter,  36   days  at  $3 108.00 

Total    $1,494.00 

This  gives  a  cost  for  sheeting  of  36.8  cts. 
per  lin.  ft.  of  trench  and  of  11.6  cts.  per 
cu.  yd.  of  excavation  between  sheeting. 
There  were  about  73  ft.  B.  M.  of  sheeting 
and  bracing  per  lineal  foot  of  trench,  so 
that  the  cost  per  M.  ft.  B.  M.  was  practi- 
cally $5  for  labor  placing,  pulling,  etc. 

Laying  Brick  Server. — The  sewer  was 
built  of  two  rings  of  brick.  The  invert  was 
built    in   24-ft.    sections.     Wooden    centers 


with  lagging  16  ft.  long  were  used  in  lay- 
ing the  arch  and  2  men  knocked  the  centers 
down,  brought  them  forward  and  re- 
erected  them  as  fast  as  6  bricklayers  could 
work.     The  cost  of  laying  was  as  follows : 

;  Item.  Total. 

Bricklayers,  223  days  at  $10 $2,230.00 

Tenders,  112  days  at  $3.75 420.00 

Scaffoldmen,  111  days  at  $2.75 305.25 

Mixers,  225  days  at  $2.50 562.50 

Form  setters,  100  days  at  $3.75 375.00 

Laborers,  715  days  at  $2 1,430.00 

Carpenter,  18  days  at  $3 54.00 

Total    $.5,376.75 

This  gives  a  cost  of  $1.32  per  lin.  ft.  of 
sewer  and  of  $5.28  per  1,000  bricks  laid. 

Backfilling. — The  backfilling  to  a  height 
of  2  ft.  above  the  brickwork  was  done  by 
hand  and  for  the  remainder  of  the  height 
by  a  1-cu.  yd.  Hayward  clam  shell  excava- 
tor. The  backfilling  by  hand  called  for  277 
days"  labor  at  $2  and  cost,  therefore,  $554 
or  13.6  cts.  per  lin.  ft.  of  sewer.  The  cost 
of  the  clam-shell  excavator  work  was  as 
follows : 

Item.  Per  Shift. 

1  engineer  at  $6 $6.00 

1   fireman  at  $3 3.00 

3  laborers  at  $2 , 6.00 

Coal    (estimated)     5.00 

Oil.  repairs,  etc 2.00 

Total   $22.00 

There  were  55  shifts  worked  giving  a 
total  cost  of  $1,210.  In  addition  the  drag 
bucket  excavator  was  worked  backfilling 
for  18  shifts  at  $24.50  making  a  total  of 
$441.  Lumping  the  work  of  both  machines, 
the  cost  of  backfilling  was  40.6  cts.  per  lin. 
ft.  of  sewer  and  6.8  cts.  per  cu.  yd. 

Materials. — The  cost  of  materials  was  as 
follows : 

Item.  Total. 

1,018,000  brick  at  $5  per  M $5,090.00 

3,054  bags  Utica  cement  at  20  cts. .      610.80 
3,054  bags  Universal  cement  at  35 

cts 1,065.90 

Lumber   (estimated)    600.00 

Total    $7,369.70 

This  is  a  cost  of  $1.81  per  lin.  ft.  of 
sewer. 

Haiilin;/  Materials.— For  about  3,000  ft. 
of  the  work  all  materials  were  hauled  from 
the  railway  siding  in  2  cu.  yd.  steel  dump 
cars  running  on  narrow  gage  track.  The 
average  haul  was  1,700  ft.  For  the  re- 
mainder of  the  work  the  hauling  was  done 
with  teams :  brick  were  hauled  by  subcon- 
tract for  70  cts.  per  M.  Two  teams  were 
also  employed  throughout  the  work  to  haul 
supplies  from  local  dealers  and  to  haul 
coal  to  the  excavaters  when  they  were  be- 
yond reach  of  the  contractors'  railway. 
The  cost  of  hauling  was  as  follows : 


Item.  Total. 

Laborers,  767  days  at  $2 $1,534.00 

Foreman,  52  days  at  $3.50 182.00 

Brick,  hauled  by  team  at  70  cts.  per 

M 194.60 

Teams,  100  days  at  $5.50 550.00 

Total    $2,460.60 

The  cost  of  hauling  was  thus  60.7  cts. 
per  lin.  ft.  of  sewer. 

Superintendence  and  General  E.xpenses. 
— The  costs  under  these  items  comprised 
the   following : 

Item.  Total. 
Superintendent,   2  months  at  $150.  .$300.00 

General  foreman,  2  months  at  $150. .  300.00 

Master  mechanic,  1  month  at  $200..  200.00 

Clearing   right  of  way 80.00 

Waterboys,   160  days  at  $1.50 240.00 

Handy  teams,  52  days  at  $3 156.00 

Total    $1,226.00 

This  gives  a  cost  of  30  cts.  per  lin.  ft. 
of  sewer. 

Sununary. — Summarizing  the  costs  of  the 
work  per  lineal  foot  of  sewer  we  have : 

Item.  Per  Lin.  Ft. 

Drag  bucket  excavation $0,503 

Hand  excavation  1.250 

Pumping     1.610 

Sheeting     0.368 

Laying  sewer    1.320 

Backfilling  by  hand 0.136 

Backfilling  by  machine 0.406 

Materials    1.810 

Hauling  materials   0.607 

Superintendence  and   general 0.300 

Depreciation   of     plant,     repairs,     etc. 

(estimated)     1.500 

Total    $9,810 


Cost  of  Concrete  Bridges. — In  a  table 
covering  18  concrete  arch  bridges  recently 
built  in  Philadelphia  the  contract  price 
spread  upon  the  span  area — the  clear  span 
by  the  width— varies  from  $3.11  to  $9.74 
per  sq.  ft.  and  it  varies  from  $1.73  to  $7.39 
per  sq.  ft.  of  area  occupied  by  the  ground 
plan  to  ends  of  wings,  the  latter  extremes 
being  not  on  the  same  bridges  as  the  other 
two.  The  average  of  the  lot  was  $6.25  per 
sq.  ft.  of  span  area  and  $3.50  per  sq.  ft. 
over  all,  most  of  them  being  single  span 
bridges  with  long  wings,  and  all  being 
highway  bridges  designed  to  carry  loads  of 
40  tons  on  two  axles  20  ft.  apart.  All 
have  ornamental  concrete  balustrades  and 
washed  granolithic  surfaces  and  paved 
decks,  with  electrical  conduits  and  man- 
holes, and  water  pipe  and  sewer  well-holes 
and  some  have  pretty  deep  foundations. 
If  the  whole  contract  price  be  set  against 
the  yardage  of  the  concrete  in  the  struc- 
ture the  unit  costs  vary  from  $8.50  to 
$11.25  per  cu.  yd.,  averaging  $9.75.  Mr. 
Henry  E.  Quimby,  Engineer  of  Bridges, 
Philadelphia,  Pa.,  is  authority  for  these 
figures. 
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Methods  of  Weighing  Stone  on  Barges 
and  Scows. 

BV     HENRY     F.     AliXANDE*.* 

The  tollowing  is  a  description  of  the 
methods  employed  to  ascertain  the  weight 
of  stone  shipped  on  barges  and  scows  from 
the  Johnston  Island,  O.,  and  Kelley's 
Island,  O.,  quarries.  At  Johnston  Island 
the  scows  used  consisted  of  deck  scows 
without  derricks,  deck  scows  with  der- 
ricks and  dump  scows,  14  in  all.  Twelve 
of  these  belonged  to  Hughes  Bros.  & 
Bangs  and  two  to  Gaynor   Bros. 

At  Kellcys  Island  the  following  types 
of  boats  were  used:  L.  1'.  &  J.  A  Smith 
Co.  (now  property  of  Great  Lakes  Dredge 
&  Dock  Co.)  had  a  fleet  consisting  t)f  sev- 
eral old  schooners  that  had  been  disman- 
tled and  converted  into  stone  carriers, 
some  common  deck  scows,  and  two  steel 
derrick  scows :  the  Edward  Gillen  Dredge 
Dock  &  Construction  Co.  had  three  large 
derrick  scows :  the  Kelleys  Island  Lime  & 
Transport  Co.  had  two  wooden  deck 
scows,  two  steel  deck  scows  and  two  steam 
barges.  As  it  was  not  practical  to  weigh 
all  cargoes  on  scales  the  following  meth- 
ods were  used : 

L'sually  the  boats  were  "weighed  in" 
once  each  season,  sometimes  oftener. 
This  weighing  in  was  done  as  follows : 
The  stone  was  actually  weighed  over 
scales  and  then  placed  aboard  the  boat. 
The  water  displacement  was  closely  as- 
certained at  various  times  during  the  load- 
ing. L'ntil  about  C  or  8  years  ago  mark- 
ings were  made  at  the  fore  and  aft  part 
of  the  boat  on  the  outside.  These  out- 
side markings  were  not  satisfactory  except 
in  exceptionally  calm  weather,  something 
unusual  on  Lake  Eric,  especially  in  spring, 
consequently  the  following  methods  of 
gaging  the  displacement  were  adopted : 

.\  hole  was  bored  in  the  bottom  of  the 
boat.  In  this  was  tiglitly  fitted  a  pipe  of 
about  3  ins.  in  diameter.  This  pipe  ex- 
tended almost  to  the  deck.  In  this  pipe 
the  water  had  free  access.  In  the  side  of 
this  pipe  two  holes  were  made  and  short 
pipes  fitted,  each  with  a  throttle.  In- 
to these  two  pipes  a  glass  tube  was 
inserted  and  by  opening  the  throttles  the 
water  had  entrance  to  this  glass  tul)c.  To 
the  pipe  or  near  it  was  lirndy  fastened 
a  rod.  On  this  rod  were  drawn  cross 
lines  11.01  ft.  apart.  The  feet  were  marked 
in  large  red  numerals  and  tenths  of  a  foot 
in  smaller  black  numerals. 

Everything  being  in  readiness,  the  light 
gage  readings  were  taken,  i.  e..  gages  were 
read  before  any  cargo  was  aboard.  Then 
.SO  to  100  tons  (according  to  size  of  boat) 
which  had  been  weighed  over  the  scales, 
were  placed  abo.ird  and  the  gages  again 
read  and  displacement  noted.  This  reading 
of  the  gages  was  repeated  at  various  times 
during  the  loading  of  the  barge,  the  dis- 
placement always  being  noted.  The  dis- 
placement   for    any    amount    of    tons    was 
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luund  as  iollcws;  1  he  various  gages,  J 
to  tJ  (according  to  size  of  the  boat),  were 
read  and  their  average  found.  This  was 
before  any  cargo  was  aboard  and  was 
called  the  light  gage  reading.  Then  after 
a  part  or  all  of  the  cargo  was  aboard  the 
gages  were  again  read  and  their  average 
taken.  From  this  last  average  the  first 
was  taken,  the  difference  being  the  dis- 
placement. The  gages  were  placed  fore 
and  aft,  only,  in  the  smaller  boats,  near 
bow  and  stern,  and  as  near  the  keel  as 
possible.  In  larger  boats  there  would  be 
one  gage  fore,  one  midship,  and  one  aft, 
and  in  the  largest  boats  there  was  a  gage 
at  the  fore,  one  midship,  and  one  aft,  all 
on  starboard  side,  and  one  opposite  each  of 
these  gages  on  port  side,  or  6  in  all. 

.-Vfter  the  weighing  in  of  a  boat  was  sat- 
is f.ictorily  completed,  tables  were  compiled 
from  the  various  gage  readings  and  their 
corresponding  tonnages  and  these  tables 
were  used  for  coinputing  the  future  loads 
of  this  boat.  These  tables  were  computed 
for  every  0.005  ft.  displacement  from  the 
lowest  probable  loading  to  the  highest. 
.\ftcr  a  boat  had  been  satisfactorily 
weighed  in,  all  that  was  necessary  to  as- 
certain tonnage  of  a  load  was  to  read 
ga.vjci  before  loading,  then  place  entire  car- 
go and  read  gages  again,  deduct  former 
from  latter  and  refer  to  table. 

Great  care  must  be  exercised  in  weigh- 
ing in  a  boat.  \  capable  man  should  do 
the  weighing  at  scales  and  another  ex- 
perienced man  should  do  the  gage  reading. 
The  amount  of  water  in  the  hold  of  the 
boats  should  be  as  small  as  possible  and 
must  be  as  near  as  possible  the  same  dur- 
ing the  entire  weighing  in.  The  work 
should  be  done  in  dry  weather,  if  practical, 
as  a  heavy  rain  during  the  progress  of  the 
work  will  materially  aflfect  results.  Th« 
work  should  be  done  where  the  sea  is  in 
at  least  a  moderately  quiet  condition — the 
quieter  the  better. 

Some  boats,  especially  the  larger  and 
rigidly  built  ones,  like  "Derrick  Scow  No. 
21"  of  the  Great  Lakes  Dredge  &  Dock 
Co.  fleet,  and  the  stoutly  built  "Dwight  G 
Cutler"  of  the  K.  1.  L.  &  T.  fleet,  can  be 
much  easier  and  more  accurately  weighed 
in  than  smaller  an<l  more  flexible  boats 
like  the  old  dismantled  schooners  such  as 
the  "H.  P.  Baldwin"  and  others. 

There  are  several  advantages  in  com- 
puting tonnage  by  displacement  over  the 
method  of  computing  cubic  contents  of 
cargo  and  reducing  to  tons.  .\  few  of 
these  are  as  follows : 

( 1 )  The  weight  of  a  cubic  foot  of  stone 
from  one  quarry  is  not  always  the  same 
,-is  of  a  cubic  foot  of  stone  from  another 
([uarry,  even  in  the  immediate  ncighbor- 
liood.  At  Kelleys  Island  quarries  the 
writer  found  a  difference  of  about  15  per 
cent  in  the  weight  of  stone  taken  from  two 
quarries  not  over  a  quarter  of  a  mile  apart, 
both  limestone  quarries.  The  stone  from 
tiolh  these  quarries  was  loaded  at  the  same 


duck  and  usually  a  cargo  consisted  of  stone 
from  both  quarries.  The  stone  was  usually 
of  rough,  irregular  shaped  stones.  In 
view  of  the  above  facts  it  would  be  quite 
difficult  to  ascertain  tonnage  by  measure- 
ment of  cubic  contents.  In  computing 
tonnage  by  displacement  this  difficulty  was 
all  avoided  and  an  accurate  result  ob- 
tained, as  on  a  deck  scow  the  displacement 
per  ton  is  same  whether  cargo  consists  of 
heavy  stone,  light  stcne  or  feathers.  This 
does  not  apply  to  dump  scows  as  noted 
below. 

(2)  Considerable  care  must  be  exer- 
cised in  loading  stone,  even  if  all  is  ap- 
proximately uniform  in  size  and  weight, 
so  as  to  be  able  to  accurately  ascertain 
tonnage  from  cubical  contents  as  the  size 
of  the  voids  depend  on  how  well  the  load- 
ing is  done.  When  computing  by  displace- 
ment all  that  is  necessary  is  to  keep  the 
boat  on  approximately  even  keel. 

In  loading  dump  scows  the  displacement 
per  ton  varies  considerably  owing  to  size 
of  stone,  the  smaller  the  stone  the  more 
tons  will  there  be  per  foot  displacement 
and  vice  versa  the  larger  the  stone  the  less 
tons  per  foot  displacement.  This  is  due 
to  the  fact  that  in  dump  scows  the  water 
has  free  access  into  the  pockets  and  fills 
the  voids  in  cargo  and  must  be  considered 
and  its  weight  included.  The  smaller  the 
stone  the  smaller  will  be  the  voids  and 
consequently  less  water  so  that  more  tons 
of  stone  will  be  required  per  foot  of  dis- 
placement and  vice  versa. 

In  weighing  in  dump  scows  at  Johnson 
Island  the  writer  weighed  one  scow  three 
times,  once  using  large  stone,  once  using 
a  mixture  of  large  and  small  and  once 
with  a  load  consisting  of  small  stone.  In 
the  first  instance  above  mentioned  a  cer- 
tain displacement  for  the  cargo  was  not- 
ed ;  in  the  second  one  about  10  tons  more 
were  required  for  same  displacement,  and 
in  the  third  one  about  10  tons  more  than 
in  second,  or  a  diflFerence  of  20  tons  over 
first,  all  owing  to  size  of  stone.  This  boat 
only  carried  about  500  tons.  We  thus  have 
a  variation  of  4  per  cent. 

While  stationed  at  the  two  quarries 
above  mentioned  in  1903-S,  the  writer  had 
charge  of  weighing  in  of  34  different  boats 
of  the  various  types  mentioned  at  the  be- 
ginning of  this  article.  Most  of  these  were 
weighed  in  once  each  season  and  some  sev- 
eral times  per  season,  .\fter  shipping  over 
itOO.OOO  tons  of  stone,  distributed  among 
these  different  vessels,  the  writer's  conclu- 
sion is  that  the  least  satisfactory  boat  is 
the  dump  scow,  and  the  most  satisfactory 
l)oat  for  the  quarry  operators,  the  contrac- 
tor, and  the  parties  for  whom  the  work 
is  being  done  is  a  good,  strong,  well  built 
deck  scow,  either  with  or  without  der- 
ricks, .iccording  to  nature  of  the  work 
being  done. 


The  Chinese  Government  has  decided  to 
build  two  new  dockyards,  one  for  Pelyang 
and  one   for  Kanyang. 
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LETTERS  TO  THE  EDITORS. 


The  Value  of  Cost    Data  in  Prevent- 
ing Reckless  Bidding  fo '  Re- 
inforced Concrete  Con- 
struction. 

Sirs : — I  have  read  with  interest  your 
editorial  and  Mr.  Wason's  paper  covering 
the  cost  of  concrete  construction  as  ap- 
plied to  buildings,  and  I  wish  to  say,  the 
reader  is  in  thorough  accord  with  the  idea 
of  placing  reHabIc  data  or  metliods  before 
the  public  witli  the  object  of  getting  the 
inexperienced  contractor  in  line,  that  the 
wild  and  reckless  bidding  now  indulged  in, 
may  be  eliminated  in   whole  or  in  part. 

I  do  not  think  there  is  a  competent  con- 
cern now  in  the  concrete  construction  busi- 
ness that  has  not  at  times  been  beaten  by 
some  inexperienced  contractor,  in  fact,  this 
seemed  to  be  the  rule  rather  than  the  ex- 
ception during  the  past  year  owing,  prob- 
ably, to  the  fact  that  the  scarcity  of  work 
forced  many  concerns  to  reach  out  and 
essay  lines  with  which  they  were  not  fa- 
miliar. There  arc,  of  course,  some  owners 
who  will  act  on  the  advise  of  theii  de- 
signer and  eliminate  from  competition 
those  firms  not  thoroughly  equipped  or  or- 
ganized for  this  class  of  work,  but  the 
majority  are  otherwise  and  the  man  who 
can  produce  a  low  figure  and  can  fLirnish 
a  bond  is  the  party  who  secures  the  work. 
The  essential  requisite  of  the  ow-ner  is  that 
the  work  be  done  and  the  "unimportant" 
fact  of  the  contractor  not  being  able  to 
produce  the  work  at  his  contract  price  is 
a  matter  that  concerns  the  owner  but  little, 
always  providing  the  surety  bond  is  from 
a  responsible  company. 

It  is  the  writer's  opinion  that  more  con- 
cerns have  lost  money  erecting  reinforced 
concrete  during  the  past  four  years  than 
in  any  other  type  of  construction  that 
could  be  named  and  the  basis  of  this  un- 
satisfactory state  rests  upon  published  data 
that  is  not  complete.  Primarily  cost  data 
reports  are  of  little  importance  as  a  basis 
for  calculation  unless  the  figures  are  ac- 
companied by  a  drawing  or  wrhten  de- 
scription of  the  work,  specifying  the  size 
of  the  members,  the  character  and  design 
of  the  forms  and  the  number  of  times  the 
forms  were  used  in  the  operation. 

I  do  not  think  that  the  case  is  misstated 
when  the  assertion  is  made  that  each  con- 
crete construction  is  a  separate  operation 
and  should  be  carefully  considered  before 
applying  cost  data  gathered  from  previous 
operations.  The  spacings  of  members  used 
in  the  building  may  vary  but  little  from 
that  of  the  previous  operation,  but  that 
little  variance  may  cause  an  increase  form 
cost  of  100  per  cent. 

Buildings  can  and  are  being  designed  that 
enable  the  contractor  to  use  stock  lengths 
for  forms  and  the  change  of  the  members 
from  floor  to  floor  may  be  so  planned  that 
forms  can  be  used  with  little  alteration 
at  least  three  or  four  times,  but  the  .same 


Ijuilding  can  be  designed  witli  clianged 
members  on  every  floor  necessitating  more 
work  and  more  lumber.  \\\-  consider  this 
matter  very  serious  and  in  many  of  our 
buildings  have  obtained  permission  from 
the  architects  or  owners  to  carry  the  col- 
umns, beams  and  girders  at  the  same  size 
through  three  floors,  and  have  found  that 
the  excess  cost  of  concrete  and  steel  has 
been  more  than  oflfset  by  the  saving  in 
form  labor.  In  other  words,  panels  of 
forms  could  be  removed  and  used  twice 
after  being  placed  in  their  original  position 
and  the  result  accomplished  without  any 
cutting   or   alteration   whatsoever. 

If  the  present  successful  concrete  con- 
tractors desire  intelligent  competition  it 
will  undoubtedly  pay  them  to  describe  in 
detail  each  operation  upon  which  cost  data 
are  published.  To  show  the  danger  of 
too  little  information.  I  would  slate  that 
on  one  of  our  recent  operations  we  placed 
a  concrete  roof  over  a  foundry,  the  total 
area  of  roof  placed  was  practically  30,000 
sq.  ft.  and  the  roof  was  a  slab  laid  over  the 
upper  flange  of  8-in.  I-beam  purlin^;.  In 
this  work,  we  used  i-'m.  surfaced  stKUlurn 
pine  for  our  forms  supported  on  combina- 
tion beams  bearing  on  the  lower  flange  of 
the  purlins.  This  combination  beam  is  a 
patented  device  of  our  own  and  when  I 
say  that  our  form  cost  including  the  lum- 
ber, erection  and  taking  down  of  forms, 
averaged  3  cts.  per  sq.  ft.  of  area,  you  can 
readily  see  that  any  other  contractor  u^ing 
data  such  as  this  for  a  basis  of  a  Iiid  wou'd 
put  himself  in  hot  water,  as  the  best  cost 
I  can  find  in  Mr.  Wason's  paper  for  this 
class  of  work  is  4.9  cts.  per  sq.  ft.  By 
this,  30U  can  see  the  inaccuracy  of  pub- 
lished cost  data  if  same  is  not  accom- 
panied by  a  description  or  drawing  thor- 
oughly illustrating  the  method   of   work. 

For  the  benefit  of  any  of  our  readers 
who  are  estimating  concrete  work,  I  would 
advise  that  the  best  method  is  to  estimate 
the  area  of  work  to  be  formed  and  from 
this  area  secure  the  lumber  and  apply  the 
erection  cost.  Show  in  detail  the  work  to 
be  erected  and  design  in  your  estimate 
types  of  forms  that  can  be  used  and  care- 
fully figure  the  number  of  times  each  type 
can  be  used.  After  this  is  done,  all  that 
is  necessary  is  to  apply  a  carpenter  charge 
sufficient  to  build  your  units.  Figure  the 
erection  and  taking  down  of  these  units 
separate  from  the  charge  of  building  same 
as  it  is  easy  enough  to  secure  the  cost  per 
M.  ft.  B.  M.  of  lumber  for  the  framing  of 
the  units,  but  I  would  not  advise  the  plac- 
ing of  the  units  and  removal  of  same  to  be 
estimated  in  terms  of  lumber.  This  part 
of  the  operation  should  be  figured  by  area 
using  as  a  unit  a  square  foot  of  surface. 

In  estimating  operations  not  similar  to 
any  that  has  gone  before,  it  is  usually  safe 
to  assume  an  organization  for  the  form 
erection,  allow  wages  paid  for  the  class  of 
men  you  wish  to  use  in  erecting  forms  and 
to  carefully  take  each  man's  time  and  esti- 
mate how  long  it  will   require  to   do  that 


portion   of   the   work   that   will    fall   to   the 
individual    worker.     Aher   a    little   practice 
you    will    find    that   this    is    not    as   hard    a 
proposition  as  appears  on  the  surface,  any 
one    familiar    with    the   speed    of   workmen 
can    approximate   very   closely   the   time    it 
will   require  to  erect   scaffolding  and   hoist 
forms   into   position,  put  in  props   or   sup- 
ports,   etc.      After      having      assumed    the 
the  amount   of  time   it   will   require   for   a 
gang  to  erect  the  form,  then  use  the  same 
method  to  ascertain  how  much  time  is  re- 
quired to  take  down  said  forms  and  trans- 
fer the  distance  required  to  the  next  place 
of  use.     .Adding  up   the  time   required   for 
both    these    operations    will    give    the    total 
time    required    to    erect    and    take   down    a 
form.     From  the  amount  of  time  required, 
you    can    secure   the    assumed   cost   and    to 
secure   your   area   cost,   divide  the   number 
of  square  feet  of  concrete  surface  covered 
by  the   forms   into   the  labor  cost  and  the 
result   is    obtained.     This   method    requires 
the  work  to  be  separate  from  the  building 
of  the  units  and  is  safe,  as  a  little  knowl- 
edge   on    the    part    of    the    estimater    with 
labor    will    prevent    him    going   astray,    al- 
though   I    would    not    recommend    such    a 
method  to  a  beginner.     It  is  essential  that 
some  knowledge  be  had  of  results  you  can 
obtain  with  diff^erent  classes  of  labor. 

I  would  further  urge  that  any  published 
report  of  work  be  separate  as  to  form  cost 
and  concrete  cost.  It  is  a  very  popular 
method  to  say  that  the  forms  cost  so  much 
per  yard  of  concrete  and  any  man  who 
estimates  his  form  costs  from  his  yardage 
deserves  to  land  in  the  junk  heap  and  un- 
doubtedly is  headed  that  way.  There  can 
be  no  connection  between  forms  and  con- 
crete in  place,  that  can  be  expressed  in 
terms  of  concrete,  for  example,  8  sq.  ft. 
of  wall  surface  forms  may  enclose  2  cu. 
ft.  of  concrete  in  a  li-in.  wall,  or  may  en- 
close 12  cu.  ft.  of  concrete  in  a  wall  3  ft. 
thick  and  under  our  method  of  erecting 
wall  forms,  the  cost  would  not  vary  2  per 
cent,  a  little  more  internal  bracing  being 
required  for  the  latter  than  for  the  for- 
mer wall.  I  have  heard,  time  and  again, 
contractors  figure  diflicult  work  in  con- 
crete at  a  yardage  price  and  I  have  seen 
lots  of  these  contractors  go  on  the  rocks 
before  the  work  was  finished,  but  that  is 
no  consolation  for  the  bidder  who  has  fig- 
ured his  work  with  proper  attention  and 
has  added  a  moderate  profit. 

Competition  in  any  line  of  work  should 
be  encouraged.  The  more  people  after 
work,  the  more  demand  is  created  for  that 
class  of  work  and  especially  is  this  true 
in  reinforced  concrete  construction  and 
many  a  job  has  been  talked  up  by  us  and 
landed  by  a  competitor  or  vice  versa. 
Competitors  can  be  divided  into  two 
classes ;  those  who  are  capable  and  those 
who  are  not.  Being  beaten  by  a  compe- 
tent competitor  sharpens  your  wits  and 
causes  you  to  shake  up  the  organization 
for  better  results  as  you  know  your  com- 
petitor understands  his  business  and  if  he 
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can  secure  good  work  cheaper  than  >iiii, 
yon  will  have  to  cliejipcii  your  costs  or  be 
tinder  a  handicap  in  the  fiitnre  trials.  To 
be  lieaten  by  a  competitor  who  is  incom- 
petent, especially  when  one's  I'lKiirc  is  cut 
20  to  30  per  cent,  tilU  you  with  disgust 
and  you  wonder  why  the  keen  business 
man  will  accept  figures  that  are  much  be- 
low the  average  hid,  but  such  is  true  in 
the  majority  01  cases.  To  get  away  from 
this  state  nf  affairs,  it  will  do  no  harm 
for  those  who  know  to  spread  infoniiation 
abroad  and  the  writer,  for  one,  is  willing  al 
any  time  to  write  or  advise  any  person  on 
any  point  in  concrete  construction  in  which 
he  has  had  any  experience,  believing  that 
methods  and  not  costs  govern  the  success- 
ful   completion   of    the    piece    of    work. 

This  preceding  sentence  brings  up  a  mat- 
ter upon  which  the  inexperienced  contrac- 
tor should  be  cautioned,  viz.,  that  the  se- 
curing of  a  job  at  a  good  price  is  not  al- 
ways the  forerunner  of  the  prnlits  in  your 
bank  b<H)k,  for  tudess  the  organization  can 
carry  the  work  through  on  your  costs,  your 
profits  may  go  glimmering.  Such  an  or- 
ganization cannot  l)c  secured  through 
newspaper  advertisements,  neither  can  one 
usually  pick  up  a  good  man  through  labor 
agencies,  in  fact,  my  experience  has  been 
that  the  men  most  recommended  to  me 
were  those  least  competent  and  it  is  now 
our  practice  to  pick  our  superintendents 
and  foremen  from  men  who  have  worked 
in  minor  positions  on  our  jobs  and  have 
become  familiar  with  our  methods.  A 
good  superintendent  must  be  mad'  and 
very  few  there  are  without  failings  and 
to  learn  these  failings  will  prove  costly. 

To  sum  up,  the  writer  is  of  the  opinion 
that  a  contractor  of  no  large  experience, 
desiring  to  enter  into  concrete  construc- 
tion, should  proceed  with  caution  and  seek 
advice  from  those  capable  of  giving  same, 
should  study  thoroughly  all  published  data 
bearing  on  work  and  make  the  proper  ef- 
fort to  study  the  methods  used  in  actual 
construction.  To  do  this,  it  will  be  neces- 
sary to  visit  many  operations  of  various 
kinds  and  to  make  notes  of  each  operation 
paying  attention  to  the  forms,  their  types, 
and  the  amount  of  labor  necessary  for 
erection.  This  is  good  practice  and  will 
stand  you  in  good  stead  on  your  own  work 
as  often  you  may  wish  to  check  up  your 
own  gangs  and  a  fair  approximate  cost 
can  be  obtained  by  the  experienced  man 
from  watching  operations  of  a  gang  for 
a  stated  time.  Of  course,  it  is  necessary 
that  this  method  be  followed  when  the  men 
are  not  cognizant  they  are  being  timed. 

A  great  deal  can  be  said  on  this  sub- 
ject by  going  into  further  detail,  and  I 
would  like  to  see  other  construction  people 
lake  up  and  discuss  this  subject  through 
your  paper  as  we  all  can  absorb  knowl- 
edge. Kach  day  brings  forth  new  data 
and  each  eflfort  towards  lower  costs  will 
bring  results,  as  undoubtedly  reinforced 
concrete  construction  will  displace  other 
types   in    future   erections  as    the   more   we 


standardize  our  costs  the  more  we  hasten 
the  Use  of  this  type  of  construction. 
Thanking  you  for  your  kindness  in  plac- 
ing this  matter  before  contractors  for  dis- 
cussion and  trusting  that  what  1  have 
written  may  be  of  some  uve  on  this  sub- 
ject,   I    remain, 

Vours   truly, 

S.   H.  Antiio.nv. 
Manager    Ilindinan-IIenderson    Co. 
Hitlsburg.    I'a,    Jan.    -.'I.    llMlfl. 

The  Cold  Springs   Reservoir;  a  Com- 
parison of  the  Bidding  Prices 
with  the  Cost   by 
Day  Labor. 

Sirs: — In  looking  oMr  a  note  Ijook  to- 
day 1  found  a  copy  of  the  prices  bid  on  the 
Cold  Springs  Reservoir,  Umatilla  Irriga- 
tion Project,  U.  S.  Reclamation  Service. 
Remembering  the  article  and  cost  tables  in 
your  issue  of  Dec.  IC,  1008,  I  enclose  the 
following  as  of  possible   interest : 

The  bids  were  submitted  and  opened 
June  28,  1006;  forwarded  to  Washington 
and  rejected  as  too  high.  The  work  was 
readvertised,  and,  I  believe,  a  slightly  lower 
bid   than   that  of  Sweeney  &  Holmes  was 


ti.iLti>t    111'  St  .111)   pfKc  jic  ui--irc*i,  no  ouubt 
had  its  influence  on  the  bids. 

Cement  for  the  concrete,  steel  for  the 
reinforcing,  gates,  etc.,  were  to  be  fur- 
nished f.  o.  b.  Hermiston,  for  the  contrac- 
by  the  Reclamation  Service;  1  %»  cts.  per 
lb.  to  be  allowed  the  contractor  for  handling 
and  setting  steel,  etc 

The  chute  for  the  feed  canal  was  not  to 
be  included  in  the  contract,  so  a  portion  of 
the  item  of  $12,370.84  "reed  Canal,  excava- 
tion and  chute,"  would  have  to  be  consid- 
rred  in  making  comparisons.  Also  the 
irinent  and  steel. 

Nothing  is  said  in  the  article  as  to 
whether  the  plant  was  considered  in  any 
way.  .Mso  quite  a  number  of  government 
te.ims  were  worked. 

It  was  also  some  months  after  Nov.  1, 
lOn",  when  the  work  was  finished.  I  be- 
lieve that  the  bid  of  Sweeney  &  Holmes 
compares  very  favorably  with  the  force  ac- 
count work,  as  shown  in  the  accompanying 
table.  Very  truly, 

VV.  H.  Havne. 

Portland,  Ore.,  Jan.  1.5,  1900. 

Note. — The  dam  was  evidently  construct- 
ed along  the  line  of  Bid  "B."  12-in.  cement 
pipe  was  used  instead  of  the  8-in.  tile  laid 


HIDIUNV;    PRICKS    IX    COLD    SPRING     RICSKRVOIR. 

Excavation  fnr  D.im  RinlKinknifnt  EstI-  P.  S. 

Item  mate  .\ctual   S.  &  H.  B.  <k  D.      Tolal  Total 

No.  .11  yd-s.  cu.  yd8.     unit.  unit.  S.  &  H.     P.  S.  B.  &  D. 

1.     Earth   158,000  :i03,011  »0.31  $0.42       *  €2.933.41  t  84.9C0.10 

•-'.     Gravel 4S5,000  473,400  "      .45  .42  313.030.00  198.1TT.90 

Excavation  for  Trenches,  Wasteway. 
and    Foundations — 

3.  Class   1 61.300  Wl.Wi  .40  .69  20.S4I.20  35,872.92 

4.  Class  2 19,300  6.574  .60  1.53  3.944  40  10,0.'i8.22 

.-,.     Class  3 3.100  3.938  1.25  2.70  4.922.25  10,632.60 

Riprap. 

(a)  up-stream  slope  (alternative 
bid  "A"). 

6 12,000  2.00        3.37       (Not  used ) 

7.      (b)   Inlet,  outlet  and  other  work            80                 64         2.00         3.37                128  00                216.00 
Hock-till     (at     up-stream     slope 
(iiltcTnatlve  bid   "A"). 
S 8,000  1.50         2.70  

(b)  up-stream  slope  (alternative 
bid  "B"). 

9 28.500  35.908  1.50  2.70           53.862.00           96.951.60 

(c)     iJown-streani    slope,     road- 
way, etc. 

10 10,800  1  .'■0  2.70 

11.     li"    (Iralii    till-,    lln.    ft 1,900  Vi't,-  .50  .67             1,468.00             1,B82.48 

Vl.     S"  ilraln   tile.  lln.   ft 600  2.937  .60         1.00                

l.'i.     S"  Jointed,   lln   ft... 600  846'  of  12'  cement   laid. 

14.  Concrete    C.    A 1,250  10.0  5.50           I J 

15.  Concrete.    Class    B 500  11.0  6.50 

li;.     Concrete,    Class    C 800  859.8       12.0         10.50  1'  ■ 

17.     Concrete,    Class   D .i60  327.1       14.0  5.70  4,i79.4U  1. 801. 17 

Total   t394.S7:  7i;       I480.»51.19 


received.  The  Puget  Sound  Bridge  & 
Dredging  Co.  raising  their  bid  as  they  con- 
sidered the  time  limit  entirely  too  short  in 
which  to  do  the  work.  Sweeney  &  Holmes 
did  not  bid. 

One-quarter  of  the  volume  of  the  em- 
bankment was  to  be  completed  by  Feb.  1, 
1007.  One-half  by  May  1,  1907.  and  the 
whole  work  by  Nov.  1,  1907. 

The  contractors  were  inclined  to  believe 
that  the  Reclamation  Service  desired  to  do 
the  work  by  force  account.  This,  with  the 
short  time  for  construction,  connected  with 
the  ability  of  the  clause,  "to  the  entire 
satisfaction  of  the  engineer."  to  permit  the 
engineer  in  charge  of  the  work,  if  he  so 
desired,  to  make  puddle,  the  largest  item 
hv  considerable  of  the  work,  cost  the  con- 


\MiM  ciMifiit  jiMius  Class  A  concrete 
was  used  in  the  main  spillway  wall ;  class 
"B"  in  the  spillway  wing  walls;  class  "C" 
in  the  outlet  and  inlet  works  and  class  "D" 
in  the  training  walls,  spillway  cut-off  walls; 
and  all  not  included  in  the  other  classes. 


Preparations  for  closing  the  river  at 
Laguna  Dam  of  the  .Arizona-California 
Yuma  Project  by  the  U.  S.  Reclamation 
Service  were  completed  on  Dec.  9  and  the 
dumping  of  rock  from  two  steam  shovels 
1111  the  California  side  and  live  derricks  on 
the  Arizona  side  was  begun.  \\  noon  on 
Dec.  21  the  river  was  entirely  diverted 
through  the  sluiceways  and  the  closure  has 
since  successfully  withstocKl  a  flood  in  the 
river   of    10.000  second-feet. 
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House-Building  in  China. 

The  accompanying  illustration  is  of  in- 
terest to  engineers  for  several  reasons.  It 
shows  a  sand-lime  concrete  house  under 
construction  at  Swatow,  China.  Timber 
houses  are  expensive  in  that  section  of 
China,  owing  to  the  fact  that  the  white 
ant  destroys  timber  quickly.  The  crude 
form  of  scaffolding  shown  would  be  ex- 
pensive in  this  country,  both  in  the  amount 
of  timber  used  and  in  the  cost  of  handling 
such  heavy  logs.  Men  are  shown  placing 
and  tamping  the  concrete,  while  two  lines 
of  laborers  can  be  seen  on  the  scaffolding, 
passing  concrete  in  buckets  to  the  workers 
on  top  of  the  building.  We  should  do  the 
same  work  with  concrete  barrows  and  a 
steam  hoist. 

All    the    wooden     doors     and      window 


Personals. 

Mr.  Fowler  Mallett  has  opened  an  ottice 
at  2335  Warring  St..  Berkeley,  Cal.,  where 
he  will  engage  in  the  designing  and  super- 
vision of  building  work. 

Mr.  W.  C.  Taylor  has  been  appointed  en- 
gineer of  maintenance  of  way  of  the  Spo- 
kane, Portland  &  Seattle  Ry.  and  the  As- 
toria &  Columbia  River  R.  R.  Co..  with  head- 
quarters at   Portland.   Ore. 

Mr.  Eugene  H.  Sliipman,  cliief  engineer  of 
the  Lehigh  Coal  &  Navigation  Co..  has  been 
appointed  superintendent  of  canals  of  that 
company,  with  headquarters  at  Maucli 
Chunk,  Pa.  He  succeeds  Mr.  John  Ruddle, 
resigned. 

Messrs.  H.  A.  Butterfield  of  Goshen,  Ind.. 
A.  W.  Malone  and  C.  A.  Burnette  of  War- 
saw. Ind.,  have  organized  the  Triad  Engi- 
neering &  Construction  Co.,  with  general 
offices  in  Goshen.  Ind.  The  company  will 
make  a  specialty  of  the  construction  of  elec- 
tric  railways. 

Colonel  P.  A.  McCarthy,  of  Lufkin,  Tex., 
has  resigned  as  chief  engineer  of  the  Grove- 
ton.  Lufkin  &  Northern  Ry.  Co.  to  accept 
a  similar  position  with  the  San  Diego.  El 
Paso  &  St.  Louis  Railroad  Co.,  with  head- 
quarters  at    El   Paso,    Tex.     The    San   Diego, 
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House   Building   in   China. 


frames,  jambs,  wall  plates  and  joists  in 
this  building  were  treated  with  Teredo 
proof  paint  manufactured  by  the  Teredo 
Proof  Paint  Co.,  of  New  York,  as  a  pro- 
tection against  the  white  ant.  This  paint 
is  poisonous  to  animal  life,  so  it  has  prov- 
en an  effective  protection  to  wood,  and  it 
is  stated  that  it  is  the  only  compound  that 
has  stopped  the  terrible  ravages  of  the 
white  ant.  Prior  to  the  use  of  the  paint 
on  this  building  the  Teredo  proof  paint 
had  been  thoroughly  tested  by  the  Hong 
Kong  &  Canton  R.  R.  on  their  ties.  The 
same  paint  has  been  used  on  the  launch 
dock  of  the  Imperial  Customs  at  Swa- 
tow, as  a  protection  for  the  piles  against 
the  Teredo  and  of  the  superstructure 
against  decay. 


The  U.  S.  Reclamation  Service  has  been 
making  surveys  of  the  reservoir  site,  the 
dam  site  and  the  canals  for  a  new  irriga- 
tion project  lying  in  the  valley  of  the  North 
Fork  of  Grand  river  in  southwestern  North 
Dakota  and  northwestern  South  Dakota. 
This  project  has  been  designated  as  the 
Bowman  Project.  The  total  irrigable  area 
is  about  10,000  acres. 


El  Paso  &  St.  Louis  R.  R.  Co.  contemplate 
the  construction  of  some  200  miles  of  stand- 
ard gage  railway  from  El  Paso  northeast  to 
the  Pacos  River.  New  Mexico,  with  the  prob- 
ability of  extending  through  the  Pan  Handle 
of  Te.xas  into  Oklahoma. 

Mr.  Alfred  P.  Boiler  and  Mr.  Henry  W. 
Hodge  of  the  firm  of  Boiler  &  Hodge.  New 
York  city,  have  been  named  by  Andrew  J. 
O'Reilly,"  President  of  the  Board  of  Public 
Improvements  of  St.  Louis.  Mo.,  as  engi- 
neers for  the  proposed  municipal  free  bridge 
to  be  erected  in  St.   Louis. 

Brigadier  General  William  P.  Craighill. 
TJ.  S.  A.,  retired,  died  Jan.  IS  at  his  home 
in  Charlestown.  W.  Va.,  after  a  short  ill- 
ness. General  Craighill  at  the  time  of  his 
retirement  from  the  U.  S.  Army  was  chief 
of  the  corps  of  engineers.  He  was  at  one 
time  President  of  American  Society  of  Civil 
Engineers. 

At  the  annual  meeting  of  the  Iowa  Engi- 
neering Society  at  Waterloo.  la.,  on  Jan. 
13-14.  the  following  officers  for  the  ensuing 
year  were  elected:  President,  C.  T.  Wilson. 
Waterloo:  Vice-President,  T.  R.  Warrimer, 
Cedar  Rapids;  Secretary  and  Treasurer,  A. 
H.  Ford.  Iowa  City:  Directors:  L.  H.  Stone. 
Cedar   Rapids,   and   C.   P.   Chase.   Clinton. 

Miss  Alice  Law.  an  employee  of  the  Myron 
C.  Clark,  publishing  Co.,  died  on  January  22 
Miss  Law  took  the  engineering  course  at 
Purdue  University,  leaving  that  institution 
in  1902  to  work  as  an  engineering  draftsman 
in  Chicago.  Later  she  engaged  in  book  writ- 
ing and  editing  with  "Cement  and  Engineer- 
ing News"  and  then  with  the  "Engineering 
World."  coming  with  the  purchase  of  the 
latter  paper  to  the  Myron  C.  Clark  Publish- 
ing Co.  Her  chief  labor  for  the  last  two 
years  was  the  compilation,  under  the  direc- 
tion of  the  author  and  publishers,  of  the 
"Pocket  Book  of  Reinforced  Concrete,"  by  E. 
Lee   Heidenreich.     Miss    Law's    work    in    this 


book  was  of  high  character.  She  was  a 
mathematician  of  ability,  a  linguist  and  a 
^^'riter  of  more  than  usual  promise,  and  her 
death  is  a  sorrow  to  her  fellow  workers  and 
friends. 


Catalogs  Worth  Having. 

Engineers  and  contractors  should  have 
on  file  the  latest  catalogs  of  machines, 
tools  and  supplies  that  they  use.  In  sending 
for  catalogs  reviewed  or  advertised  in 
this  paper,  you  will  confer  a  favor  on  us- 
if  you  will  write  direct  to  the  advertisers 
and  state  that  you  saw  the  catalog  men- 
tioned in  Engineering-Contracting.  If 
>ou  are  in  the  inarket  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  notify 
promptly  the  leading  manufacturers. 

No.  1058.  "Anastigmatics." — Bausch  & 
Lomb   Optical  Co..    Rochester,  N.  Y. 

Under  the  above  title  the  company  named 
has  issued  a  handsomely  illustrated  and 
printed  pamphlet  of  24  pages,  explaining 
the  nature  and  construction  of  their  new 
anastigmatic  lenses  for  photographic  work. 
Engineers  who  are  interested  in  photography 
and  all  who  have  to  make  photographs  of 
structures  and  machines,  particularly  for 
purposes  of  illustration,  will  be  interested 
in  tills  pamphlet. 

No.  1059.  Engineering  Instruments. — 
Bausch  &  Lomb  Optical  Co..  Rochester, 
N.    Y. 

Aside  from  its  copious  illustrations,  this 
publication  is  of  interest  because  of  the 
complete  specifications  given  for  the  optical 
and  mechanical  construction  of  the  various 
transits,  levels  and  theodolites.  The  several 
features  of  the  Bausch  &  Lomb  instruments 
are  explained  in  a  brief  manner,  while  an 
entirely  original  mining  transit  is  cataloged 
for  the  first  time.  The  distinguishing  fea- 
ture of  this  new  instrument  is  a  Prismatic 
Side  Telescope,  which  is  novel  in  construc- 
tion. Also  with  this  instrument  the  U- 
standard  construction,  togetlier  with  a  com- 
pass circle  of  the  usual  form  is  introduced. 

No.  1060.  Conveying  and  Power  Transmis- 
sion Machinery. — Skilling  &  Richards  Mfg. 
Co..    Chicago,    111. 

This  344-page,  cloth-bound  book  is  a  com- 
plete general  catalog  of  hoisting,  conveying 
and  power  transmitting  machinery.  The 
company  makes  a  specialty  of  conveying  ma- 
chinery for  grain  elevators  and  the  catalog 
is  profuse  in  examples  of  such  machinery. 
General  conveying  machinery  is,  however, 
also  liberally  represented.  Its  completeness, 
with  the  large  amount  of  useful  inforniation 
given,    makes   this   volume  a   valuable   one. 

No.  1061.  Half-Round  Steel  Centers  on 
Circular  Conduit. — Blaw  Collapsible  Steel 
Centering  Co.,    Pittsburg.   Pa. 

In  the  construction  described  in  this  pam- 
phlet the  invert  is  concreted  first  and 
then  the  roof  arch,  the  half-round  center 
being  used  for  both  by  simply  reversing. 
Diagrams  are  given  showing  the  mode  of 
operation  and  there  are  numerous  interesting 
views    of    sewer    work    in    progress. 

No.  1062.  Blocks.— W.  W.  Patterson  &  Co., 
Pittsburg,   Pa. 

This  is  a  40-rage  catalog  of  extra  heavy 
blocks  for  bridge  erectors  and  geneial  con- 
tractors. Extra  heavy  oil  well  blocks,  and 
special  blocks  are  also  shown.  Illustrations, 
tables  of  sizes  and  price   lists  are  given. 

No.  1063.  Turner  System;  Reinforced  Con- 
crete Construction. — C.  A.  P.  Turner,  816 
I'hoeni.x    Bldg.,    Minneapolis.    Minn. 

This  pamphlet  presents  a  concise  argu- 
ment of  the  advantages  of  reinforced  con- 
crete for  construction  work  and  describes  in 
some  detail  the  mushroom  system  of  rein- 
forced concrete  devised  and  exclusively  used 
by  Mr.  Ttjrner.  There  is  a  section  on  orna- 
niental  cast  stone  work  and  a  large  number 
of  illustrations. 

No.  1064.  Snell  Concrete  Mixers. — R.  Z. 
Snell    Mfg.    Co..    South    Bend.    Ind. 

The  mixer  described  in  this  pamphlet  is 
of  unique  construction,  consisting  of  an  open 
circular  drtun  or  barrel.  The  pamphlet  de- 
scribes the  construction  and  method  of  op- 
eration and  shows  numerous  illustrations  of 
the    mixer. 


Only  5.58  horses  and  mules  are  used  in 
the  Canal  Zone  in  the  service  of  the  Isth- 
mian Canal  Commission. 
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Bids  Aikcd  

Bndgem 

Buildinjft 

Roadi  and  Slreeu 

Sewers    

Water  Supply SI 

Excavation % SI 

Uiacellaneous   SI 

Uatenal,  Machine*,  etc SI 

Contracu  Let II 


We  shall  welcome  any  news  notes  that 
our  readers  may  send  in.  Notes  of  con- 
tract>  awarded,  bidding  prices,  etc.,  will  be 
especially  acceptable. 


BIDS  ASKED 
Bridges. 

Ulds  Open.                                                    See   Issue. 

Jan.     28.  Cedar    liaplds.    la Jan.   13 

Jan.    2a.  Cincinnati.  O Jan.     6 

Jan.    29.  Cincinnati.  O Jan.   13 

Jan.    1'9.   La     Prairli-.     Que Jan.  27 

Jan.    3U.  Beaufort,   N.    C Jan.     6 

Jan.    30.  Dayton,  O Jan.  2u 

bvb.       1.  Topeka.    Kan Jan.  20 

Keb.       1.  Greenville.  Miss Jan.  20 

Keb.       1.  -Mlnol.     N.     l>ak Jan.  27 

Feb.       1.  .Meridian.     Ml.ss Jan.  27 

Feb.       1.   BatesvlUe,     .Miss Jan.  27 

Feb.       1.  St.     Paul,     Minn Jan.  27 

Feb.       1.  .Marshall,     la Jan.  27 

Feb.       1.  Crown     Point,     Ind Jan.  27 

Feb.      2.  Kingman,  Kan Jan.  20 

Feb.      ;!.  Corydon,     Ind Jan.  27 

Feb.       :>.  Toledo.     O Jan.  27 

Feb.      S.Cincinnati,    O Jan.  20 

Feb.      6.  Mena,  Ark Jan.  20 

Feb.      6.  Cuero.    Te.xas     Jan.  27 

Feb.      9.  Lawton,    Okla Jan.  27 

Feb.     10.  Fort    Des    .Moines.    la Jan.  27 

Feb.     12.  Grand    Forks,    N.    Dak Jan.  27 

Feb.     15.  Norwalk,     O Jan.  27 

Feb.     15.   Lisbon.    O Jan.  27 

Feb.     16.  Waseca,     .Minn Jan.  27 

Feb.    20.  Cleveland.     O Jan.  27 

-Mar.     4.  Paris,    Ark Jan.   13 

Buildings. 

Jan.    27.  Fort   Leavenworth,    Kan Jan.     6 

Jan.    27.  Pittsburg,   Pa Jan.  2u 

Jan.    27.   Baltimore,    Md Jan.  20 

Jan.    28.  Ames.  la Jan.     6 

Jan.  29.  Vancouver  Barracks,  Wash.. Jan.  20 

Jan.    29.  Pittsburg.    Pa Jan.  27 

Jan.    29.   Pittsburg,     Pa Jan.  27 

Feb.       1.   Reglna,    Sask Jan.  20 

Feb.      1.  Claremore,  Okla Jan.     6 

Feb.      1.  Parkersburg.  W.  Va Jan.   13 

Feb.      1.  Midland.  Texas   Jan.  13 

Feb.       1.  Newcastle,    Ind Jan.   13 

Feb.      1.  Los  Angeles,   Cal Jan.  13 

Feb.       1.  Columbus,   O Jan.  20 

Feb.       1.  Cleveland,    O Jan.  20 

Feb.       1.  Industry,     N.     Y Jan.  27 

Feb.      3.  Blnghamton.    N.     Y Jan.  27 

Feb.       3.  Albany.     N.     Y Jan.  27 

Feb.      3,  Kansas    City,    .Mo Jan.  27 

Feb.      4.  San  Antonio,   Texas Dec.  80 

Feb.       4.   West   Durham,   N.   C Jan.  20 

Feb.      5.  Danville,    Va Jan.  27 

Feb,       6.   Reading,     O Jan.  27 

Feb.      6.  Welch,  D.  Va Jan.  20 

Feb.      S.  Columbus   Barracks,    O Jan.  20 

Feb.       9.  Fort  .Myer,   Va Jan.  20 

Feb.       9.   Athens.  O Jan.  20 

Feb.  10.  National  Soldiers'  Home,  Va.Jan.  20 

Feb.     10.  Stanford.  Ky Jan.  20 

Feb.     II.   Dulce,    N.    .Mcx Jan.  13 

Feb.     II.  Clarlnda.   la Jan.   13 

Feb.     11.  .Madlsonvllle.    Tenn Jan.  20 

Feb.     13.   Watklns.     N.     Y Jan.  27 

Feb.     15.  Fort    Monroe.    Vii Ian.  2V 

Feb.     15.  Grand    Ruplds.   Mich Jan.   13 

Feb.     15.  Shenandoah.   la Jan.  13 

Feb.     15.   Fort  Dupont,  Del Jan.  20 

Feb.     15.  Grand    Rapids.   .Mich Jan.  20 

Feb.     iti.   Youngstdwn,     O Ian.  27 

Feb.     16.   Washington,   D.   C Ian.  20 

Feb.     17.   Redfleld,    S.    D Jan.  20 

Feb.     17.   Sallsburv.  N.  C Jan.  20 

Feb.     18.  Greenville.  Miss Jan.  20 

Feb.     18.   Newton,     la Jan,  27 

Feb.    20.  Bar  Harbor.   Me Jan.  20 

Feb.    23.   Fort     Rllev.     Kan Jan.  27 

Feb.     24.  Slgournev,     In Jan.  27 

Feb.     27.   Iji    Salle.    Ill Jan.   13 

Mar.      1.  Omaha.   Neb Jan.     « 

Mar.      .1.   Augu.sta.     Ga.     Jan.  27 
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3U. 

Feb. 

1. 

fvU. 

1. 

Feb. 

Feb. 

1. 

Feb. 

1. 

Feb. 

1. 

Feb. 

I. 

Feb. 

Keb. 

1_ 

Feb. 

1_ 

Feb. 

1. 

Feb. 

1_ 

Feb. 

1 

Feb. 

I. 

Feb. 

1. 

Feb. 

2. 

Feb. 

0 

Keb. 

2. 

Feb. 

■) 

Feb. 

3. 

Feb. 

3. 

Feb. 

3. 

Feb. 

3. 

Feb. 

3. 

Feb. 

3. 

Feb. 

3. 

Feb. 

4. 

Feb. 

4. 

Feb. 

4. 

Feb. 

4. 

Feb. 

4. 

Feb. 

4. 

Keb. 

D. 

Feb. 

5. 

Feb. 

0. 

Feb. 

it. 

Feb. 

i. 

Feb. 

6. 

Feb. 

8. 

Feb. 

S. 

Feb. 

11. 

Feb. 

15. 

Feb. 

18. 

Feb. 

18. 

.Mar. 

2, 

Roads    and    Streets. 


(;iitvr»ti>i).     'r<'\aH     Jan. 

Cleveland,    O Jan 

Olympla.    Wnah Dee. 

Olyiiipla,    WuHh Jan. 

.Moorheud.    .Minn Jan. 

Greenlleld,   Ind Jan. 

Wabush,    Ind Jan, 

V.-vay,   Ind Jan. 

Fowler,    Ind Jan. 

lielphi,   Ind Jan. 

Deciitur,   Ind Jan. 

Columbus,   Ind Jan. 

Sli*-nuiiil<>ah,     Iji. Jan. 

Washliigloli,      Ind Jan. 

Wlllliiiii»port,     Ind Jan. 

Lebanon,     Ind Jan. 

Crown    Point.    Ind Jan. 

CniwforilsvUle.    Ind Jan. 

Vlncennes,   Ind Jan. 

Valparaiso,    Ind Jan. 

I'aoll.  Ind Jan. 

Cleveland,   O Jan. 

BIufTton,  Ind Jan. 

Kokonio,   Ind Jan. 

Brooklyn.     N.     Y Jan. 

Munele,    Ind Jan. 

Logunsport,     Ind Jan. 

BliMinilngton,     Ind Jan. 

Frankfort,    Ind Jan. 

Frankfurt.    Ind Jan. 

Ro<kvllle,     Ind Jan. 

Ijiporte,     Ind Jan. 

Bluff  town,     Ind Jan. 

Bluff  tun,    Ind Jan. 

Lebanon,    Ind Jan. 

Anderson,  Ind Jan. 

Cincinnati.  O Jan. 

St.    Louis.    Mo Jan. 

Tipton,     Ind Jan. 

Terre    Haute,    Ind Jan. 

Indlanola,    la Jan. 

Franklin,     Ind Jan. 

Appleton,    Wis. Dec. 

Whipple    Barracks,    Ariz Jan. 

Spencer,     Ind Jan. 

Spencer,   Ind Jan. 

Bloomlngton,    Ind Jan. 


Excavation,  Eai^h  and  Rock. 


Jan. 

27, 

Jan. 

29 

Jan. 

29 

Jan. 

30 

Jan. 

30. 

Feb. 

] 

Keb. 

1 

Feb. 

1 

^eb. 

1 

Feb. 

■> 

Feb. 

2 

Feb. 

2 

Feb, 

3 

Feb. 

5 

Feb. 

8. 

Feb. 

10. 

Feb. 

11. 

Feb. 

id 

Feb. 

17 

Sewers. 


Brooklyn,   N.   Y Jan, 

Toledo,     O Jan. 

Oswego,     N.     Y Jan. 

Keokuk,     la Jan. 

Belleville,     III Jan. 

Moorhead,  .Minn Jan. 

Lincoln,   HI Jan. 

Vlcksburg,     .Miss Jan. 

Decatur,     III Jan. 

Toronto,     Ont Jan. 

Marlon,     Kan Jan. 

Ottawa.     Ill Jan. 

Brooklyn,     N.     Y Jan. 

Ivoiilsvllle,     Ky Jan. 

College   Hill.    O Jan. 

Detroit,     .Minn Jan. 

Brantford,     Ont Jan. 

.-Vshtabula,    O Jan. 

I-i»st  St.  Louis,  III Jan. 


Water  Supply. 


■Ian. 

29 

Feb. 

1 

Feb. 

1 

Feb. 

1 

Feb. 

2 

Feb. 

2 

Feb. 

3 

Feb, 

4 

Feb. 

.1 

Feb. 

,", 

Feb. 

15 

Feb. 

15 

.Mar. 

15 

Carlyle,    111 Jan. 

Denlson,    la Jan. 

Avonmore.  Pa Jan. 

Gillette.    Wyo Jan. 

Hugo,  Okla Jan. 

Scninton.    Miss Jan. 

Baltimore,    Md Jan. 

MInot.    N.    Dak Jan. 

Key    West,    Fla Jan. 

Key    West,    Fla Jan. 

New   rim,   Minn Jan. 

Sebree,  Ky Jan. 

WU-hlta,    Kan Jan, 


Miscellaneous. 


Jan.    27.   Fort    Wayne,    Ind.. 

Steel    KreetInK,  Jan. 
Feb.       I.  Albany,    N.    V., 

Steel  Dirt  Removal,  Jan. 
Feb.      1.  Philadelphia.    Pa., 

BorlnRS,  Jan. 
Feb.      3.  Baltimore,    Md., 

Lighting   System,    etc.,  Jan, 
Feb.      5.  St.    l^uls.    Mo  , 

Street    UghllnK,  Jan. 
Feb.      6.  Boston,   .Mass., 

Wreck  Removal,  Jan. 
Feb.      8.  Prescott,    Arl»., 

Fence,  Jan. 
Feb.    11.  Mobile,   Ala., 

Pontoons,  Jan. 
Feb.     12.   Mllwoukee,   Wis., 

Concrete  Caissons,  Jan. 
Feb.    13.  Han-all, 

Dry  Dock,  Dec. 
Fell.    16.  Fmnkfort,   Mich., 

Pier    Work.  Jon.  : 


20 


Jun. 


CruokKtoii, 


Minn., 

Ditch  Work,  Jan.     ( 
Jan.    30.  SterlInK,    ill., 

Dllch  Work,  Jan.  IS 
Jan.    30.  Vektsco,  Texas, 

Drainage  Work.  Jan.  10 
1.  Sioux  City,  la.. 

Ditch   Work.  Jan.     C 
1     Fayette,    Miss., 

DrulnuKe  Work.  Jan.  27 
1.  Philadelphia,     Pa.. 


Feb. 
Fi.b. 
Feb. 
Feb. 
Feb. 

Feb. 

Feb. 


5.  Gimrd,  III., 

6.  hxllnburK.  III. 
6.  Delphi,  Ind.. 
6.  Atkinson,  III., 

Feb.    10.  Logan,   la., 
Feb.   18.  Fowler,    Ind., 


DredKlnK,  Jun.  27 

Tile   Ditch.  Jan.  2U 

File     Drain,  Jan.  27 

Dllch,  Jan.  27 

Ditches,  Jan.  20 

Ditch   Work,  Jan.     ( 

Ditch    Work,  Jan.  :7 


Materials,  Machines,  Supplies,  Etc. 

Feb.      — .  Detroit,    Mich., 

liuad    Rollers,  Jan.  27 
Jan.    27.  Pittsburg,  Pa.. 

Supplies.  Jan.  20 
Jan.    28.  Kingston,    Ont., 

Cement,  Sewer  Pipe,  Jan.  27 
Jan.    29.  Pittsburg.    Pa., 

Crane,  Jan.  27 
Jan.    29.  Ottawa,  Ont.. 

Cement.  Jan.     S 
30.  Mare   Island.  Cal., 

Elevator.  Jan.   13 
1.  Leavenworth,   Kan., 

Pipe,   Etc..  Jan.  II 
1.  Jamestown.  N.  D., 

Water    Meters,  Jan.  2o 
I.  Washington,   D.  C, 

.Motors,  Blocks,  Etc., Jan.  2o 

1.  Anadarko,    Okla.. 
Pumps,    Pipes,    Ktc,    Jan.  27 

2.  Richland  Center.   Wis., 
Pump,  Jan.     i 

2.  Kenosha,    Wis.. 
Pumping  Knglne.  Jan.   13 

3.  Saskiitehewan.     Sask.. 
Boilers,  Jan.  27 

3.  Buffalo.    N.    Y.. 

Engine   Dynamo,  Jan.  27 
3.  Chicago,    III.. 

Transformers.  Watermeters,  Jan.  27 
3.  Baltimore,   Md., 

Tile,  Jon.  !7 
5.  Key  West,  Fto., 

Condenser,  Filter.   Etc.,  Jan.     t 

5.  Banff.  Alberta, 
Sewer  Pipe,  Jan.  13 

6.  Lorain,    O., 
Pump,  Jan.  27 

8.  Washington.  D.  C., 
Drills,  Valves.  Etc..  Jan.  20 

9.  New    York,    N.    Y.. 

Broken    Stone,  Jan.  27 
Feb.    10.  Phoenix.    Arls.. 

Pumping   Engine,  Jan.  27 
Feb.    15.  Superior  Entry.  W'is., 

Piles,  Jan.  10 
Feb.    13.  Savannah,     Go., 

Paving  Blocks,  Jan,  27 
Feb.    15.  Washington.    D.    C. 

Track    Supplies.  Jon.  27 
Feb.    17    Milwaukee,    Wis, 

Gas    Producer    and    Gas 
K.nglne,    Electric    Light 

Plant      Jan.   13 

Feb.    22.  Winnipeg.  Man., 

Pump,  Motor,  Dec    I 
.Mar.       1.   Lelhbrldge.    AltH-ria. 

Kleotrlcal  Mach..   Etc.,  Jan.  27 

BIDS  ASKED 
Bridges. 

Kids  are  asked  on  followltig  work,  ths 
notes  being  arranged  alphiibctlcally  by 
states: 

Fort  Des  Moines,  la. — I.'ntll  3  p.  m.,  Feb. 
10,  by  Constructing  Quartermaster,  at  Fort 
Des  Moines,  for  i-onslrmtlng  sle.'i  highway 
bridge  at  target  range  Ortlelal  adv.rllse- 
ment  will  be  found  elsewhere  In  this  Issue. 

Marshalltown,  I*. — fnill  Feb  1,  by  County 
Aii«lltor.  fttr  eonstriietlng  eonerele  culvert 
on    1.1th  Si  .   lo  cost  nl>out  $2,500 

Corydon,  Ind. — rmil  2  p.  m..  Feb.  3,  by 
Will.  Taylor.  County  Aiidllor.  for  the  con- 
striicllon  of  a  bridge  over  Buck  Creek. 

CrovKn    Point,    Ind — ITntll    noon.   Feb.    1.   by 
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20 
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Jan. 
Jan. 

27 
27 

30 

Feb. 
Feb. 

0- 

Feb. 
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Feb. 

Feb. 

Feb. 
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Feb. 
Feb. 
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Feb. 

20 
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Feb. 
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Feb. 

27 
27 

Feb. 

27 
27 
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Feb. 
Feb. 

0- 

Feb. 

the   Coiinly 
11    relnforc. 
River  at   |; 
eimslst   of  I  111  ■-•• 
»-nlls.    etc.      W. 
iiiond.   Ind. 


■toners,  for  constimctlng 
bridge    over    Calumet 

'  :ary.  Thi-  bridge  Is  to 
•".((.  arches  with  retaining 
F.    Bridge.    Engineer,    Ham- 
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St.  Paul,  Minn. — Until  Feb.  1.  by  George 
T.  Redington,  Secretary  Park  Commission- 
ers, for  bids,  including  plans  and  specifica- 
tions, for  constructing  reinforced  concrete 
bridges  over  the  Ravine  on  Riverside  Blvd., 
the  bridges  to  be  105  ft.  S  ins.  long.  2S-ft. 
roadway  and  two  6-ft.  walks. 

Waseca,  Minn. — Until  Feb.  16,  according 
to  reports,  by  County  Auditor,  for  construct- 
ing several    bridges. 

Batesville,  Miss. — Until  Feb.  1,  by  County 
Supervisors,  R.  W.  Draper,  Clerk,  for  the 
building  of  iron  bridges  over  Coldwater 
River  near  Askew,  Miss,  and  over  Orr  Creek 
about  3  miles  east  of  Sardis.  Miss, 

Meridian,  Miss, — Until  Feb.  1.  by  W.  R. 
Pistole.  Clianoery  Clerk,  foi"  constructing 
wooden  bridge  over  Okitbeba  Creek  on  Land 
Line   Road, 

Grand  Forks,  N.  Dak. — Until  10  a.  m.,  Feb. 
12.  by  Hans  .\ndei-son.  County  Auditor,  for 
building  any  or  all  steel  and  wooden  bridges 
that  mav  be  ordered  built  by  County  during 
1909. 

Minot,  N.  Dak, — Until  Feb.  1,  by  Commis- 
sioners of  Ward  County,  for  constructing 
Belyea  Ave.  bridge  in  Minot.  County  Sur- 
veyor Thomas  has  prepared  three  plans,  one 
calling  for  a  steel  structure  and  two  for  re- 
inforced concrete.  The  steel  bridge  will  cost 
from  $5,000  to  $6,000  and  the  reinforced  con- 
crete bridge  about   $1,000   more. 

Cleveland,  O. — Until  11  a.  m.,  Feb.  20,  by 
County  Commissioners,  Wm.  F.  Black, 
Clerk,  for  consti-ucting  two  culverts  on 
Canal  Road  in  Newburg  Township. 

Lisbon,  O, — Until  Feb.  15,  by  County  Aud- 
itor, for  abutments  for  a  bridge  located  near 
the  pumping  station  at  East  Palestine.  At 
the  same  time  bids  will  be  received  for  the 
erection  of  an  iron  skew  bridge  at  the  above 
location.  50  ft.  in  length  with  a  14-ft.  clear 
roadway  and  a  6-ft.  sidewalk  on  one  side. 

Norwalk.  O. — Until  11  a.  m.,  Feb.  15,  by 
County  Auditor,  for  building  a  sandstone 
abutment  at  the  west  end  of  the  Green 
Creek  bridge  on  the  Maumee  Pike,  also  for 
the  erection  of  steel  joists  and  putting  in  a 
kreodone  block  floor  system  on  the  same 
bridge. 

Toledo,  O.^Until  Feb.  3,  by  Board  Public 
Service,  Reynold  Volt,  Secretary,  for  repairs 
to  the  bridge  over  the  Maumee  River  at 
Cherry  St. 

Lawton,  Okla. — Until  Feb.  9,  by  County 
Commissioners  of  Comanche  County,  for 
constructing  two  steel  bridges — a  75-ft.  span 
and  a  32-ft.  span. 

Cuero,  Tex. — Until  Feb.  6,  by  Rudolph 
Kleberg,  Jr,,  County  Judge,  for  constructing 
bridge  over  Guadalupe  River,  near  Hoch- 
heim,   Tex. 

La  Prairie,  Que, — Until  G  p,  m.,  Jan,  29, 
by  F.  C.  Larose.  Secretary-Treasurer,  for 
constructing  iron  bridge  over  River  St.  Jac- 
ques. 


Buildings, 


Bids  are  asked  on  following  work,  the 
nctes  being  arranged  alphabetically  by 
states: 

Augusta,  Ga. — Until  3  p.  m..  Mar.  3.  bj" 
James  Knox  Taylor.  Supervising  Architect. 
Washington.  D.  C,  for  the  construction 
complete  (except  elevator)  of  an  extension 
to  the  U.  S.  PostofBce  at  Augusta. 

Newton,  la, — Until  2  p.  m..  Feb.  18,  by 
Frank  Sellman,  County  Auditor,  for  the 
erection  and  completion  of  a  3 -story  court- 
house. Proudfoot  &  Bird,  Architects,  625 
Flynn   Bldg..   Des  Moines,   la. 

Sigourney,  la. — Until  noon,  Feb.  24,  by 
A.  W.  Lynn,  County  Auditor,  for  the  general 
construction  of  a  court  house.  Wetherell  & 
Gage,  Architects.  202  Toungman  Bldg.,  Des 
Moines,  la. 

Fort  Riley,  Kan. — Until  10  a.  m.,  Feb.  23, 
by  Capt.  W.  N.  Whitman.  Constructing  Q, 
M.,  for  constructing  two  hay  sheds. 

Kansas  City.  Mc^Until  Feb.  3,  by  County 
Clerk,  for  the  construction  of  a  power  and 
laundry  building  and  smokestack  at  the 
Jackson  County  Home  for  the  Aged  and  In- 
firm, at  the  County  Farm  near  Little  Blue. 
Smith  &  Rea.  Architects,  Dwight  Bldg., 
Kansas  City.  Mo. 

Albany,  N.  Y. — Until  noon,  Feb.  3.  by 
State    Board    of    Armory   Commissioners,    F. 

A.  McNeely.    Secretary     Capitol.   Albany,    for 
repairs  to  armory  at   Albany. 

Binghamton,  N,  Y. — lentil  3  p.  m.,  Feb.  3. 
by  State  Commission  in  Lunacy,  T.  E.  Mc- 
Garr,  Secretary,  Capitol,  .■Albany,  N.  T., 
for  construction  of  vegetable  store  liouse  and 
for  farmer's  cottage,  including  heating, 
plumbing  and  electric  work,  at  the  Bingham- 
ton   State    Hospital,    Binghamton.      Franklin 

B.  Ware.    State   Architect.    Albany,    N'.   T. 
Industry,    N.   Y. — Until  7  p.   m..    Feb.  1,    by 

Miss     Lura    E.     Aldridge,     President    of    the 


Board  of  Managers,  New  York  State  Agri- 
cultural and  Industrial  School.  Industry,  for 
construction  complete,  including  heating, 
plumbing  and  electric  work  for  addition  to 
industrial  building,  hospital  foi:  contagious 
diseases,  four  cottages  for  boys  and  five  cot- 
tages for  employes  at  the  New  York  State 
Agricultural  and  Industrial  School.  Franklin 
B.  Ware,  State  Architect.  Albany,  N.  Y', 

Watkins,  N,  Y.— Until  2  p.  m.,  Feb.  13,  by 
Charles  M.  Woodward,  Secretary  Committee. 
Watkins.  for  construction  complete,  includ- 
ing plumbing,  for  a  waiting  pavilion  at  Wat- 
kins Glen.    Watkins. 

Reading,  O, — Until  noon,  Feb.  6,  by  Louis 
M.  Comer,  Secretary  of  Committee,  1204 
Market  St.,  tor  the  erection  of  Eagles'  Hall, 
to  be  built  according  to  plans  and  specjiflca- 
tions  on  file  in  the  office  of  Garber  &  Wood- 
ward. Architects,  907  Andrews  Bldg..  Cin- 
cinnati. O.,  or  at  office  of  Louis  Uehlin,  309 
Benson  St..  Reading.  O. 

Youngstown,  O, — Until  11  a.  m.,  Feb.  16. 
County  Building  Commission.  W.  B.  Jones. 
Secretary,  at  offlce  of  County  Auditor,  for 
the  construction  of  the  Mahoning  County 
jail  at  Youngstosvn.  The  different  proposals 
are  for  the  construction  of  a  complete  build- 
ing in  accordance  with  plans  and  specifica- 
tions for  the  same,  which  will  be  on  file  at 
the  office  of  the  County  Auditor  on  and  after 
Feb.  2.  Owsley.  Boucherle  &  Co.,  Architects, 
Maloney    Blk..    Youngstown,    O. 

Pittsburg,  Pa. — Until  10  a.  m..  Jan.  29,  by 
A.  B.  Sheplierd,  Director  Public  Works,  for 
construction  of  a  storage  building  at  the 
Brilliant  pumping  station  and  for  furnishing 
and  placing  crane  in  the  building.  Bond  for 
$10,000  required  for  the  construction  of  the 
building. 

Pittsburg,   Pa. — Until  10  a.  m.,  Jan.   29,  by 

A.  B.  Shepherd.  Director  Public  Works,  for 
the  following  work:  Erection  and  comple- 
tion of  low  pressure  steam  heating  and  ven- 
tilating apparatus  for  the  recreation  building 
at  Washington  Park;  erection  and  comple- 
tion of  low  pressure  gravity  steam  heating 
apparatus  in  swimming  pool  building  in 
Lawrence  Park. 

Danville,  Va.— Until  Feb.  5.  by  Charles  M. 
Robinson,  for  erection  of  a  brick  and  con- 
crete school  liouse  at  this  city. 

Fort  Monroe,  Va.— Until  10  a.  m.,  Feb.  15. 
hv  Capt  Ernest  R.  Tilton.  Constructing  Q. 
M  for  construction,  heating,  plumbing,  elec- 
trical wiring  and  fixtures  for  two  sets  of 
Field  OfBcers'   Quarters  at  Fort  Monroe. 

Roads  and  Streets. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Whipple  Barracks.  Ariz. — Until  3:30  P-  m.. 
Feb.  15  bv  Lieut.  K.  P-  Williams.  Con- 
structing Q.  M.,  Prescott,  Ariz.,  for  con- 
struction of  concrete  walks  around  and  from 
11  sets  of  officers'  quarters  to  proposed  main 
walk  at  Whipple  Barracks. 

Bluffton,  Ind.— Until  10  a.  m.,  Feb.  4,  by  O. 
D  Garrett.  County  Auditor,  for  the  con- 
struction of  the  following  gravel  and  macad- 
amized roads;  One  between  Jefferson  and 
Lancaster  Townships.  10,596  ft.;  two  m  Jef- 
ferson Township.  10.397  and  10.598  ft.;  one 
in  Union  Township,  5.250  ft.;  two  in  city  of 
Bluffton.   4,854  and  3,752  ft. 

Bluffton,  Ind.— Until  10  a.  m..  Feb.  4,  by 
O  D  Garrett  County  Auditor,  for  the  con- 
struction of  two  stone  roads  in  Jefferson 
Township  two  in  Harrison  Township  and 
one  in  Jefferson -Lancaster  Township.  Also 
for  the  construction  of  a  gravel  road  in 
Union  Township. 

Bloomington,  Ind.— Until  2  P-  m..  Mar.  2, 
by  P  M  Cook.  County  Auditor,  for  con- 
structing gravel  and  macadamized  road  in 
W'right  Township;  also  for  similar  road  in 
Stockton  and  Wright  Townships, 

Bloomington,  Ind.— Until  2  p.  m.,  Feb.  3. 
by  Horace  Blakely.  County  Auditor,  for  con- 
structing two  pike  roads  in  Bloomington 
Township. 

Crown  Point,  Ind. — Until  noon.  Feb.  1.  by 
Charles  A.  Johnson.  County  Auditor,  for 
constructing  three  gravel  roads  in  North 
Township. 

Franklin,  Ind.— Until  1:30  p.  m.,  Feb.  S.  by 
W.  B  Jennings.  County  Auditor,  for  con- 
structing gravel  road   in  Union  Township. 

Laporte,  Ind. — Until  10  a.  m..  Feb.  4.  by 
Chas.  H.  Miller.  County  Auditor,  for  con- 
structing two  macadam  roads  in  Center 
Township. 

Lebanon.    Ind. — Until    1    p.    m..    Feb.    1.    by 

B.  F.  Herdiich.  County  Auditor,  for  the 
construction  of  a  gravel  road  in  Clinton 
Township,   10.730  ft.  long. 

Logansport,  Ind. — Until  noon.  Feb.  3,  by 
Geo.  W.  Cann.  County  Auditor,  for  con- 
structing the  following  roads:  Stone  road  on 
line  dividing  Jackson  and  Tipton  Townships; 


macadamized  road  in  Boone  Township;  stone 
road  on  line  dividing  Washington  and  Deer 
Creek  Townships,  and  macadamized  road  di- 
iding  Jackson.  Tipton  and  Deer  Creek 
Townships. 

Logansport,  Ind. — Until  noon,  Feb.  3,  by 
George  W.  Cann.  County  Auditor,  for  con- 
structing following  roads:  Stone  road  on 
line  dividing  Jackson  and  Tipton  Townships; 
macadamized  road  in  Boone  Township;  stone 
road  on  line  dividing  W'ashington  and  Deer 
Creek  Townships,  and  macadamized  road  di- 
viding Jackson,  Tipton  and  Deer  Creek 
Townships. 

Muncie,  Ind, — Until  10  a.  m..  Feb.  3.  by  J. 
E'.  Davis,  County  Auditor,  for  improvement 
of  two  highways  in  Delaware  Township,  by 
grading,  draining  and  paving  with  crushed 
stone;  also  for  improvement  of  a  public 
highway  in  Center  Township,  by  giaaing, 
draining  and  paving  with  brick. 

Rockville,  Ind. — Until  1:30  p.  m..  Feb.  4, 
by  H.  A.  Henderson.  County  Auditor,  for 
tlie  construction  of  a  gravel  road  in  Union 
Township. 

Spencer.  Ind. — Until  noon.  Feb.  18,  by 
Geo.  W.  Edwards.  County  Auditor,  for  con- 
structing gravel  road  on  line  between  Clay 
and  Owen  Counties;  also  for  constructing 
the  following  gravel  and  macadamized  roads; 
one  in  Franklin  Township,  9,307  ft.;  one  in 
Jackson  Township.  11.062  ft.,  and  one  in 
Wayne  Township,  13.222   ft. 

Terre  Haute,  Ind. — Until  11  a.  m.,  Feb.  6, 
by  N.  G.  Wallace.  County  Auditor,  for  the 
improvement  by  grading,  graveling  and  pav- 
ing the  following  roads:  one  in  Prairieton 
Township,  two  in  Honey  Creek  Township 
and  one  in  Fayette  Township. 

Tipton,  Ind.— Until  10  a.  m.,  Feb.  5,  by  J. 
F.  Barlow.  County  Auditor,  for  constructing 
three   gra\'el    roads. 

Williamsport,  Ind. — Until  1  p.  m..  Feb.  1, 
by  Robert  L.  Winks,  County  Auditor,  tor 
constructing  gravel  road  in  Liberty  Town- 
ship. 

Washington,  Ind, — Until  2  p.  m..  Feb.  1, 
by  Thomas  Nugent,  County  Auditor,  for  con- 
structing gravel  road  in  Washington  Town- 
ship, 

Indianola,  la. — Until  7  p.  m.,  Feb.  8,  by 
Arthur  Lee,  City  Clerk,  for  constructing 
about  15.300  sq.  yds.  of  3-in.  creosoted  wood 
block  paving  on  a  5-in.  concrete  foundation 
and  about  7. 884  lin.  ft.  of  6-in.  x  20-in.  con- 
crete curb,  and  4.^0  yds.  of  extra  grading. 

Shenandoah,  la. — Until  Feb,  1,  by  City 
Clerk,  for  paving  Maple  St.  and  north  end 
of  Elm  St.  with  creosoted  blocks,  at  an  esti- 
mated cost  of  $2.65  per  sq.  yd. 

St,  Louis,  Mo- — Until  Feb.  5.  by  Board 
Public  Improvements.  W.  B.  Dayton.  Secre- 
tary, for  pa\ing  portions  of  a  number  of 
streets. 

Brooklyn,  N.  Y.— Until  11  a.  m..  Feb.  3, 
by  Bird  S.  Coler.  Borough  President,  for  im- 
provement of  portions  of  several  streets  by 
regulating  and  paving  with  asphalt,  and  by 
laying    sidewalks. 

Galveston,  Tex, — Until  noon,  Jan.  28,  by 
Citj*  Commissioners,  A.  T.  Dickey,  City  En- 
gineer, for  constructing  4.23d  sq.  yds.  of 
brick  pavement  and  1.158  lin.  ft.  of  concrete 
curb  on  23rd  St. 

Sewers. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states; 

Keokuk,  la. — Until  noon.  July  30.  by  J. 
Ross  Robertson,  City  Engineer,  for  construc- 
tion  of   1.050   lin.    ft.    of    S-in.    sewer. 

Belleville,  III. — Until  Jan.  30,  by  Board  Lo- 
cal Improvements,  for  constructing  sewers 
in  Missouri  Ave,.  State  St..  and  Virginia 
Ave. 

Decatur,  III.— Until  2  p.  m.,  Feb.  1.  by 
Board  Local  Improvements.  A.  B.  Alexander. 
Engineer,  for  constructing  IS-in..  15-in.  and 
12-in.  vitrified  tile  sewer. 

Lincoln,  III, — Until  10  a.  m..  Feb.  1,  ac- 
cording to  reports  by  City  Clerk,  for  con- 
structing Hamilton  St.   sew-er. 

Ottawa,  III, — Until  7  p.  m.,  Feb.  2.  by 
Bo.ird  Local  Improvements.  W.  H.  Irwin, 
Secretary,  for  constructing  sewer  in  Fulton 
St..  the  "work  including:  760  ft.  12-in..  608 
ft.  10-in.  and  2S6  ft.  S-in.  sewer:  416  ft.  S-in. 
inlet  connection;  5  brick  man-holes,  total 
depth  40  ft.;  constructing  foimdation  and 
placing  inlets.  $60;  3.500  lbs.  of  iron  castings; 
90  lbs.  of  wrought  iron  steps;  840  cu.  yds. 
of   roclv    excavation. 

Marion,  Kan, — Until  Feb.  2,  by  City  Clerk, 
for  constructing  about  2^  miles  of  main  and 
lateral  sewei's  in  Sewer  District  No.  3. 

Louisville,  Ky, — Until  noon,  Feb.  5,  by  the 
Commissioners  of  Sewerage.  J.  B.  F.  Breed, 
Chief  Engineer,  for  the  construction  of  se'w- 
ers   known   as    Walnut   St.    Contracts    No.    21 
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und  No.  22;  L'luy  81.  Sfwrr  I'ontnict  No.  2S, 
itiul  St.  Xavler  St.  Sewev,  Conti-ui-l  N<>.  i*. 
Ttu-   work    will    con«l»l    of   iitxtui    5.4«u    ft.    of 

t'liIUT«*le    Ullii    |>1|M'    HfWfl'H    uf    HlZfM    Ih'IWIM'II     \S 

Id  mill  30  In.  dliiinctvr  aiul  liuludlni;  ;iir> 
111  ydM.  of  roiurri)-.  Tile  drptli  of  Illt-Hu 
.tt-Wi-is  1M  from  •>  to  10  ft. 

Detroit.  Minn.— riitll  T  p.  m..  Fel>.  10.  by 
I'lmn  <;.  Sturt<\unl.  City  Clerk,  for  labor 
und  iiiuli-rlul  for  roiisiruiilnit  a  m-wrr  iiy»- 
tfin.  to  Iniludo  two  newer  lllls.  Heplli-  lank 
und  Mtoriii  water  »e\ver.  lA)wetli  &  Wolff. 
Kniclneers  old  Mrst  National  Hunk  ItldK-. 
St.  I'aul.  Minn. 

Vlckaburg.  Ml«i.— I'nill  Feb.  1.  by  Mayor 
J  J  lla\eH.  for  lonBlructlng  storm  .lewer  In 
Clay   St.' 

Brooklyn.  N.  Y.— fntll  11  a.  ni..  Feb.  3. 
by  HIrd  S.  Coler.  BorouBli  PreHldent.  for 
loii.ilriu  lliiB  several   sowers. 

Oswego.  N.  Y.— Cnill  2  P.  m..  Jan.  :».  by 
John  Smitli,  Commissioner  of  Public  Workn. 
for  constructing  12-ln.  tile  sewer  In  Mitchell 
St. 

Ashtabula,  O. — Until  noon.  Feb.  ll!.  by 
Hoard  Public  Service.  A.  J.  Klehardson 
Clerk,  for  constructing  1,372  lln.  fl.  of  1  ft.  lu 
In.  X  2  ft.  it  In.  concrete  sewer.  3.ii2U  lln.  ft. 
of  1  ft.  8  In.  X  2  ft.  6  In.  concrete  sewer.  774 
lln  ft  of  20-ln.  sewer.  2.154  lln.  ft.  of  l."i-ln. 
sewer  and  1.790  lln.  ft  of  12-ln.  sewer.  OIH- 
clal  advertisement  will  be  found  elsewhere 
In    tills   Issue. 

Toledo,  O. — I.'ntil  noon.  Jan.  29,  by  Board 
public  Service.  Reynold  Volt.  Secretary,  for 
lalHir   and    material    for  constructing   a    local 

sew  er. 

Toronto  Ont. — fntll  noon.  Feb.  2.  by 
Mayor  Joseph  Oliver.  Chairman  of  the 
Board  of  Control.  City  Hall,  for  the  con- 
struction of  Sec.  No.  3  of  the  high  level  In- 
tercepting sewer.  Tenders  may  be  alterna- 
tive for  brick  and  concrete  as  called  for  In 
the  revised  specifications.  The  following  is 
an  approximate  statement  of  the  work  re- 
nuired  to  be  done:  1.972  lln.  ft.  of  7  ft.  6  In.. 
•  419  lln  ft  of  7  ft.  9  In.,  l,.i;6  lln.  ft.  of  S  ft., 
and  439  lln.  ft.  of  S  ft.  6  In.,  together  with 
manholes,   connections,  etc. 

Brantford,  Ont.— Until  noon,  Feb.  11.  by 
Chairman  Board  of  Works,  care  City  Clerk, 
for  the  furnishing  and  laying  of  about  2,250 
ft  of  12-ln.  extra  strength  sewer  pipe  and 
635  ft  of  12-ln.  cast  iron  pipe,  together  with 
11  manholes.  Greatest  cut.  32  ft.  Average  cut, 
17 >i  ft.     T.  Harry  Jones,  City  Knglneer. 


Water  Supply. 


Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetU-ally  by 
slati-s; 

Baltimore.  Md.— fntll  11  a.  m..  Feb.  3.  by 
the  Sewerage  Commission,  Harry  \V. 
Rodgers.  Secretary.  904  American  Bldg..  for 
Sanitary  Contract  No.  37— construction  of 
water  tanks  and  tower  at  the  sewage  dis- 
posal  works  on   Back   River. 

Scranton.  Miss.- Vntll  Feb.  2.  by  M.  M. 
\Vatkins.  Citv  Clerk,  for  erecting  7."i.000-gal. 
steel  tank  with  splierical  bottom,  on  steel 
tower  100  fl.  height  to  balcony.  For  specifi- 
cations address  Walter  G.  KIrkpatrIck,  Engi- 
neer. Jackson.   Miss. 

Gillette,  Wyo. — Bids  are  reported  asked  by 
City  Clerk  until  Feb.  1,  for  constructing 
water  works  for   this  city. 

Miscellaneous. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Fort  Wayne,  I nd.— Steel  Erecting.— Until 
nixm,  Jan.  27.  by  William  F.  Stillwell,  Gen- 
eral Contractor.  Ijifayette,  Ind..  for  erecting 
steel  for  the  Shoaff  (9-story I  Office  Building, 
hicatcd  In  Ft.  Wayne.  The  steel  will  be 
delivered  on  thir  ground  with  all  work  done 
on  the  same  tliat  is  usuallv  done  away  from 
the  building.  The  contractor  has  all  hoist- 
ing machinery  he  deems  necessary  for  the 
erection  of  this  steel  which  the  sub-contrac- 
tor will  be  allowed  to  use  upon  reasonable 
terms. 

Baltimore,  Md.  — Lighting  System.  Etc.— 
Until  II  a.  m..  Feb.  3.  by  Park  Board.  Wm. 
S.  .Manning.  General  Superintendent.  Druid 
Mill  Park,  for  work  to  be  done  at  Federal 
HIM  Park  and  for  the  Installation  of  an  Un- 
ilergTound  Electric  Lighting  System  at  Pat- 
terson Park.  The  work  contemplated  Is: 
(I)  The  under-drainage  of  slopes  on  Hughes 
and  Covington  Sts.  sides  of  Federal  Hill 
F*ark  and  the  repairing  of  a  retaining  wall 
on  Batter>-  Ave..  Federal  Hill  Park.  (2) 
The  Installation  of  an  electric  lighting  sys- 
tem around  the  swimming  pool,  men  and 
women's  gymnasium,  running  track,  and 
along  the   mall   In    Patterson    Park. 

Frankfort,    Mich.— Pier    Work.— Until    3    p. 


m.,  Feb.  U,  by  Col.  },l.  U.  Ailums,  U.  ti. 
Knicr.,  57  I'urk  St  ,  Gmnd  Ruplds,  .Mich,  (or 
repair  of  south  pier  ut   Frankfort. 

Albany,    N.    Y.— Street    Dirt    Removal,    Etc. 

Until  3  p.  m.,  Feb.  1.  by  Board  of  Contract 
und    Supply.     Isidore     Wachsiiuiii.    Secretary, 

for  (11    removal  of  street  din.   I d  for  110,- 

UOO  rei|uired  with  bid.  and  iJi  leinovul  of 
di'ud  animals,  bond  for  tlou  re<|Ulred  with 
bid. 

Philadelphia,  Pa.  — Borings.— Until  noon, 
Feb.  1,  by  J.  t.'.  Grady,  i  .rector  Department 
tif  Wharves.  Docks  an. I  l'*errles.  for  t)or- 
Ings  necessary  to  show  the  nature  of  the 
Delaware  River  bottom,  on  the  siti;  of  the 
proptisytl  Dock  St.  and  Vine  St.  piers,  be- 
tween the  bulkhead  line  und  I'ort  Warden's 
line. 

Excavation,  Earth  and  Rock. 

Bids  are  askid  on  follnwing  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Edinburg.  III.— Tile  Drain.  — Until  11  a.  m.. 
Feb.  I'.,  by  t'ommlssloners  of  District  No.  2. 
care  o.  L.  Whitmer.  Town  Clerk.  Edinburg. 
for  furnishing,  hauling,  laying,  etc..  10.83U 
ft..  7-ln.  to  22-in.  tile.  J.  W.  Dappert,  Engi- 
neer. Taylorville.  111. 

Delphi,  Ind.— Ditch —Until  1  p.  m..  Feb.  6. 
by  J.  D.  Zurtman.  Drainage  Commissioner  of 
Carroll  County,  at  the  law  office  of  J.  O. 
Obear.  Delphi,  for  the  construction  of  the 
Robertson   tlilch. 

Fowler.  Ind.— Ditch  Work.— Until  1  p.  m.. 
Feb.  IS.  by  Chester  B.  Whicker.  Superin- 
tendent of  Construction,  at  office  of  Counte 
Surveyor,  for  constructing  W.  B.  Curtis' 
Joint  ditch  in  Round  Grove  Township.  Work 
consists  of  7.100  ft.  of  tile  and  31.300  ft.  of 
dredge  work.  Official  advertisement  will  be 
found  elsewhere  in   tills  issue.  ' 

Fayette,  Miss.— Drainage  Work.— Until 
Feb.  1.  by  Commissioners  of  Gum  Ridge 
Di-ainage  District,  for  construction  of  sys- 
tem of  canals  and  levees  for  the  district; 
work  includes  about  140,000  cu.  yds.  C.  H. 
Jenks.    Engineer,    Fayette,    Miss. 

Philadelphia,  Pa — Dredging.— Until  noon. 
Feb.  1.  by  J.  C.  Grady,  Director  Department 
of  Wliarves,  Docks  and  Ferries,  dredging 
docks  and  bulkheads  in  the  Delaware  and 
Schuylkill  Rivers,  including  shoals  adjacent 
or  near  any  pier,  during  the  year  1909. 

Materials,  Machines,  Supplies,  Etc. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Phoenix,  Ariz. — Pumping  Engine. — Until  4 
p.  m..  Feb.  10,  by  Kobt.  A.  Craig,  Superin- 
tendent of  Water  Works,  for  a  3,000,000- 
gallnn    pumping    engine. 

Washington,  D.  0. — Track  Supplies. — Un- 
til 10:30  a.  111..  Feb.  15,  by  Capt.  F.  C. 
Boggs,  General  Purchasing  Ofllcer,  Isthmian 
Canal  Commission,  for  furnishing,  under  Cir- 
cular 491.  steel  rails,  angle  burs,  tie  plates, 
frogs,  switch  points,  switcli  stands,  rail 
braces,    spikes,    track    bolts,    etc. 

Savannah,  Ga.— Paving  Blocks. — Until  Feb. 
15,  by  Harrv  Willlnk,  Director  Public  Works, 
for  furnishing  city  with  5,000  si|.  yds.  of 
gianile  paving  blocks,    f.   o.    b.    Savannah. 

Chicago,   III Transformers,   Wattmeters.— 

liitil  noon,  Feb.  3,  bv  Trustees  Sanitary 
District  of  Chicago,  1.  J.  Bryan.  Clerk. 
American  Trust  Bldg.,  for  furnishing  and  In- 
stalling (1)  tninsformers,  and  t2)  alternat- 
ing current    wattmeters. 

Baltimore.  Md.— Tile— Until  Feb.  3.  by 
Board  of  Awards.  J.  Burry  MaliiHd.  Presi- 
dent, for  furnishing  buff  color  brick  or  as- 
phalt tile  and  block  for  project.d  improve- 
ments for  Park  System,  .\pproxiiiuitely  400.- 
000  brick  or  asphalt  tile  ami  block  of  enulva- 
leiil  area  will  be  purchased.  J.  Harry  Gross, 
Park   Engin.er.   Druid   Hill   Park. 

Detroit.  Mich.— Road  Rollers.— Board  of 
C.oiiilv  Koail  Commissioners  will  open  bids 
eaiiv  III  February  for  the  purchaso  of  two 
St.  am  r..|l.rs  t.>  be  used  In  road  c. instruction. 

Buffalo,  N.  Y.— Engine.  Dynamo.  Etc. — 
I'ntll  3   p.   111.,  Feb.   3.   by   State  Commission 


In  Luiuicy.  T.   E.   .M 
N.    v..    for  engine  .. 

new    feed   water    li..i. 

huuHl  mains,  at  the  UufTal.> 
Uurrulo.  Fmnklln  B.  Wui 
t<-et.    Albany.    N.    Y. 

N«w    York,    N.    V Broken    Stone —Until 

noftn,     F.'l'     ^.     by    George    Cromwell.    Presl- 
dei.i    !  I   Uorough.   for  furnishing  and 

dell  lOO    tons    of    broken    atone    and 

scr.  ■ 

Lorain,   O.  —  Pump. — Until   r 
|{<iard   Public  Service.  A.    W 

for  furnishing  deep  well  puiii; .-   .  j 

of  10.000  gallons  per  hour. 

Anadarko.  Okla.— Pumps,    Pipe.   Kic —Until 
Feb.    1.    by    the    Mayor,    for   V       -     -   ' 
said    city    of    two    triplex    pun 
tubular    boilers,    cast-iron    u 
.Inints   and    valves,   and    s.-w.r   i-ii'i-    .ir.i    :.:- 
lings:     also     for     Ilush     tanks    and     imiii)iiii..* 
covers.        Specillcations    from    O'Neill     KiikI- 
iieerlng    Co..    Dallas,    Tex. 

Pittsburg,  Pa.  Crane. — Until  10  a.  m  ,  Jan. 
29,  by  .\  B.  Shepherd.  Dir..t..r  Put. lie 
Works,    ftir   furnishing    .' ■  -. 

storage  buil.lliig  at  the  I 
tlon.      See  also  un.Ier  lU'. 

Saskatchewan,  Sask.  — Boilers.  —  Until  <>  p. 
m..  Feb.  3.  by  J.  H,  Trusdale.  City  Clerk, 
for  50I1  HP.  boilers  In  two  or  three  units. 

Kingston,  Ont. — Cement,  Sewer  Pipe. — Un- 
til   n.H.n.    Jan.    2S.    by    H     B     R     Cmltr,    city 
lOnglneer.    fi^r   furnishing: 
land   cement  and   for   fu- 

Lethbrldqe,     Alberta, 
ery.   Etc.— Until   .Mar.    I.   by   <je..rg.-    \\  ,    Rob- 
inson,   Secrelar>'-Treasurer,    Cil.v    of     Leth- 
bridge.    for   a    municipal    power    plii"'        '"■i.' 
are  wanted  on   the  following:   A,    '  I 

acces.sorlcs;  B.  economizer:  C.  f. 
D,  mechanical  draft;  E,  pipe  ;<....  .^  ui,.i 
valves;  F,  steam  turbine  generator;  G,  steam 
engine  generator;  H,  re-erectlon  of  steam 
engines;  I,  condensing  sets:  J,  crane;  K, 
switchboards,  etc.;  L.  m.it..r  generators  and 
transformers;  M,  building  steel  work,  etc. 
Smith.  Kerry  &  Chance,  Engineers,  Toronto, 
Ont. 


CONTRACTS  LET. 


The  following  contracts  have  been  let   re- 
cently: 


Geo.   W.   Jackson.    In.- .   Chi.  ago.   Ill 

The  Tol.'do-.Masslll.in    Ilri.li;.'  Co.,  Toledo,   O. 
Fort  Pitt  Bridge  W.irks,  Pitt.-I.m  -    "'i 
.Milwaukee  Bridge  Co..  .Milwai. 
.Mii.l.rii  Si.i.l  .Slniciural  Co.  W 
Wisconsin    Bridge  *   '••••   •' 

Charles   \'..lkmaiin  a  III 

Penn  Brl'U-e  c.      R.  

W..r.l.n-.\" 

Slr.ili'l    Si  ChtcacO,   III.. 


King  Brill. 

Nutl»>nal  I 'iiMi  liiii  iiik- 


'ugn.  III 


Augusta,  Ga. — Bridge. — Roanoke  Bridge 
Co..  ItLianoke,  Va.,  at  $27,596,  for  constructlns 
bridge  over  Savannah  River  at  Center  St. 

Gainesville,  Ga.— Post  Office. —Wllmarth 
Building  Co..  New  York  City,  for  construct- 
ing  U.   S.   Post  Office  building  In   this  city. 

Gadsden,  Ala.— Sidewalks.— Chas.  Duncan, 
at  85  cts.  per  sq.  yd.,  (or  5,000  »<i.  yds.  of 
sidewalk    iiaving. 

Boulder,  Colo.— Concrete  Dam. — Mac.\rthur 
Bros.  Co..  11  Pine  St..  New  York,  for  .on- 
structlng  Barker  Meadow  Dam  at  Boulder. 
Dam  will  be  built  of  cyclopedlan  concrete 
masonry  and  will  contain  about  135,0t>0  cu. 
yils.    iif   concrete. 

Denver,  Colo. — Irrigation  System.  -I'arker- 
Washlngioii  Construction  Co.,  4."i"0  Duncnn 
.\\e.  St.  I.<Liuls.  .Mo.,  has  cont!.'  fur  .in- 
structing irrigation  system  fm  . 
Irrigation  District.  AIk>ui  ! 
ixpended.  It  Is  said.  The 
90  miles  long,  and  a  series  of  t..sei\oli;i  will 
be  built  along  the  course.  A  15,000-ft.  tun- 
nel will   be  bored. 

Chicago,  III — Bridge  Work  -JJeorge  W. 
Jackson    Co       Inc.    Chicago,    at    W?,11.-.     (or 

i-oii-*-       Tuctures  fl  ^  *'"  ■  '   ■"      :' - 

off   I  luko.i  V\\ 

the  C.   Ji   N 

Norm    .-iliiii      .   .ii.iiiiiel.        The    v\  ■  ici.i    i  :     I'.i- 

superstructure      of        the        M.'iyfalr       cutolT 

bridge      Is      7.10.000     lbs       and       the       weight 

of      the      .Milwaukee       I<!  is 

.192.000  lbs        The  Idds  r.  rus- 

i.-s  ..f  the  S;i!iltan-    DI--  '    R 

Dart.    Bri-  (1> 

Stan. ling  i  •■   of 

.M.iyfiilr  1    fnr 

siiperstrti 

i.Ti    f.ir    ■ 

p.. und.    It' 

per    noun.l.     ..M     fir    .Mli     1:  lii 

cents  per  iiound.  and  (6)  for  t  I. 

(1)  (2)  (3)  (4)  I 

I21.S5I.00     110.464.00     4Vi  10  3S  ^■2.ol5.00 

22.100.00       n. 730.00    3.7  5  4  33.830.00 

•  :  :! J  Ml  nil     314  7  4  35.S20.0O 

'4  *M  m  35.(60.00 

■^  S  6  36.714.00 

I  t  4  37.400.00 

;i4.i.!u.uu                           I  5  3H  38,015.00 

24.S0U.00                           1.3  8  i%  38,130.00 

25.442.00                            :^i  7  5  38.967.00 

26.684.00  10  6  40.178.00 

27.100.00                             4  5  4H  40.400.00 

26,228.00       :.     ..          jij  4.6  4  40,820.00 
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Peoria.  III.— Bridge.— J.  S.  Allen  &  Co., 
Peoria,  at  SI. 055.  for  constructing  bridge  in 
Rosefleld    Township. 

Wichita,  Kan.— Bridges. — Wichita  Con- 
struction Co..  Wichita,  Kan.,  at  $8,850.  for 
constructing  bridges  over  Arkansas  River  at 
Lawrence  Ave.,  for  the  count\'.  and  at  $1,000 
for  a  40-ft.  steel  bridge  on  21st  St.;  C.  E. 
Carr,  at  $1,690,  each,  for  erecting  three  steel 
bridges    for    county. 

Louisville,  Ky. — Sewers. — Henry  Bickel  Co., 
at  about  $30,000.  for  constructing  the  Hoertz 
Ave.  sewer,  and  the  Schultz  &  Vogt  Co.,  at 
about  $12,000,  for  constructing  the  Auburn 
Ave.  sewer,  for  the  Sewerage  Commission. 

Anoka,  Minn. — Ditch. — .7.  J.  Hankerson, 
Glencoe,  Minn.,  at  $7,470,  for  constructing 
Ditch  No.  49.  requiring  83.000  cu.  yds.  of  ex- 
cavation. 

Ludington,  Mich. — Bridge  Work. — Joliet 
Bridge  Co.,  Joliet.  111.,  at  $3,800,  for  complet- 
ing bridge  over  Lincoln  Lake,  by  extending 
structural  work  about  250  ft.,  and  construct- 
ing cement  floor. 

Springfield,  Mo. — .Sewer. — John  Spandri,  for 
constructing  sewer  in  District  No.   12. 

Omaha,  Neb. — Foundation  Excavation. — J. 
L.  Brandels  &  .Sons  let  the  contact  for  ex- 
cavating for  the  new  theater  building  at 
Seventeenth  and  Douglas  Sts.  to  Lamoreaux 
&   Peterson  of  this  city. 

Flemington,  N.  J. — Macadam  Road. — Van 
Keuren  &  Son.  Newark,  N.  J.,  at  $38,890,  for 
constructing  about  six  miles  of  macadam 
road  for  county. 

Jersey  City,  N.  J.— Paving. — J.  F.  Shanley, 
for  pa\ing  with  brick  on  Randolph  Ave. 

Glendive,  Mont. — Building. — W.  T.  Perham. 
Miles  City.  Mont.,  for  erecting  $35,000  high 
school    building    for    Dawson    County. 

Hillsdale,  N.  J.— Macadam  Road— H.  B. 
Sproul,  Bingliamton,  N.  Y.,  at  $35,900,  for 
grading  and  macadamizing  a  road  in  this 
townsliip. 

Muskogee,      Okia Storm     Sewer. — McCor- 

mick  Constructing  Co..  St.  Louis,  Mo.,  at 
$117,309,  for  constructing  storm  sewers  in 
two  districts  and  the  Heman  Construction 
Co.,  FuUerton  BIdg.,  St.  Louis,  Mo.,  at  $68.- 
351,  for  constructing  storm  sewers  in  one 
district. 

Chattanooga,  Tenn. — Paving. — West  Con- 
struction Co..  at  $48,460.  for  paving  Broad 
St.  with  asphalt;  Southern  Paving  &  Con- 
struction Co..  at  $13,160.  for  paving  Hooke 
St.    with    brick. 

Guytnon,  Okla. — City  Hall. — Ballinger  & 
Fischer,    for   building    new    city    hall. 

Erie,  Pa.— Sewers.— J.  J.  &  M.  E.  Doyle, 
for  constructing  18-in.  sewer  in  Wallace 
St.   and  a    12-in.    sewer   in    Sth   St. 

Galveston,  Tex. — Concrete  Drain. — Heftron 
&  Falligant.  Galveston,  at  $37,575,  for  con- 
structing  reinforced   concrete  drain    for  city. 

San  Antonio,  Tex. — Cliurch. — Haynes.  San 
Antonio,  for  erecting  church  building  for 
the   First   Presbyterian   Church. 

Houston,  Tex. — Ditch  Work. — F.  B.  Ar- 
pion.  Grand  Rapids.  Wis.,  at  $52,172,  for 
ditch  work  in  Harris  County  Drainage  Dis- 
trict No.  1,  the  work  including  350.000  cu. 
yds.   of  ditching. 

Stamford,  Tex. — Bridges.  Etc. — Jarrett 
Construction  Co.,  Springfield,  Mo.,  for  the 
construction  of  all  bridges  and  buildings 
along  the  line  of  the  proposed  Stamford 
&  Northwestern  R.   R. 

Salt  Lake  City,  Utah. — Bridge. — Minneap- 
olis Steel  &  Machinery  Co.,  Minneapolis. 
Minn.,  at  $4,192,  for  furnishing  and  erecting 
riveted  steel  highway  bridge.  including 
foundation  and  approaches  with  two  side- 
walks, over  the  Indian  River  at  North  Tem- 
ple   St. 

Norfolk,  Va. — Bridge. — Receivers  of  the 
Norfolk  &  Southern  Ry.  Co.  have  let  a  con- 
tract to  the  McLean  Construction  Co..  tlie 
firm  that  is  building  the  Virginian  Railway 
pier  at  Sewall's  Point,  for  the  completion 
of  the  million-dollar  bridge  of  the  Norfolk 
&  Southern  across  Albemarle  sound.  A  por- 
tion of  the  bridge  had  been  begun  when 
the  road  went  into  the  hands  of  the  receiv- 
ers and  the  finishing  of  the  contract  was 
made  possible  by  the  recent  issuance  of  re- 
ceivers' certificates.  The  bridge  is  over 
five  miles  in  length.  One  end  of  the  bridge 
is  at  Edenton  and  the  other  at  Mackles 
Ferry.  N.  C.  An  allowance  of  $560,000  was 
made  for  the  completion  of  the  bridge. 

Cody,  Wyo. — Road  Work. — David  Lewis. 
Cowley,  "^^yo.,  at  $3,475,  for  constructing 
road    for    county. 


PROJECTED  WORK. 
Bridges. 

Items  Arranged  Alphabetically  by  States. 

Selma,  Ala.— County  Commissioners  have 
ordered  the  construction  of  a  bridge  over 
Cane  Creek,  a  bridge  over  i--ry  Creek  and 
a  bridge  over  Boguechitto  Creek.  The 
bridges  will  be  of  iron  and  steel  with  con- 
crete   floors. 

Fort  Morgan,  Colo. — State  Legislature  is 
to  be  asked  to  establish  a  bridge  half  way 
between  this  place  and  Brush.  T.  W.  Jay- 
cox.    Denver.    Colo.,   is   State   Engineer. 

Napa,  Cal. — Local  Chamber  of  Commerce 
is  advocating  the  construction  of  the  pro- 
posed state  bridge  over  Carquinez  Strait.  It 
is  proposed  to  have  a  suspension  bridge  ex- 
tending from  the  bluft  at  South  Vallejo  to 
the    shore   at    Vallejo   Junction. 

Norwich,  Conn. — The  New  York,  New  Ha- 
ven &  Hartford  R.  R.,  W.  H.  Moore,  New 
Haven,  Conn.,  Engineer  of  Bridges,  will,  it 
is  stated,  soon  commence  work  on  the  con- 
struction of  a  new  bridge  to  take  the  place 
of  the  one  now  spanning  the  Thames  from 
Winthrop's  Point  to  the  Groton  shore.  The 
bridge  will   be  a  lift  structure. 

Atlanta,  Ga. — An  appropriation  of  $66,000 
will  be  asked  for  the  construction  of  a  bridge 
at  Gray  St.  to  connect  Jones  Ave.  with  the 
Exposition  Cotton  Mills  District.  R.  M. 
Clayton   is   City   Engineer. 

Des  Moines,  la. — The  city  has  received 
from  the  various  railroads  interested  revised 
plans  for  the  proposed  viaduct  at  7th  St. 
The  Chicago.  Burlington  &  Quincy  R.  R., 
C.  H.  Cartlidge.  Bridge  Engineer,  Chicago, 
111.,    is   interested. 

Dubuque,  la. — City  Engineer  has  drawn  up 
plans  and  specifications  for  a  viaduct  to  be 
built  by  the  Chicago,  Milwaukee  &  St.  Paul 
R.  R.  from  Johnson  and  Garfield  Aves.  to 
Sycamore  St.  Plans  have  been  drawn  for 
a  concrete  structure  to  cost  $30,000  and  for 
an    iron    structure    to    cost    $45,000. 

Manchester,  la. — Supervisors  of  Delaware 
and  Jones  Counties  have  decided  to  con- 
struct a  joint  county  bridge  over  the  Ma- 
quoketa    River. 

Peoria,  III. — Representatives  of  the  subsid- 
iary lines  of  the  Peoria  &  Pekin  Union  Ry. 
held  a  meeting  Jan.  21  to  decide  upon  the 
tvpe  of  bridge  to  be  erected  over  the  Illi- 
nois River  at  Peoria.  W.  E.  Emery,  Peoria. 
111.,  is  Chief  Engineer  of  the  Peoria  &  Pe- 
kin   i'nion    Ry. 

West  Point,  Ky. — The  Lincoln  Park  Asso- 
ciation is  still  agitating  for  the  construction 
of  a    bridge  over   Salt    River  at    West   Point. 

Bangor,  Me.— The  Bangor  Ry.  &  Electric 
Co..  John  R.  Graham,  President,  has  made 
proposition  to  the  city  coimcil  for  the  con- 
struction of  a  new  bridge  over  the  Penobscot 
River   between    Bangor  and    Brewer. 

Towson,  Md. — Baltimore  County  is  to  spend 
about  $300,000  the  present  year  for  bridge 
work  and  road  improvements.  Henry  G. 
Shirley    is    County    Road    Engineer. 

St.  Paul,  Minn. — State  Legislature  is  to  be 
asked  to  appropriate  $400,000  tor  a  wagon 
bridge  across  the  Mississippi  River  at  Min- 
nesota  St. 

Kansas  City,  Mo.— The  U.  S.  War  Depart- 
ment has  approved  the  plans  of  the  Union 
Pacific  R.  R..  Russel  L.  Huntley.  Omaha, 
Neb.,  Chief  Engineer,  for  raising  and  length- 
ening its  bridge  over  the  Kaw  River. 

Springfield,  Mo. — County  Commissioners 
have  been  petitioned  to  construct  a  bridge 
over  Sac  River  at  the  Phillip  Sneed  ford 
on   Willard   and    Glidewell    Road. 

Cape  May,  C.  H.,  N.  J.— County  Free  Hold- 
ers have  appointed  a  committee,  of  which 
Director  Anthony  B.  Smith  is  a  member, 
to  act  with  the  State  Boulevard  Commit- 
tee in  reference  to  connecting  Cape  May 
and  Atlantic  Counties  by  means  of  a  bridge 
between  Somers'   Point  and  Ocean  City. 

Omaha,  Neb. — City  Council  has  passed  an 
ordinance  directing  various  railroad  compa- 
nies to  construct  a  viaduct  over  the  tracks 
from  30th  and  Bancroft  to  26th  and  Wal- 
nut   Sts. 

Portsmouth,  N.  H. — Tne  Boston-Maine  R. 
R.  is  considering  building  a  new  $350,000 
bridge    over    the    Pisqutaqua    River.        J.    P. 

Snow.    Boston.    Mass.,   is  Bridge  Engineer. 

Cincinnati,  Ohio. — The  City  will  have  work 
started  shortly  on  the  construction  of  the 
proposed  Gilbert  Ave.  viaduct;  a  bond  issue 
of  $283,000  was  authorized  some  time  ago  for 
the  work.  The  bridge  will  proliably  be  built 
of  reinforced  concrete  and  will  be  1,200  ft. 
long.  SO  ft.  wide  and  30  ft.  high.  Frank 
Morris    is    City    Bridge    Engineer. 

Barberton,  Ohio. — Eneineer  Alcorn  is  pre- 
paring  plans,    profiles   and    estimates   for  the 


proposed  Cornell  St.  viaduct.  The  struc- 
ture will  probably  cost  about   $70,000. 

Cleveland,  O. — Park  Engineer  Stinclicomb 
is  preparing  plans  for  a  v<j,000  bridge  over 
Big    Creek. 

Cleveland,  O. — Ordinance  is  to  come  be- 
fore the  City  Council  authorizing  a  vote  on 
the  question  of  issuing  $1,000,000  worth  of 
bonds  for  replacing  swinging  span  of  the 
Superior  Ave.  viaduct  with  a  bascule  bridge, 
removing  the  center  pier  and  repairing  the 
masonry  arches  and  in  the  elimination  of  the 
Central   viaduct    draw. 

Sulphur,  Okla.— Midland  Bridge  Co.,  Kan- 
sas Citv,  Mo.,  at  $5,493,  was  the  only  bidder 
Jan.  14  for  constructing  a  steel  bridge  over 
Rock  Creek  for  the  United  States  Govern- 
ment. 

Temple,  Tex.— The  Atchison,  Topeka  & 
Santa  Fe  Ry.  proposes  to  build  a  $25,000  via- 
duct  over  Adams  Ave. 

Granbury,  Tex. — City  has  voted  to  issue 
bonds  for  building  a  bridge  over  Brazos 
River. 

Salt  Lake  City,  Utah. — A  bill  is  before  the 
State  Legislature  providing  an  appropriation 
for  $35,000  for  constructing  a  steel  bridge 
over  the  Green  River,  between  Green  River 
and  Elgin. 

Milwaukee,  Wis. — United  States  Engineers 
have  approved  plans  of  C.  J.  Poetsch.  City 
Engineer,  for  a  new  bridge  at  Michigan  St. 
The  bridge  is  to  have  but  one  lift  and  a 
clear  span  of  80  ft.  An  estimate  of  $125,000 
has   been    made  for   the   bridge. 

Lander,  Wyo. — County  Commissioners  have 
requested  a  Federal  appropriation  of  $15.- 
000  for  use  in  constructing  bridges  on  tlie 
road  between  Lander  and  Yellowstone  Park. 
The  county  agrees  to  furnish  a  like  sum  for 
the   purpose. 

Railroads. 

Icems  Arranged  Alphabetically  by  States. 

Piggott,  Ark. — The  St.  Louis,  Kennett  & 
Southeastern  Rv.,  which  operates  a  narrow- 
gage  line  38  miles  long,  has  perfected  an 
arrangement  with  the  citizens  of  this  place 
by  which  a  short  line  connection  is  to  be 
niade  with  the  Frisco  by  way  of  the  present 
line  from  Nimmons.  R.  H.  Jones,  Kennett, 
^lo..    is   iiresident. 

Pine  Bluff,  Ark.— The  Cotton  Belt  R.  R.  is 
planning  to  expend  about  a  million  dollars 
in  rock  ballasting  its  track  and  rebuilding 
bridges  on  its  line  from  Texas  through 
Arkansas  to  Memphis.  The  principal  por- 
tion of  the  work  will  be  in  rebuilding  a 
great   many   of  the  old  bridges. 

Colorado  Springs,  Colo.— The  Beaver  Pen- 
rose Northern  Rv.  Co.  has  been  formed 
and  proposes  to  begin  construction  work 
at  once  on  a  7-mile  standard-gage  railroad 
to  connect  the  holdings  of  the  Beaver  Land 
&  Irrigation  Co.  with  the  Denver  &  Rio 
Grande  and  Santa  Fe  Railroads  at  Beaver. 
The  companv  has  a  capital  stock  of  $200,000 
and  the  road  will  cost  $100,000.  J.  H.  Wa- 
ters,   Colorado    Springs,    Colo.,    is    president. 

Elkhart,  Ind.— St.  Joseph  Valley  Ry.,  H.  E. 
Bucklen,  president,  275  Michigan  Ave..  Chi- 
cago. 111.,  is  contemplating  extending  its 
road  so  as  to  cross  the  gap  between  Elk- 
hart and  Toledo.  The  road  is  now  com- 
pleted   from    Middlebury    to    Angola. 

Fort  Wayne,  Ind. — The  city  council  has 
made  a  definite  start  toward  track  eleva- 
tion through  the  city.  The  city  is  to  pay 
25%  of  the  cost  of  track  elevation  at  cross- 
ings and  not   for   the   elevation   between. 

Des  Moines,  la.— Des  Moines,  Council 
Bluffs  &  Omaha  Ry.  has  filed  its  articles 
of  incorporation  and  according  to  M.  H. 
Miller,  secretary  of  the  company,  prelimi- 
nary work  is  to  he  started  at  once.  J. 
W.    Russell  is  president. 

Crowley,  La. — Surveys  have  been  made 
between  Crowley  and  Mellville  for  a  route 
for  the  proposed  line  between  the  former 
place  and  Lake  Arthur.  The  route  pro- 
posed is  abcut  20  miles  in  length  and  it  is 
proposed  to  connect  the  line  with  the  Or- 
ange, Gulf  &  Northeastern  Ry.  D.  B.  How- 
ell,   Lake    Arthur,    La.,    is    interested. 

lola,  Kan.— Kansas  City,  Olathe.  Ottawa 
&  lola  Ry  Co.,  mentioned  in  our  last  issue 
under  Electric  Railways,  has  applied  for  a 
charter.  The  company  will  have  a  capital 
stock  of  $5,000,000  and  proposes  to  build  a 
railroad  to  be  operated  either  by  steam  or 
electricity.  It  is  to  run  from  Kan.sas  City 
through  Olathe  and  Ottawa  to  lola.  The 
incorporators  are  J.  I.  Wolfe.  Burlington: 
W.  M.  Riger,  Burlington;  J.  D.  Bowersock. 
Kansas  Citv;  Robert  A.  Barr,  Kansas  City, 
Mo.;  W.  S.  Fallis,  Garnett;  C.  H.  Estabrook. 
Ottawa;  J.  P.  Harris.  Ottawa;  Frank 
Hodges.   Olathe;  J.   O.   Rodgers,  lola. 

Garden  City,  Kan.— The  Garden  City,  Gulf 
c&    Northern    R.     R..    mentioned    in    our    last 
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liiMue.  Is  ■tatetl  to  have  awarded  tlir  cim- 
tract  for  the  construction  of  the  line  from 
c:ardcn  City  to  Scott  City  to  the  Kansas 
I'onstrucllon  A  IrrlKalloii  Co..  of  which  B. 
M.  McCue  Is  President.  The  contract  pro- 
vides that  the  road  must  he  completed  and 
In    iipemtliin    by    Dec.    1.    I90it. 

KaUmizoo.  Mich — The  Kalamaz<Ki,  Uike 
Shftri-  &  I'hlcaKi*  Ily.  Is  slated  U>  be  plan- 
nlriK  to  make  a  nunil>er  t>f  Impriivcments  to 
Us  line  this  year.  H.  I>  Sway».-.  Paw  Paw. 
Mlih  ,    Is    tJeneml    Superliitcndiiit. 

Tucumcarl,  N.  Mex. — Thf  Tucumcarl- 
Mtniptils  l(\  C.i..  a  subsidiary  ('.irniuiny  of 
the  Kock  i.Hliiiid.  han  been  Incorporated  In 
New  .Mexico  and  will  complete  the  Choc- 
taw extension  to  Tucumcarl.  be);un  sevomi 
years  ai;o.  but  alMiiuloned  two  years  aRO. 
The  capital  stock  of  the  company  Is  11.500,000 
and  the  head>|tuirters  are  at  ClilcaKo.  III. 
B.  I.  WInchell.  H4  Van  Buren  St..  ChlcaRO. 
III..  I^resldent  of  the  Chlcaco.  Rock  Island 
&  Pnclllc  R.  R.  Is  one  of  the  Incorporators. 
Jamestown,  N.  Dak. — Advices  from  this 
place  state  tliat  the  construction  work  on 
the  -Midland  Continental  R  K.  will  be  active- 
ly commenced  on  ilay  1.  It  Is  staled  that 
Locjiling  KnKlneer  Heach  IwiS  been  directed 
to  ennane  500  teams  for  Kradlni;.  Three 
crews  are  to  be  put  to  work,  one  working 
from  Kdseley.  one  from  Jamestown,  and 
the  oilier    between    the    two   places. 

Sharon,  Pa. — The  Sharon  R  R  Co..  now 
openit.'.l  by  the  Krie  R  R  Co.,  Is  to  be 
Improved  this  spring.  It  Is  .said.  The  com- 
pany has  voted  10  expend  JTfiii.OOO  on  double- 
tracklne  the  road  between  T«nina  and  New- 
castle and  In  building  a  roundhouse  and  a 
number    of    switches. 

Pittsburg,  Pa. — Joseph  Ramsey.  Jr..  Pres- 
ident of  the  New  York.  Pittsburg  &  Chicago 
Air  Line  R.  R.  Is  quoted  In  the  local  press 
reports  as  slating  that  actual  construction 
work  will  be  begun  this  year  on  the  pro- 
posed road.  It  Is  stated  that  arrangements 
have  been  made  to  secure  the  necessarj' 
capital  to  go  ahead  with  the  work.  The 
ciiinpany  was  Incorporated  some  time  ago 
with  a  capital  stock  of  Jl. 000.000.  The  line 
between  Pittsburg  and  New  York  will  be 
3uO  miles  long  and  will  be  low-grade,  double 
track.  It  Is  to  be  ope:ated  by  electric  lo- 
comotives from  the  beginning.  It  Is  esti- 
mated that  the  road  can  be  built  In  three 
years. 

Pittsburg.  Pa. — The  Ollmore  &  Pittsburg 
H.  K.  <'o..  Ltd..  will  rec«*lve  bids  at  once  for 
constructing  a  120  mile  standard  gage  steam 
line  in  Idaho  and  Montana.  Contracts  for 
portions  of  the  heavier  work.  Including  a 
750  ft.  tunnel,  will  be  let  at  once.  The  work 
will  cost  atxmt  13.000.000  and  bidders  must 
be  prepared  to  install  on  the  work  before 
March  1.  1909.  Bid  will  be  received  at  the 
general  offices  of  the  companv,  1208  .Maches- 
ney  Bide.,  Pittsburg.  Pa.  T.  H.  Bacon  Is 
I'hI'f  Knglneer  and  W.  A.  McCutcheon, 
lY'sident.  both  at  the  above  address. 

Crossvllle,    Tenn The    Tennessee    Timber 

Co..  which  Is  composed  of  a  syndicate  of 
New  York  capitalists,  has  an  engineering 
corps  In  the  field  locating  a  raiimad  line 
from  Dorton.  Tt  miles  east  of  Cronsvllle.  to 
P«ivlne  Mountain,  a  distance  of  7  miles.  As 
soon  as  surveys  are  completed  grading  will 
be  started.  It  Is  said.  The  company  owns 
sev.ral  thousand  acres  of  timber  land  In 
this    section,    according    to    reports. 

Quanah,  Tex.— Acme,  Red  River  &  North- 
ern Ry.  Co.  held  a  stockholders?'  meeting 
.Ian.  21  to  consider  a  proposition  to  change 
Us  name  to  the  Quanah.  Acme  &  Pacific  Ry. 
Co,  and  to  Increase  its  capital  stock  and 
also  to  authorize  an  extension  of  45  miles 
In  Cottle  County.  The  line  at  present  is  6 
miles  long  and  extends  from  Quanah  to 
Acme.  Tex.  Charles  Elesmlnger  Is  Chief 
Knglneer.  T.  K.  Hawkins,  Quanah,  Tex., 
Is   Oeneral   Manager. 

Pecos,     Tex A     $35,000     bonus     has      been 

raised  here  to  aid  the  Pecos.  Toyah  Valley 
&  (Ireat  Southwestern  R.  R.,  whlcl»  projects 
a  line  from  Peos  to  Balmorhea.  M.  D. 
Swinehart.  933  Monadnock  Hldg..  Chicago. 
III.,  promoter  of  the  line.  Is  quoted  as  stat- 
ing that  construction  work  will  be  started 
by    March    1. 

Abilene,  Tex. — The  Abilene  &  Soiilhem 
Ry.  Co..  with  principal  office  at  Abilene, 
and  a  capital  stock  of  }200.000.  has  been 
chartered  and  proposes  to  construct  a  line 
160  mites  long  with  a  40-mlIe  branch,  mak- 
ing a  total  of  200  miles.  The  Incorporators 
are  G.  M.  Dodge.  Morgan  Jones.  D.  T.  Bo- 
mar.  John  W.  Bomar.  John  W.  Broad,  J. 
M.    Radford    and    others. 

Higglna,    Tex The      Mountain      Valley    & 

Plains  R.  R.  Co.  has  Inken  out  Its  charter 
in  Texas.  The  capital  slock  Is  $1,000,000 
and  the  principal  office  Is  at  Iliggins  The 
rojid  will  be  built  from  the  west  boundary 
line  of  Hartley  County  and  In  an  easterly 
direction  to  the  eastern  line  of  Lipscomb 
County,  through  the  town  of  Illgglns  and 
through    the    counties    of    Hartley.      Dallam, 


.ShiTOUlII.     .M.K,I,-,     llul'  |||N,,|I.     II  ■  1.  Ii- 

lllree    and    Lipscomb         The    lu  ure 

(•    S.   Harrington,   l«l    \V.    Hut:      -  M. 

Kella,    W.    K.    Kellciii.    Il.n    u.    I;.....    1:.    c. 
(jray    and    A.    L     Wliisett. 

Paris,  Tex.  — Paris  &  .Ml.  Pl.-asani  R.  R 
has  bei-n  organized  to  build  a  railroad  be- 
tween Paris  and  Ml.  Pleasant.  The  com- 
|»any  Is  to  have  a  capital  stock  of  $75,000, 
praciinilly  all  of  which  has  already  been 
subscribi'd.  R  J.  Scott.  I'arls.  Tex.,  la 
President. 

Madlaon,  Wli.— The  Stale  Railroad  Com- 
mission has  authorized  the  Minneapolis,  St. 
Paul  &  Siiull  Sle.  Marie  R.  R  to  increase 
Its  capital  stiK'k  from  $21,000,000  to  $42,000,- 
000.  Thomas  Ureen,  317  2d  Ave.,  South 
-Mlnneapoli.s.    .Minn.,    is   Clil.f    Knglneer. 

Electric  Railways. 

Items  .Arranged  Alphabetically  by  States. 

CItronelle,  Ala.— The  construction  of  an 
electric  railway  between  this  place  and  Mo- 
bile Is  unil.-r  construction.  George  N.  Bress- 
ler.     .Mobile.    Ala.,    Is    Interested. 

Florence,  Ala — The  Sheffield  Co.,  J.  B. 
McClary,  General  Manager.  Sheffield,  Ala. 
Is  considering  extending  its  electric  line  to 
the  Florence  L'niverslty,  8  miles  north  of 
the    city. 

Yellville,  Ark.— The  local  Commercial  Club 
Is  securing  the  right-of-way  for  an  elec- 
tric line  from  Rush  Mining  Camp  to  this 
place. 

Helena,  Ark — The  Helena  Street  &  Inter- 
urban  Co.  lias  had  surveys  made  and  will 
let  contracts  shortly  for  the  construction  of 
Its  proposed  10-ralle  line  In  Helena  and  ad- 
jacent territory.  J.  W.  Burk.  Jr.,  Helena, 
Ark.,    is   President. 

Pasadena,  Gal.— The  Pasadena  Rapid 
Transit  Co..  mentioned  In  oiir  last  issue, 
has  taken  over  the  old  Cycleway  Co.  and 
in  that  way  secured  right-of-way  between 
Pasadena  and  Los  Angeles.  It  is  expected 
that  actual  construction  work  will  be  start- 
ed In  the  spring.  The  road  will  be  over  a 
private  right-of-way  and  will  be  double- 
track  and  standard-gage.  Horace  H.  Dob- 
bins. Los  Angeles.  Cal..  is  President.  Don 
Porter,   Pasadena  Cal..   Is  also  interested. 

Grand  Junction,  Colo.— City  council  has 
passed  ordinance  granting  the  Grand  Junc- 
tion lilectric  Ry.  Co.  the  right  to  extend 
its  line  up  4ili  St.,  along  Gunnison  and  down 
10th    St. 

Wallace,  Idaho.— Project  for  an  electric 
railway  between  Wallace  and  Coeur  d'Alen.- 
lias  been  revived.  W.  J.  Hall,  Chief  Ac- 
countant of  the  Federal  Mining  &  Smelting 
Co.,  who  has  the  franchise,  has  asked  for 
re-enactment  of  the  city  ordinance  giving 
the  company  right  to  enter  Wallace.  About 
$20,000  has  been  spent  in  securing  right-of- 
way  and   making  surveys. 

Rock  Island,  III. — The  Galesburg  &  Rock 
Island  Traction  Co.  has  been  incorporated 
and  proposes  to  build  an  electric  line  from 
Galesburg  to  Rock  Island  via  Alexis.  The 
principal  office  will  be  located  In  Rock 
Island.  The  Incorporators  Include  Frank  H. 
Clark.  Springfield.  Ohio,  and  R  V.  Field, 
Galesburg,    111. 

Morris,  III — The  Chicago.  Ottawa  &  Peoria 
Ry.,  the  .McKinley  interurban  line,  has  ac- 
cepted the  one-year  extension  to  Its  fran- 
chise granted  by  this  city  for  building  a 
line  between  Morris  and  Seneca.  This  work 
will  be  started  as  soon  as  the  weather  con- 
ditions permit,  it  Is  said.  W.  B.  McKin- 
ley.  Champaign.  111.,    Is  Interested. 

Galesburg.  III. — The  People's  Traction  Co., 
of  which  tlie  Knox  Engineering  Co.,  Chi- 
cago. III..  Is  Kngineers.  has  decided  to  build 
an  electric  interurban  between  Galesburg 
and  Galva.  Right-of-way  Is  to  be  secured 
and  surveys  started  soon.  The  line  will 
be  an  extension  from  Abingdon,  the  present 
t.rmlnus.   and   will   be   24   miles  long. 

Aurora,  III.— A  syndicate  of  Aurora.  Do 
Kalh  and  Elburn  men  are  raising  money  to 
lake  over  the  Aurora  &  De  Kalb  line,  with 
the  object  of  operating  it  as  an  electric 
railway.  F.  C.  Ecknum.  Aurora,  III.,  la 
Gineral  .Manager  of  the  .Vurora  &  De  Kalb 
line.       The    line    is   35   miles    long. 

Waukegan,    Ml.— The    W:r'    "      '  '  ird 

*  i:igln  Tnictlon  Co.  has  .1 
with     principal    office    al     \'  a 

capital    stoi'k    of    $1.500.0il<>  1  n miuiny 

proposes  to  construct  an  electric  railway 
from  Waukegan  to  WiHnlstock,  Marengo, 
Rockford,  Belvldere.  Elgin,  Antloch.  Mil- 
burn.  The  Inconiorators  are  Robert  D. 
Wynn.  Claire  C.  Edwards.  John  D.  Pope, 
Fred  Bairstow  and  Dr.  John  Foley,  all  of 
Waukegan. 

New  Albany. — The  New  Alltany  A  Paoll 
I'lank  Riiail  Co.  Is  seeking  to  have  Its  char- 
ter amemb'd   so  that    It   can   have  a    right   to 

•  ■onstru«-t    an    electric    r*iad    on    Us    rlght-of- 
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of  Its  pi  ... 

to  uw  u  p«jrtluii  of  ill.    roiid»tt>    for  kii  slec- 

tric  ilne  right-of-way. 

Bluffton      1"^        11..,, .,    .         .      ,  .    .J, 

four    to\^ 
ties    to 

for  the  i.,..,-...-. .,  ,,,,,1. 
Inlerurlian  line  Kri 
grunted  the  comimny  li. 
em  terminal,  and  at 
point.  Th.-  surv.v  lui 
the  right-of-way  has  b. 
fourths  the  disiance  .1 
NeueiiHcliwandiT     are 

Kalamazoo,     Mich.-  'I 
Eleetri.'    Ry.    C.  .    IjinBli.j; 
••ring  building  a  bran^  li  iin,-  : 
to    S<iUlh     Bend    to    Uip    an 
at  tliat   iMiInt   for  Chi.ag.j   c 

Saginaw.  Mich.— Rigl,i-.,f- .■  .   .,:i 

secured  for  the  pro|>oH,-d  S.iKiiia\v  •  >  .v  i?,*,.. 
&  I.<tn8ing  Electric  Ry.  and  J  A.  '1  ■  .  k 
promoter  of  the  road.  Is  quoted  as  i.t.i!i:,K- 
tliat  construction  work  will  bv  started  In 
the    spring. 

Kansas  City,  Mo.— The  Kansas  CHy  A 
Soir  Traction     Co.     has  ! 

finii  to    Lee's    Summit   a: 

cui.   :  :    the    rlght-of-wa\  ■, 

for   the    tiatk   and   rtiadbed    ■  ..    ^ri* 

to  be  awarded  at  one*-.  It 
road  will  be  operated  by  m... 
rail  system.  The  work  of  . 
be  done  under  direction  ..f  i 
terurban  Co..  an  auxlllarv  o( 
pany.       Charles  A.    S.    Sims   Is  iiiK-iei>ted 

St.  Joseph,  Mo — Advices  from  this  place 
state  tliat  work  on  the  Interurban  line  be- 
tween St.  Joseph  and  Kan.-yis  Cllv  will  be 
commenced  in  the  spring.  Senator  E.  D. 
Martin.  Marshall,  Mo..  Vlce-Prc^sldent  of  the 
company,  has  been  In  the  East  onferrliiK 
with    contractors. 

Brooklyn,    N.    Y.-  h    Flatbush    R 

R    Co.    lias    been    ■  ■  'y   a    syndicate 

of    Brooklyn    and     1  la     real    estate 

men,  headed  by  Jot.i,  C.  Langan.  to  con- 
struct a  surface  trollev  road  al>out  three 
miles  long  to  connect  Brighton  Beach  and 
Flatbush  Ave.  lines  of  the  Brooklyn  Rapid 
Transit    Co.'s    system. 

Houston,  Tex.— The  Houston  Electric  Co. 
has  been  having  surveys  made  for  exten- 
sion of  Its  line  In  Houston  Heights  for  a 
distance  of  alxiut  one  mile. 

Cleburne.  Tex.— B.  G.  Leak  of  Fort  Worth, 
Tex.,  has  been  tnaking  survevs  for  tlie 
proposed    Fort    Worth-Cleburne    lln.-. 

Walla  Walla,  Wash.— Contracts  will  be  let 
about  Mar.  1  for  the  construction  of  Um 
proposed  70-mile  line  by  the  WalLi  Walla 
&  Columbia  Traction  Co.  The  pminised 
road  is  to  run  from  Dayton  to  Huntsville. 
Wartsbury  and  Walla  Walla.  N.  G.  Bla- 
lock.    Walla   Walla.    Wash..    Is   President. 

Wauwatosa,  Wis.— The  Wiscon.iin  Trac- 
tion. Light.  Iliat  &  Power  C,  .  John  L 
Beggs.  I're.sldenl.  Milwaukee.  Wis.,  will  start 
work  soon  on  the  extension  of  its  line  from 
Wauwatosa  to  Oconomowoc  l>y  wav  of  Elm 
Grove.  Brookfield.  Duplalnvllle.  Pewauke«, 
Harlland,  Nashotah.  Nagowlcka  and  Glf- 
ords. 

Sewers. 

Items  Arranged  Alphabetically  by  Stales. 

Little  Rock,  Ark. — Storm  sewer  to  coat 
$10,000  Is  to  be  constructed  for  thia  city. 
E.    A.    KIngsley    Is  City    Engineer. 

BItbee,  Ariz.  There  is  to  be  an  extension 
of  a   s.wir  ailing  Maxfield  Ave. 

Los  Angeles,  Cal— Board  of  Public  Works 
is  consMering  Insuilling  sewer  in  Common- 
wenllh   .\ve. 

Modesto,  Cal.— City  Trustees  have  Issued  a 
call  for  a  $100,000  »v-ir.l  ls«ii,-  for  public  Im- 
provenienls,    to    IncI  .  street    work, 

cliy  hall  and  a  fire  -   building 

Corona.  Cal.     City  :     .,  jiians  prepared 

for    storm    and    sanltnr>     iK-uers.       H.    Clay 
Kellog.   Santa   Ana.   Cal.,    is  Knglneer. 

Mendota,  III.- City  Is  conaidering  Inatalilns 
s.'wers  for  Sewer  District  No.  i  In  North 
.Mendota. 

Springfield,   Ml 
plans     f'T    coti 
SIxlh   Ward   to 

Grundy  Center.  la — City  Council  has 
Itass-'d  ordinances  for  the  construction  of 
sew.rs  and  contracts  will  l>e  let  soon.  Ths 
Iowa  Engineering  Co.,  Clinton.  la..  Is  tiia 
Engineer. 

Lebanon,  Ind.— City  Council  hnn  ordered 
City  Englneir  to  preixirc  plans  f.>r  a  ji.initary 
s-'wer  In  the  nnuthern  porllon  of  the  rity. 
The  sewer  will  cost  alMiut  $75,000. 

Baltimore,  Md  Hoard  of  Public  Improve- 
iii»-iil!«   lui.*    |uf«}o-<l  onllnance  providing  for  A 
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sewer  in  Eastern  Ave.  from  the  eastern 
citv  limits  to  Harford  run  sewer  in  Lake- 
wood  Ave.  B.  T.  Kendall  is  City  Engineer. 
Baltimore,  Md.— C.  W.  Hendrick,  Chief  En- 
gineer Sewerage  Commission,  has  prepared 
specifications  for  the  construction  of  the  se- 
ries of  lateral  sewers  to  be  built  in  con- 
nection with  the  sewer  system.  These  later- 
als  will  cost  about  $100,000. 

Winchendon,  Mass.— Special  town  commit- 
tee mav  be  called  soon  to  consider  installing 
a  new  sewer  system.  Plans  have  been  pre- 
pared showing  that  sewers  will  cost  about 
$75,000.       Charles   L.    Day   is   Selectman. 

Attleboro,  Mass. — Town  meeting  was  held 
Jan  16  tr,  take  action  on  authorizing  the 
town  to  incur  an  indebtedness  of  $300,000 
for    installing   a    sewer    system. 

Ypsilanti,  Mich.— City  Council  has  voted  to 
construct    sewer    in    Bell    St. 

Wyandotte,  Mich.— The  Board  of  Public 
Works  has  directed  Mason  L.  Brown.  Con- 
sulting Engineer  of  Detroit,  Mich.,  to  pre- 
pare plans  and  specifications  for  sewersin 
the  recentlv  acquired  territory  of  West  Wy- 
andotte and  South  Detroit.  The  estimated 
cost  of  the  sewers  is  $60,000. 

St.  Paul,  Minn.— Sewers  to  cost  about  $140.- 
000  are  to  be  constructed  for  this  city.  The 
Hamline-Jefferson  system  up  to  Summitt 
Ave.  is  the  largest  item.  This  sewer  will 
cost  $50,000.  L.  W.  Rundlett  is  City  Engi- 
neer. 

Utica,  N.  Y.— City  Engineer  is  preparing 
plans  for  a  .i.OOO-ft.  storm  water  sewer  to  be 
constructed  in  Auburn   Ave. 

Buffalo.  N.  Y. — F.  W.  Ward.  Commissioner 
of  Public  Works,  is  to  ask  the  Common 
Council  for  an  appropriation  of  $150,000  to 
lower    the    Bird    Ave.    sew-er. 

Carrington,  N.  Dak.— City  is  considering 
installing    sewer    system. 

Upper  Sandusky,  O.— City  Council  is  con- 
sidering extending  the  N.  Tth  St.  sewer  to 
the    outlet- 

Sandusky,  O.— Council  has  passed  ordi- 
nance to  construct  sewers  in  Cable  Park. 

Akron,  O.— Board  of  Public  Service  will  re- 
quest Council  to  pass  ordinance  providing 
ifor  the  cleaning  of  catch  basins  by  contract. 
Lockland  (P.  O.  Cincinnati),  O.— Village 
will  soon  call  tor  bids  for  constructing  a 
sewage  disposal   plant  to  cost  $10,000. 

Pittsburg,  Pa. — Department  of  Public 
Works  A.  E.  Sheppard,  Director,  is  prepar- 
ing plans  and  estimates  for  the  construction 
of  a  main  sewer  to  follow  the  course  of  Saw 
Mill   run    in   the   west   end. 

Harrisburg,  Pa.— Citv  oftioials  are  taking 
the  first  steps  toward  preparing  for  sewage 
disposal.  The  cost  of  the  scheme  is  estimat- 
ed at  from  $1,500,000  to  $200,000,000.  M.  B. 
Cowden,  City  Engineer,  is  in   charge. 

Wolsey,  S.  Dak.— City  Cotmcil  is  to  be 
asked  to  call  special  election  to  vote  on  is- 
suing $6,000  of  bonds  for  the  construction 
of  a  sewer  system  and  the  improvement  of 
the   water  works. 

Ipswich,  S.  Dak.— City  will  probably  let 
contracts  earlv  in  the  spring  for  the  con- 
struction of  a  sewer  system  and  sewage  puri- 
fication plant.  The  Dakota  Engineering 
Co.,    Mitchell,    S.    Dak.,    is    Engineer. 

Chttanooga,  Tenn.— County  Court  is  to  con- 
struct a  $3,000  sewer  from  the  County  Work 
House   and  Poor  Asylum   to  Wolf   River. 

Dallas,  Tex. — Park  Board  is  considering 
constructing  adequate  sewer  service  for  the 
Fair    Park. 

Provo,  Utah.— Part  of  the  city  sewer  sys- 
tem  is   to   be   rebuilt. 

Norfolk,  Va. — Resolution  has  been  before 
the  Council  to  appropriate  $16,000  for  the 
purpose  of  installing  an  additional  pump 
at  the  CoUev  Ave.  sewer  pumping  station 
and    building    a    house    over    the    same. 

Oshkosh,  Wis. — Council  has  passed  ordi- 
nance for  issuing  $26,500  of  bonds  for  sew- 
er   construction. 

Lacrosse,  Wis. — Resolution  has  been  be- 
fore the  Council  for  bonding  for  $85,000 
for  constructing  a  trunk  sewer  along  Mis- 
sissippi   St.    and    a    sewer    in    Mill    St. 

St.  Thomas,  Ont. — City  has  voted  to  is- 
sue $40,000  of  bonds  for  installing  septic 
tanks  for  citv  sewer  system.  W.  B.  Do- 
hertv    is    City    Engineer. 
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DITCH  WORK. 

Fowler,  Ind. 
Open  bids  will  be  received  for  the  con- 
struction of  the  W.  B.  Curtis  joint  ditch, 
situated  in  Round  Grove  Township,  White 
County,  and  Pine  Township,  Benton 
County,  Indiana,  at  1  p.  m.  on  Thursday, 
Feb.  IS,  1909.  at  the  office  of  County  Sur- 
veyor of  Benton  County,  Fowler,  Indiana. 
Said  ditch  is  eight  (S)  miles  north  of 
Otterbein,  Indiana,  and  consists  of  7.100 
feet  of  tile  and  31,300  feet  of  dredge 
work. 

The  tile  to  be  of  the  following  sizes: 
From  "O"  to  Station  11,  12-inch  tile;  from 
Station  11  to  Station  31.  14-inch  tile; 
from  Station  31  to  Station  51,  16-inch 
tile;  from  Station  51  to  Station  71,  18-inch 
tile. 

The  dredge  contains  255,292  yards;  the 
width  of  bottom  is  10  feet;  the  maximum 
cut  is  20.74  feet;  S-foot  berm;  average 
depth  of  tile  is  5.75  feet;  average  depth 
of  dredge   12.69   feet. 

The  above  will  be  let  in  two  contracts, 
one  for  tile  and  one  for  dredge. 

A  certified  check  for  $1,000.00  must  be 
filed  by  prospective  bidders  as  evidence 
of  good  faith. 

The  superintendent  reserves  the  right 
to  reject  any  or  all  bids. 

CHESTER  B.  WHICKER, 

Supt.    Construction. 

WATER-WORKS. 

Sebree,  Kentucky. 
Sealed  proposals  will  be  received  by  G. 
W.  Cavanah,  Town  Clerk,  until  12  o'clock, 
noon,  Feb.  15th,  for  constructing  a  com- 
plete system  of  water  works.  The  work 
,  will  comprise,  in  the  main,  one  60,000-gal- 
lon  steel  tank,  small  frame  building,  said 
building  to  contain  boiler,  two  pumps, 
etc.,  distribution  pipe  line  system.  Cer- 
tified check  of  5  per  cent  of  amount  of 
each  bid  on  any  part  of  the  work,  and 
in  no  case  less  than  Fifty  Dollars  ($50.00) 
enclosed,  all  checks  payable  to  C.  H. 
Ramsey,  Mayor.  Plans,  etc.,  at  office  of 
Town    Clerk. 

G.  W.   CAVANAH,  Clerk. 
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General  Contractors 
CHICAGO  NEW  YORK 


THE  JOHNSON 

Well  Screen 

All  sizes.    Brass.    Large  Capacity. 

Non-choking      Used  everywhere 

Write  tor  Booklet  "EC." 

E.  E.  JOHNSON,         St.  Paul,  Minn. 


Standard  Plans  for  Highway  Bridges 
of  Reinforced  Concrete 

These  plans  eive  complete  details,  bills  or  material,  etc. 
a  id  are  Iree  (rom  patented  (eatures.  I  also  prepare 
special  plans  tor  lindwes  or  other  structures  at  reason- 
able rates  and  invite  correspondence  with  Contractors 
renmring  such  plan^  for  competitive  bidding,  etc 
WILBUR     J.     WATSON,    Member    Am.    Soc.    C.    E. 

Expert  Designer  and  Inspector  of  Bridces 
Citizens  BuHdinc  Cleveland  Otiio 


mmm^m. 


YOUNG  eSOE^S 


aU  ENGINEERING  MININe  MD 
■™  SURVEYLNG  INSTRl 


PHILADELPHIA 


Nature  Adorned 

Laying  out  of  Parks,  Beautifying  Municipalities 
and  Country  Seats.  Tree  Planting  Tree  Diseases 
Treated.  Write  For  Particulars. 

F.    R.    MEIER,    Consulting    Forester 

1  Broadway.  NEW  YORK 
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BEST  EXTENSIBLE  TRENCHING  BRACE  MADE 

F'ORY.  a  MACHINC   C« 
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FOR    SALE 
Cyclopedia    of    Architecture, 
Carpentry   and   Building 

A.  S.  C.    10  handsome  vols.     Good  as  new.  used 

but  little.      Will  sell  for  $12.00. 

"ANGLE."  3G8  E.ast  54th  Street.  CHICAGO 


Can  You  Control  $10,000 
or  Promote  a  Company? 

The  advertiser  has  a  proposition  in  contract- 
ing machinery  that  is  a  labor-saver  and  there 
is  absolutely  no  competition. 

The  machine  will  transfer  earth  as  gathered 
by  wheel  or  buck  scrapers  onto  wagons  at  a 
cost  of  two-thirds  of  a  cent  a  cu.  yd.  and  will 
eliminate  long  scraper  hauls  and  hand 
shoveling. 
Address  333S  17th  N.  W.,  Washington,  D.  C. 
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DREDGE  WORK. 

Logan,  Iowa. 
IlldB  »-lll  be  received  by  the  Auditor  of 
liarrlaon  County  at  Logan,  Iowa,  up  to 
10  a.  m.  February  lOth.  for  the  dredce 
work  on  the  Boyer  River  Improvement 
Ultch,  In  said  county.  The  ditch  Is  6.38 
milea  long  and  the  excavation  amounts  to 
311,000  cubic  yards  Construction  work 
to  commence  on  or  before  April  13.  1909. 
and  be  completed  by  January  i,  1910 
K^r  copies  of  specincatlons,  contract  and 
jiliiT  Information  apply  to 

G.   W.    ATKINS,    Auditor 

Logun,    Iowa. 

Or  to  SETH  DEAN.  Cons.    Knglncer. 

Missouri   Valley.    Iowa. 


PROPOSALS      FOR      A      SEWER 

SYSTEM  AND  PUMPING 

PLANT. 

t^iist   St.    L..U1.S,    111.,   Jan.    H.    1909. 

Proposals  will  be  received  by  the  Boiircl 
df  Local  Improvements  of  the  City  of 
East  St.  LouLi.  111.,  until  12  o'clock  noon. 
February  IT.  1909,  for  the  construction  of 
II  system  of  concrete  and  pipe  sewers  and 
a  sewage  pumping  station  as  follows: 

One  pumping  station  building  and  ap- 
purtenances. 

Five  drainage  and  two  sewage  pumping 
engines  to  be  vertical,  single-acting  gas 
engines,  direct  connected  to  horizontal 
shaft  centrifugal  pumps. 

33.500  linear  feet  of  sewers,  varying  In 
diameter  from  3  to  lO^A  feet. 

The  work  will  be  paid  for  in  cash  or 
bonds.  Specifications,  plans,  form  of  pro- 
posal and  other  information  may  be  ob- 
tained from  the  engineer  of  .said  city  upon 
■A    dt-posit   <»f  $,"». 

W      I     '•RorKKN     Cifv    R-cln.-.r 


WATER-WORKS. 

WL.lilta,    Kan. 

Sealed  pruposalH  will  be  received  Hi   the 

■  •tllie  iif  the  City   Clerk   until  7:3 

I>.  m.,  .March  I'l.  1909.  for  the  con  ■ 
lion  of  H  water-works  system  for  Iln-  ■  ii\ 
of  WIcliilii,  Kan.  All  work  and  iiuiti-riai 
to  bi'  done  and  supplied  according  to 
plans  and  specltlcationH  on  Die  In  the  of- 
lU-e  of  the  City  Clerk.  All  work  to  be 
done  under  the  direction  and  supervision 
of  a  spiM'ial  engineer  to  be  employinl  by 
the  city.  The  work  will  be  paid  for  in 
cash  or  four  and  one-half  per  cent,  twen- 
ty-year bonds,  at  tin-  option  of  iIh-  liiy. 
Pliins  an<l  Hpecitli-n lions  were  prepared  by 
Engineer  Hiram  Phillips  of  .Si.  I..ouls. 
lopy  of  which  may  be  obtained  by  ap- 
plying to  the  City  Clerk  upon  deposit  of 
twenty-Dve   (t23.00)   dollars. 

The  estimated  cost  of  the  above  im- 
provement is  approximately  1860.000.  All 
bidders  will  be  required  to  enclose  certl- 
lied  check  in  the  sum  of  JIO.OOO.  as  a 
guarantee  of  good  faith.  The  .Mayor  and 
Council  reserve  the  right  to  reject  any 
and  all   bids. 

R    X    I>Ortrt.  ciiv  Cl.rk 


FORT  .MYER.  VA..  January  11.  1909. 
Sealed  proposals  In  triplicate  will  be  re- 
ceived at  the  otf\iv  of  the  Constructing 
Quartermaster,  until  11  o'clock  a.  m.. 
February  9.  1909,  and  then  opened  for  the 
construction  of  a  Band  Stable  at  Fort 
.Myer,  Va.  Certified  check  or  Surety 
Company's  guarantee  for  10  per  cent  of 
the  amount  must  accompany  each  bid. 
Plans  and  specilic'ations  will  be  furnished 
upon  applic.'ition  accompanied  by  a  dc- 
I)osit  of  $r>.00  to  insure  safe  return.  The 
government  reserves  the  right  to  reject 
any  or  all  bids.  Proposals  should  be  in- 
dorsed "Proposals  for  Band  Stables,"  and 
addressed  In  C..\PT..MN  B.  B.  HYER. 
I •.iT^'^TrMctinir  *  •'iarteri!iast<-r. 


WATER    MAINS,    STEEL    TANK, 
PUMPING  STATION,  ETC. 

.\lir...t.    No     Dak. 
I  r  of  the  City  of  MInol. 

ive  bills  on  the  tth  day 
or    l-.-nru.ir  \    t'-r  II  ■  n- 

crele    and    brick    ;  n- 

plete    with    pumpn     :..  .■:-  —el 

water  lower  and   tank,   and  -n 

<ll)    miles  of  mains  from  6   t 

E.    S.    SEVERA.NCE.   City    Engineer. 

STREET  PAVING. 

Mljinpla.  Wash. 
Bids  will  be  received  by  the  City  of 
Olympia,  Wash.,  until  3  p.  m.,  Feb.  I. 
1909.  for  constniciing  about  17.000  square 
yards  of  vitrified  brick  or  creosoied  wood 
bioi'k  pavement.  ll.jOO  square  yards  of 
concrete  sidewalks.  13,000  lineal  f'Ct  of 
concrete  curb.  Work  to  begin  May  1. 
1909. 

J     P.     I 'EVER     CItv  1-1.  rl; 

CONCRETE  RESERVOIR. 

N'.  u  rirn,  .Mltin. 
Bids  will  lj.-  r...u..l  l.y  the  City  Clerk. 
New  I'im.  Minn.,  up  to  .".  p.  m.,  Feb.  15. 
for  constructing  a  covered  reinforced  con- 
crete reservoir  of  l,OO0,0'io  gallons  ca[>ac- 
ilv  for  the  City  of  New  l"lm.   Minn. 

1:RNST     WIIIIKUSKI,     City    Clerk. 


KEY  WEST,  FLORIDA.  Sealed  pro- 
posals in  duplicate  will  l>e  received  by 
the  undersigned  until  11  a  m..  February 
5,  1909.  and  then  publicly  opened  for 
furnishing  a  condenser,    tilter    fee<I   water 

heater,  etc.;  also  for  remode!" ••  -^'ng 

and    distilling    plant    at    Key  .r- 

racks,    Fla.      Plans   and   sp"  ■  n 

request.  Proposals  should  !■•  •■.i.n  m-d 
"Proposals  for  pumping  plant"  and 
addressed  to  CAPTAIN  C.  H.  LANZA. 
Quartermaster     K'-:-'    Wt^t.    Florldn 


Have  You  Contract  Work  to  be  Done  This  Year? 

Engineering-Contracting  offers  you  the  means  of  getting  the  news  of 
this  work  widely  and  quickly  to  contractors  who  will  bid  on  doing  it.  It  dis- 
tributes the  news  widely  because  its  circulation  is  large  and  because  its 
readers  are  specifically  men  who  do  work — contractors,  constructing  engi- 
neers, manufacturers  of  construction  materials  and  supplies.  It  distributes 
this  news  quickly  because  it  is  printed  in  Chicago,  and  reaches  subscribers 
west  of  Pittsburg  24  to  48  hours  sooner  than  can  any  New  York  paper. 
Its    circulation    among    middle    western    contractors    is  particularly  large. 

Wide  and  quick  publiration  of  work  to  be  contracted  means  wide  competition  and  prompt  and 
careful  bid'Jinjj  and  these  mean  to  tlic  owner  reliable  work  at  the  lowest  cost.  .\  trial  proposal  advertise- 
ment in  ENGIXEERIXG-COXTRACTING  has  con\'inced  officials  of  other  cities  of  the  truth  •£  these 
assertions.     A  trial  advertisement  will  convince  you.     It  will  cost  only  $2.40  an  inch. 

This  is  a  small  sum  to  risk  on  .t  chance  merely  of  sccurinjj  wiile  coinjx'tilion.  but  wc  would  not  ask  you  to  rUk 
even  so  small  a  sum  were  wc  not  convinced  from  results  given  to  others  that  the  chance  is  no  chance,  but  a  certainty. 
Will  you  not  demonstrate  the  fact  to  yourself  by  a  trial  "Proposal"  in  our  columns? 

ENQINEERINQ-CONTRACTINQ,    355    Dciirborn    Street.    CHICAGO 
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COURT  HOUSE. 

Omaha,   Neb. 

Notice  is  hereby  given  that  the  Board 
of  County  Commissioners  for  the  County 
of  Douglas  and  State  of  Nebraska  will 
receive  bids  for  the  construction  of  a 
Court  House  for  Douglas  County,  accord- 
ing to  the  plans  and  specifications  on  file 
in  the  office  of  the  County  Clerk  of  said 
county.  Bids  will  be  addressed  to  D.  M. 
Haverly.  County  Clerk,  enclosed  and 
sealed  in  properly  endorsed  envelopes, 
and  filed  with  him  not  later  than  March  1, 
1909,  at  12  o'clock  noon,  at  which  time 
said  bids  will   be  opened. 

Copies  of  the  plans  and  specifications 
can  be  obtained  from  the  undersigned  or 
from  the  Architect,  John  Latenser,  632 
Bee  Building,  Omaha  upon  application. 
A  certified  check  for  $50.00  must  accom- 
pany all  applications  for  plans,  as  a 
guarantee  that  bids  will  be  submitted  on 
the  same,  the  check  to  be  returned  when 
the  bids  are  opened. 

All  bids  must  be  submitted  on  blank 
proposals,  which  will  be  furnished  on 
application  by  the  County  Clerk,  or  John 
Latenser,   Architect. 

Samples  of  stone  and  granite  upon 
which  bids  are  based  must  accompany 
each  bid. 

Each  bidder  must  submit  with  his  pro- 
posal a  certified  check  in  a  sum  equal  to 
3  per  cent  of  such  proposal,  the  same  to 
be  drawn  in  favor  of  the  Board  of  Coun- 
ty Commissioners  of  Douglas  County, 
Nebraska, 

The  Board  of  County  Commissioners 
reserves  the  right  to  reject  any  and  all 
bids.  D.     M.    HAVERLY. 

County   Clerk,   Omaha,    Neb. 


PAVING. 

Indianola.  Iowa. 
Sealed  proposals  will  be  received  by  the 
City  Clerk.  Indianola.  Iowa,  until  7 
o'clock  p.  m.,  on  the  8th  day  of  February. 
1909.  for  construction  in  said  city  of  about 
15,390  square  yards  of  3-inch  creosoted 
wood  block  paving  on  a  5-inch  concrete 
foundation  and  about  7,884  lineal  feet  of 
6  by  20-inch  concrete  curb  and  about  450 
yards  of  extra  grading,  according  to  plans 
and  specifications  now  on  file  in  City 
Clerk's  office.  Each  bid  must  be  accom- 
panied by  certified  check  for  $1,500.  For 
proposal   blanks,   etc.,   address 

ARTHUR  LEE,    City  Clerk. 


PROPOSALS  FOR  CONSTRUCTION  OF 
barracks  and  quarters,  and  plumbing  and 
heating  and  electric  wiring  same.  War 
Department,  office  of  the  Constructing 
Quartermaster,  New  London.  Conn.,  No- 
vember 2S,  1908.  Sealed  proposals 
for  constructing  one  double  barrack, 
one  single  barrack,  two  field  offi- 
cers' quarters,  one  four-set  officers' 
quarters,  two  lieutenants'  quarters, 
three  double  non-commissioned  officers' 
quarters,  and  one  double  firemen's  quar- 
ters, at  Fort  Terry  (Plum  Island).  New 
York,  and  two  double  barracks,  two  field 
officers'  quarters,  four  lieutenants'  quar- 
ters, two  double  non-commissioned  offi- 
cers' quarters,  and  two  double  firemen's 
quarters,  at  Fort  H.  G.  Wright  (Fisher's 
Island),  New  York,  and  for  plumbing. 
electric  wiring  and  installing  heating 
plants  in  same  will  be  received  here  un- 
til 10  a.  m..  Feb.  10,  1909,  and  then 
opened.  Proposals  are  desired  for  brick 
construction  of  all  buildings  and  for  re- 
inforced concrete  construction  on  bidders' 
plans  of  barracks  and  non-commissioned 
officers'  and  firemen's  quarters.  Infor- 
mation furnished  on  application.  En- 
velopes containing  proposals  should  be 
endorsed:  "Proposals  for  Public  Build- 
ings." and  addressed:  "R.  M.  Schofleld, 
Major.  Q.  M..  Constructing  Quartermas- 
ter,  New   London,  Conn." 


GAS      PRODUCER      AND      GAS 
ENGINE   ELECTRIC   LIGHT- 
ING   PLANT. 

Milwaukee,   Wis.,    Jan.    6,    1909. 

Sealed  proposals  will  be  received  at  this 
office  until  Wednesday,  Feb.  17,  1909,  at 
10:30  o'clock  a.  m.,  for  furnishing  and 
erecting  complete  in  running  order  ready 
for  use,  in  buildings  and  on  foundations 
to  be  furnished  by  the  city  of  Milwaukee, 
all  the  machinery  and  appurtenances 
thereto,  necessary  to  make  a  complete  in- 
stallation of  a  gas  producer  and  a  gas 
engine  electric  lighting  plant,  said  plant 
to  be  located  on  blocks  70  and  95,  on  the 
corner  of  Walker  and  Davidson  streets, 
in  the  Fifth  ward  of  the  city  of  Milwau- 
kee, according  to  plans  and  specifications 
(dated  Dec.  24,  1908)   on  file  in  this  office. 

Work  to  be  completed  within  ten 
months  from  the  date  of  the  award  of 
the  contract,  failing  in  which  the  con- 
tractor shall  pay  to  the  city  of  Milwau- 
kee as  liquidated  damages  the  sum  o( 
$750  per  day  for  each  and  every  day's 
delay  in  completing  the  work. 

Bonds  to  accompany  bids  required  in 
the  penal  sum  of  $45,000,  or  in  lieu  there- 
of the  bidder  may  deposit  with  the  board 
of  public  works  the  sum  of  $22,500  In 
money  or  certified  bank  check. 

In  case  bonds  are  submitted  with  bids, 
local  bondsmen  or  a  surety  company  au- 
thorized to  do  business  in  the  state  of 
Wisconsin  will  be  required. 

All  moneys  deposited  will  be  returned 
to  unsuccessful  bidders  on  award  of  con- 
tract and  to  successful  bidder  when  con- 
tract is  entered  into. 

Plans  and  specifications  will  be  fur- 
nished to  prospective  bidders  on  the  re- 
ceipt of  $25  as  a  guarantee  for  their  safe 
return. 

CHARLES   J.    POETSCH, 
J.   P.   SHERER, 
L.   A.  JANSEN, 
A.    J.    GRUNDMAN, 
Commissioners  of  Public  Works. 

AUGUST  M.  GAWm,  Comptroller. 


PAVING. 

^loorehead,  Minn. 

Sealed  proposals  will  be  received  until 
8  p.  m.,  Feb.  1,  1909,  at  the  office  of  the 
City  Clerk,  for  the  construction  of  pave- 
ment according  to  plans  and  specifications 
therefor.  Plans  and  specifications  are  on 
file  and  may  be  seen  at  the  office  of  the 
City   Clerk,    Moorhead.   Minn. 

Bids  will  be  submitted  to  the  City 
Council  and  opened  at  a  council  meeting 
to  be  held  at  the  City  Hall  at  8  p.  m., 
Feb.  1,  1909. 

Proposals  will  be  received  made  out  on 
blank  forms  furnislied  by  the  city  through 
its  Engineer,  Mr.   A.  M.   Hopeman. 

Each  bid  must  be  accompanied  by  a 
properly  certified  check  upon  any  reput- 
able bank  in  the  state  of  Minnesota,  in 
the  sum  of  at  least  10  per  cent  of  the 
amount  bid.  and  made  payable  uncondi- 
tionally to  the  order  of  Mr.  O.  C.  Beck, 
City  Treasurer,  as  a  guarantee  that  the 
successful  bidder  will  enter  into  a  con- 
tract with  the  City  of  Moorhead  in  ac- 
cordance with  the  plans  and  specifications 
and  price  bid,  and  furnish  a  satisfactory 
bond  in  a  sum  equal  to  50  per  cent  of  the 
total  amount  of  the  bid,  for  the  faithful 
performance    of   the   contract. 

The  right  is  hereby  reserved  by  the 
City  of  Moorhead  to  reject  any  or  all  bids 
or  any  part  of  any  bid. 

By  order  of  the  City  Council. 

H.    E.    ROBERTS.    City    Clerk. 


WATER-WORKS. 

Hugo,    Oklahoma,   Jan.   Sth,    1909. 

Notice  is  hereby  given  that  the  City 
Council  of  Hugo.  Oklahoma,  will,  until 
8  p.  m.,  February  2d,  1909,  receive  bids 
at  the  City  Clerk's  office,  to  furnish  ma- 
terials, tools  and  labor  for  the  construc- 
tion of  a  water-works  plant  for  Hugo. 
Oklahoma,  according  to  plans  and  speci- 
fications on  file  with  the  City  Clerk,  and 
also  in  the  office  of  Hiram  Phillips,  St. 
Louis,    Missouri. 

The  magnitude  of  the  work  to  be  done 
is   about   as  follows: 

One  brick  Power  House. 

One  3-million  gallon  concrete  reservoir. 

Two   150  H.    P.    tubular  boilers. 

Two    2-million   gallons    pumps,    each. 

Two  800  cu.  ft.  Air  Compressors  each. 

4.185  ft.   14"  cast  iron  pipe. 

1,790  ft.   12"  cast  iron  pipe. 

1,610   ft.    10"   cast    iron   pipe. 

5,510  ft.   8"  cast  iron  pipe. 

55.485  ft.   6"  cast  iron  pipe. 

14.365   ft.   4"  cast   iron  pipe. 

135  Fire  Hydrants. 

Two  14"  valves. 

One  12"  valve. 

One  10"  valve. 

Seven  8"   valves. 

Forty-five  6"  valves. 

Twenty-two  4"  valves. 

700   Water   Meters. 

Material    for    700    House    Connections. 

Bids  must  be  made  upon  blanks  fur- 
nished by  City  Clerk,  which  will  be  fur- 
nished  upon   application. 

A  set  of  blue  prints  and  specifications 
will  be  furnished  by  the  Council  upon  re- 
ceipt of  $3.00.  which  will  be  refunded 
upon  receipt  of  bid  and  return  of  plans 
and   specifications. 

The  Council  reserves  the  right  to  re- 
ject any  or  all  bids. 

A  deposit  of  5%  of  amount  of  bid 
must  accompany  bid. 

W.    L.    GIBBS. 
Attest:  Acting   Mayor. 

W.    T.    ECHOLS.    Clerk. 

WATER  METERS. 

Jamestown,    No.    Dak. 
Bids  wanted  for  the  furnishing  of  met- 
ers  for  the   water   system   of   the   city   of 
Jamestown.  No.  Dak.,  in  lots  of  25  and  50. 
The    city    reserves    the    right    to    reject 
any  and  all  bids.     All  bids  must  be  filed 
in  the  office  of  the  undersigned  not  later 
than   3  o'clock  Monday,  February  1,  1909. 
G.  E.  LYMAN,  City  Auditor. 


FOR  SALE 

No.  1  site  for  making  Port- 
land Cement  anci  generating 
electricity  in  West  Virginia 
on  the  Potomac  river,  2,500 
water  horse  power,  inex- 
haustible supply  of  material 
of  the  finest  quality,  fine 
shipping  facilities,  railroad 
andC.&O.  canal.  Very  little 
cash  required  to  purchase 
this  valuable  property. 

W.  T.   TIPPETT, 

11  E.  Lexington  Street,  BALTIMORE,  MD. 


lamiary  27.   1900. 

DRAINAGE     DITCHES    AND 
LEVEES. 

Aikliitkjn.   III.,  Jan.   9.   1$09. 

Sealetl  propunalii  will  be  received  by  the 
I'oiiimluloners  of  the  Drainage  Union 
District  Number  One  of  the  Towns  of  At- 
kinson and  Alba,  In  Henry  County.  Illi- 
nois, until  Saturday,  the  6th  day  of  Feb- 
ruar>-.  1909.  and  until  2  o'clock  p  m.  of 
^Id  cluv.  at  which  time  the  bids  will  bo 
publicly  opened  at  the  Bass  School  House, 
located  on  the  southeast  (luarter  of  the 
southeast  quarter  of  Section  15.  In  Atkin- 
son Township.  Henry  County,  Illinois,  and 
within  the  boundaries  of  said  district. 
The  work  for  which  the  bids  are  desired 
consists  of  the  construction  of  41,300  feet 
of  open  ditches  with  a  total  estimated  ex- 
cavation of  183.300  cubic  yards  and  3,400 
feet  of  levees  with  an  estimated  fill  of 
2,800  cubic  yards.  This  work  Is  suitable 
for  either  dry  land  or  lloatlng  machines. 
.•Specifications  for  the  work  may  be  had 
upon  application  to  the  Knglneer.  or  they 
may  be  seen  with  the  plat  and  profiles  at 
the  office  of  the  Knglneer  or  Town  Clerk 
.\  copy  of  the  plat  and  profiles  may  be 
procured  from  the  Knglneer  upon  the 
iwyment  of  Jl.OO.  The  place  of  letting  Is 
twci  miles  north  of  .Atkinson,  on  the  C  R 
I  &  P.  R.  R. 
H.    E.   RKKVES,    Engineer. 

Atkinson,  III. 
IlEXRY  STELCK,  Attorney. 

Rock  Island,  III. 
EDWARD    NOWKRS,    Atkinson,    111. 
ANDREW   W.    ALLEN,    R.    F.    D.    No.    6. 

Geneseo.  111. 
JOHN  FRANKENREIDER,  Annawan,  111. 
i^omml.ssloners   In   and   for   said   Drainage 

District. 


TUNNEL  SEWER. 

Niagara  Falls.  N.   Y.,  Jan.  2.'..  l&Oi). 

Sealed  proposals  will  be  received  by  the 
Heard  of  Public  Works  of  the  City  of 
Niagara  Falls.  N.  Y..  at  the  City  Building 
In  said  city,  up  to  Tuesday.  Februarj-  9, 
1909,  at  7:30  o'clock  p.  m..  for  the  fur- 
nishing of  materials  and  the  construction 
ftf   the   following  work: 

No.  202.  A  tunnel  trunk  sewer  from 
the  end  of  the  present  tunnel  at  Sugar 
Street  to  Royal  Avenue  and  in  Royal  Ave- 
nue and  Royal  Avenue  extended  to  Union 
Street. 

No.  203.  A  sewer  In  Union  Street  from 
the  end  of  the  propo.sed  tunnel  to  Buffalo 
A\'enfl . 

All  proposals  must  be  made,  on  blank 
forms,  which  together  with  other  refpilre- 
ments.  may  be  obtained  in  the  office  of 
the  City  Engineer.  Convention  Hall, 
where  plans  and  .specifications  of  the 
wtirk    may   be   seen. 

The  Hoard  reserves  the  rl.ght  to  reject 
any  and  all  bids  and  to  waive  all  In- 
formalities. 

WALTER    P.    HORNE,    City    Clerk 
\v      !■     HiiHUlxS.    City    Engiiit.: 


PUMPING  ENGINE. 

Phoenix,  ,\riz. 
Sealed  proposals  will  be  received  by  the 
Superintendent  of  the  Water  Works  of 
the  city  of  Phoenix.  Ariz.,  until  4  o'clock 
p.  m.  of  Feb.  10,  1909,  for  one  3.000,000- 
gallon  pumping  engine.  Bids  must  bo 
accompanied  by  a  certified  check  for  ."•  per 
cent  of  the  amount  of  the  bld»,  made 
payable  to  Frank  Thomas,  City  Ilecoriler. 
Speclfieatliuis  may  be  bad  upon  applica- 
tion. Right  to  reject  any  and  nil  bids  re- 
served. ROBT.   A.  CRAIi;. 

Supt.  Water  Wi.rks. 
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TANKS  AND  TOWER 

Wiililjix'i,      .M,ii>Uind. 

Sealed  propo.talH,  Indorsed  '°l'roi>oMi|  for 
Construction  of  Water  Tanks  and  Tower. 
."Sanitary  Contract  No.  37.  "  addressed  to 
the  Board  of  Awards  of  Baltimore  City, 
will  be  received  at  the  office  of  .Mr  J. 
Sewell  Thonuis,  City  Register.  City  Hall. 
Haltlmore,  Md.,  at  II  a.  m..  Wednesday. 
Feb.  3,  19U9,  for  constructing  water  tanks 
and  tower  at  the  sewage  disposal  works 
on  Back  River,  as  shown  on  plans  on 
file  In  the  ofllce  of  Mr.  Calvin  W.  Hen- 
drick.  Chief  Engineer  of  the  Seiveragc 
Commission. 

Specifications  and  plans  can  lie  obtained 
upon  application  at  the  oMlce  of  the  Sew- 
erage Commission,  Room  No.  »m.  Amer- 
ican Bldg..  Baltimore,  Md.,  on  and  after 
Wednesday.  Jan.  20.  1909.  A  charge  of 
J2.50  will  be  nuide  for  each  specification 
with  blueprint.  This  charge  will  be  re- 
funded upon  return  of  the  unused  speci- 
fications and  plans  In  good  condition. 

A  certified  check  of  the  bidder,  on  a 
clearing  house  bank,  made  p<iyable  to  the 
order  of  the  Mayor  and  City  Council  of 
Baltimore,  for  the  sum  of  $1,000  will  be 
required  to  be  deposited  with  each  bid. 

The  successful  bidder  on  each  contract 
will  be  required  to  give  bond  and  comply 
with  the  city  charter  respecting  contracts. 

The  Board  of  Awards  reserves  the  right 
to  reject  any  and  all  bids. 

By  order  of  the  Sewerage  Commission. 
PETER  LEARY.  JR..  Cliairman. 

HARRY   W.    KODGERS,    Secretary. 

J.   BARRY  .MAHOOL, 

President  Board  of  Awards. 


CONCRETE  SEWER. 

-\shtabula.  Ohio.  Jan.  20.   1909. 

Sealed  bids  will  be  received  by  the 
Board  of  Public  .Service  of  the  city  of 
.\shtabula,  .Slate  of  Ohio,  at  the  office  of 
.said  Board  until  12  o'clock,  noon.  Tues- 
day, Feb.  16.  1909,  for  furnishing  the  nec- 
essary labor  and  materials  for  the  Im- 
provement of  West  St.  from  .\uger  Ave. 
to  Fred  St.,  Fred  St.  from  West  St.  to 
Haskell  Ave.,  Ha.skell  Ave.  from  Fred  St. 
to  Benefit  St.,  Benefit  St.  from  Haskell 
Ave.  to  Prospect  .St.,  Mills  St.  from  Ben- 
efit St.  to  Hope  St.,  Hope  St.  from  Mills 
St.  to  Prospect  St.,  by  constructing  a 
sewer  therein,  according  to  the  plans  and 
specifications  on  file  in  .xaid  office.  The 
work  includes  approximately  1.372  lin.  ft. 
ri0"x2'9"  concrete  sewer,  3,020  lln.  ft.  of 
l'8"x2'6"  concrete  sewer,  774  lln.  ft.  of  20" 
sewer.  2.154  lln.  ft.  of  15"  sewer,  1,790 
lln.  ft.  of  12"  .sewer,  30  manholes,  and  all 
other  labor,  material,  branches  and  appur- 
tenances, as  shown  by  the  plans  and 
specificatUjns,  or  required  by  ssild  Im- 
provement. 

Bidders  are  required  to  use  the  printed 
fiiinis  furnished  by  the  city,  which  can  b. 
hud  on  application  at  the  office  of  said 
Koard,  and  are  directed  to  observe  the 
instructions  to  Bidders"  therein  con- 
tained. 

The  right  Is  reserved  to  rejet-t  any  and 
all    bids. 

By  order  of  the  Board  of  Public  Serv- 
ice. A.  J.   RK^IIARDSON. 

Clerk. 


U.  S.  E.VGl.NEI'TR  OFFICE.  W1I.MING- 
TON.  N.  C.  DErl-:ilHER  30.  190S 
Sealed  proposals  for  constructing  steel 
draw-span  highway  bridge  with  pile  ond 
concrete  foundations,  on  Core  Creek, 
near  Beaufort.  N.  C.  will  bi>  recelvixl  at 
this  ofllce  until  12  o'clock  noon,  standard 
time.  January  30.  1909.  and  then  public- 
ly opened  Information  on  application. 
EARL  I.    BROWN,  t'apt.    Engrs. 


COURT  HOUSE. 


-N'.wton.  Iowa. 

."Sealeil  propoKuls  will  l>e  received  by  the 
Board  of  .Supervlsajrs.  Newton.  Iowa,  un- 
til 2  o'ela«k  p.  m.  on  the  18th  day  of 
Februarv-.  1909.  for  the  erection  and  com- 
pletion of  a  three-story  Court  )Iou«e  for 
Jasper  County,  plana  and  speclficatlona 
for  which  are  now  on  file  at  the  office  of 
the  County  Auditor.  Plans  and  sr«-clfica- 
tlons  can  also  be  »een  at .  the  office  of 
Proudfoot  &  Bird.  architects.  No.  (IS 
Flynn   Bldg..  Des   Moines.   Iowa. 

Bids  will  be  received  for  the  bulldlnic 
complete.  Including  heating,  plumbing  and 
elect  rie    work. 

I'l-rtlfied  check  S5,000;  bond  25  per  cent 
of  I'ontract  price. 

The  right  la  reser%-ed  to  reject  any  or 
all    bids. 

FKA.N'K  SELL.M.V.N'.   i-ounty  .Vu.llb.r 

C  O  N  S  T  RUCTING  (jUARTKR.M  AS- 
ter's  Office.  Fort  Dis  .\|..in.-.i.  Iowa.  Jan- 
uary 20.  1909. — Sealed  prop<.sul».  in  tripli- 
cate, will  be  received  hire  until  3  p.  m.. 
Standard  time.  Febrmirv-  10.  1909,  and 
then  opened,  for  c«»n.«tru.  Tjtik'  a  ste^l 
highway  bridge  at  Fort  I  '  -     Iowa, 

target    range.       Infornui'  ed   on 

application.      Plans  and  ~.  y  -.illl 

be  sent  to  intending  bldd*-r.'^  jit 

of  retjue.st  accompanied  bv  c  ■  k 

for   J50.00,    which    will    be    re( :    ...en 

the  plans  and  specifications  at.-  returned. 
Envelopes  containing  prijposals  should  be 
Indorsed,  "Proposals  for  Bridge.  "  and  ad- 
dressed. Constructing  Quartermaster,  Fort 
Des  Moines.  Iowa. 
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Is  the  Formula  Wanted 


"It  means  that  the  resisting  moment  of  the  beam  is 
equal  to  K  (a  moment  factor),  multiplied  by  the  breadth  of 
the  beam  times  the  square  of  the  depth. 

Nothing  can  be  more  simple,  and  when  tables  containing 
values  of  K  are  available  the  application  is  easy. 

To  obtain  the  size  of  a  beam  change  the  formula  to  read : 

in  which  M  =  bending  moment  =  resisting  moment  in  inch 
pounds. 

rf  =  depth  in  inches  from  top  of  beam  to  center  of  steel 
reinforcement. 

fe  =  breadth  in  inches. 

The  moment,  j\l,  is  found  when  we  know  the  clear  span 


and   load.      The   breadth,  b,    we   can    generally   assume   at 
l/i20to  1/24  the  span,  and  A.'  is  taken  from  tables. 

Remember  that  in  the  following  pages  the  depth  of  t^ie 
beam  is  always  the  distance  from  the  top  to  the  center  of 
the  steel  reinforcement.  The  concrete  below  the  steel  ii 
simply  there  for  protection  and  is  not  relied  upon  to  add 
strength  to  the  beam. 

Assume  the  breadth,  b,  at  from  1/20  to  1/24  the  sp  ■••, 
for  the  reason  that  the  upper  part  of  the  beam  i.;  a  co'.u  "i  1 
and  to  prevent  side  bending,  or  undue  stresses  at  its  junction 
with  the  slab  on  top,  the  length  should  not  exceed  24  times 
the  least  thickness.  Therefore  assume  a  breadth  as  above 
and  solve  for  d.  The  best  shaped  beam  i.:-  one  in  which  b 
lies  between  Ad  and  Jd.  To  obtain  such  a  beam  may  require 
two  or  more  trials,  until  designing  experience  has  been 
gained." 


The  values  of  K  referred  to  in  the  above  quotation  from 
''Reinforced  Concrete — A  Manual  of  Practice"  are  given  in  a 
series  of  simple  tables. 

The  design  of  columns,  walls,  tanks,  footings,  etc.,  is  treated 
in  an  equally  simple  manner. 

There  is  a  notably  good  discussion  of  the  design  of  forms, 
with  tables  of  safe  loads  for  posts  and  braces,  thickness  of 
lagging,  spacing  of  studs,  efficiency  of  nails,  bolts  and 
fastenings. 

Construction  methods  and  tools  are  discussed  in  the  same 
practical  and  useful  manner  as  are  designing  methods  and  data. 

Reinforced   Concrete,   A   Manual  of   Practice 

By  ERNEST  McCULLOUGH 

Cloth,   6x7  inches;   136  pages;  illustrated;  $1.50 

THE  MYRON  C.  CLARK  PUBLISHING  CO. 


13-21   Park  Row,  New  York 


355  Dearborn  Street,  Chicago,   111. 
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Engineering-Contracting  how  "Concrete  Lumber-  Has  Made 

A  \veckiv"'Mctho.u  u.^.i  Co -.   Journal  Fofest  Preservatioo  a  Farce. 

lor    Civil    bnKlncera   and    Lontrturlon. 

wmi  WHICH  *R«  comiiMD  I  |„.    I;,, I    |„-ri>limg    inrols    nl      \!,fi..i 

ENQINEERINQ    WORLD  have  been  the  theme  of  many  ., 

»"''  lament.    "Behold  the  loss  of  all  ti.,     i.., 

CONTRACT  NhWS  this  criminal  waste  of  natural  resources!" 

Publi^hr.l  rvcry  \v..inr- .lay  by  frics  tlic  Statistician,  until  we  find  ourselves 

THE  MYRON  C.  CLARK  PL'BLISHINO  CO.  almost  sniffling  in  sympathy.    .\mid  all  this 

355  Ucartwrn  Sircet.  Chic.«o  illogical  agitation  for  forest  preservation  it 

,,„,„,„  's   well  to  turn  an  eye  toward  iht;  timber 

N«w  \OKK  OfncK:     11-21  ParV  Row  c     ,       t                ..                    ,,.... 

Trifphone  Ku  cortisnui  "■  ''"^'  '"tnre—  concrete  lumber,    as  it  has 

~  been  aptly  called.     While  engineers  are  well 

Savmm'^'^  H?I'TPP^""'^   ■    •   «*"*••''"=  E-^'To.  a^v.are  that  concrete,  reinforced  with  steel. 

DA.MLL   J.   H.\UtK.  I  .                                      .                           •                             ... 

CH.\S.  S.  HILL.          Lap  '*  '"*''■'''  "'•''"  ""'ber  and  can  be  used  in  its 

^"  ''"'  «;\iiT»'^^*          I  place  for  all  kinds  of  construction,  the  pub- 

MYRON  C.  CLARK President  ''"^    '««''    behind    ill    knowledge    and    listens 

A.  B.  GILBERT    ....    Advertising  M.^.sa.-.br  seriously    to    the    demands    of    government 

crrc^DrriT-f^x.  cTcc  , n      Z,    '■     73        ^  forcstcrs  for  thc  scttipg  aside  of  huge  do- 

SVBSCRlrTlOS  RATES  {PamhU  in  Advaner^; —  ■              „r 

SJ.OOj  yrar  [SI  iisiusMn  UniieJSijies.  Ciibj.Mtx-  mains  as     forcst  reserves.       -Mready  great 

ico.  Aljska,   Hawaii,  Guam,  Porto  Rico,  Philipf^ittt  •  .  .1                   .    •        .    .              1          '         .1 

hlands.  Ktpublic of  I>anama,Canal Zont and htand  ar'^as  in  the  mountain  Slates  and  among  the 

of  Tutuila.  coast  counties  of  Oregon  and  Washington 

$3,00  a  y#ar  (S3  issues)  to  Dominion  of  Canada.  l      „  u     _                  j  r               •      .                    1  • 

S4  00  a  year  («  «5,.«)  to  all  other  countries.  ^a vc  been  reserved  from  private  ownership. 

ADVERTISrSG   RATES  sent  en  application.  '^'"""'^  °^   '''^^  "^   ^°'^  '"''"f  preservation. 

Copy  for    regular    advcrtisiiiR  must  be  received  -"^    'cw  years  hence  the  folly  of  this  action 

not  later,  than  Friday  precedinR  date  of  issue  m  ,vill  become  apparent,  for  much  of  the  land 

which  it  is  to  appear.       Proposals.        \\ants    and  ik             , 

"For  Sale"  announcements  can  be  inserted  as  lata  thus  reserved  Can  be  uscd  far  more  profit- 

as  Tues<lay  morning.  11/             ■•         /■.,           r 

•  ably  lor  raising  fruit  than  for  raising  tim- 

Entercd  a^second-ria'ss  matter.  April  17.  1907.  at  tha  ber.    What  will  open  the  evcs  of  the  public 

Po>t  Office  at  Chicago,  lllmois.  under  act  of  Marck  1  •      ^     ^  .^      x*                     *               . 

3d.  1S7».  to  this   lactr     IMot  argument  and  oratoo'. 

'^                                                                     '  but   the   silent   logic  of   "concrete   lumber" 

CONTENTS  and  structures  built  of  Portland  cement. 

—  The  Pennsylvania  Railroad  has  begun  the 

Ei>lToKl\L-  systematic  raising  of  timber  for  cress  ties. 

How    "Concrete    Lumber"    has    Made  ^"^  'ong  before  that  timber  reaches  matur- 

Forest   Preservation  a  Farce 79  ity  it  will  be  useless  for  the  purpose.  Cross 

Announcement    of   the    First   Meeting  ties  of  reinforced  concrete  are  as  certain  to 

of  the  American   Society  of  Engin-  i        ••    i       .•                      .    -j        n     i 

eering   Contractors : ...  70  replace  timber  tics  as  cement  sidewalks  have 

Is  It  .\dvisable'for  Engineers  to  Pub-  replaced  those  of  wood, 

lish  Their  Estimates  of  thc  Cost  of  Already  thc  farmers  of  the  middle  states 

Projected   \\  ork 80  g^g  "growing"  their  own  fence  posts,  not  by 

T-u     r-      .'^     .'■  '        J   r-    .      !  c      II  planting  acorns,  but  bv  pouring  a  mi-xture 

The  Construction   and   Cost   ot    Small  '             ^               '             -    '  .        * 

Concrete    Houses 81  '^'  cement,  sand  and  stone  into  molds.   Hol- 

A    Hammer    for    Finishing  Concrete  low  telegraph  poles  of  reinforced  concrete 

Surfaces    81  m-g  common  in  France,  and  concrete  piles 

New    R;;'nforced    Concrete    Board    Mill  ^^^  f^^^-       ^    ,.^      ^  ,j  ^  usefulness  every 

of  the   .■Androscoggin    Pulp   Co ».i  °                                                            ■' 

The    Cost    of     Cement     Block    Walls  year. 

Compared   with    the   Cost   of    Brick  In  Italy  barges  and  scows  of  reinforced 

"  •>"*    83  concrete  have  been  uscd  with   pronounced 

A  New  Traction  Concrete  Mixer 85  surress 

Methods    and    Cost    of    Constructing   a  ,~.      '       , 

Reinforced        Concrete        Highway  Fireproof  buildings  of  concrete  are  now 

Bridge    86  so  numerous  as  to  excite  no  attention  when 

Earth  and  Rock  Section:  erected  even  in  the  smaller  cities,  and  thc 

Comments  on  the  Use  of  Wagons  in  j      j    „^,  f^^  jj              |,^.    cottages,  as  well 

Transporting  Earth    87  ■'                                     .,              ".,'      ,    ., 

Loading     Blast     Holes     and    Driving  a'  more  pretentious  residences,  will  be  built 

Small    Drifts 88  of  this  stone  lumber.     It  may  be  that  Edi- 

RoADs  AXip  Streets  Section  :  son's    plan    of    erecting    steel    molds    and 

Cost   Data  on  Pavement  Construction.  90  "pouring"  a  concrete  house  in  a  day  will  be 

Court   Decision  Regarding  Bitulithic  ,         ,            .,    ,      ,    . 

Pavement    Patents                                   90  'ound  practicable,  although  it  is  likely  that 

Waterworks  anu  Sewer  Section:              l  other  forms  of  construction  will  prove  more 

Striiclural    Details    and     Methods    of  economic    for   all   smaller   buildings.     Thc 

Construction  of  the  Lawrence  Ave.  plastering  of  cement  mortar  onto  expanded 

Intake  Tunnel,  Chicago 93  '        ,      "    .             ,    .                      .     i     .l 

Rrii-.e.s.   »i  luii.NGS   AND   FOUNDATIONS:  ""^'a'  «"■  «"•«  ^csh  IS  quitc  apt  to  be  the 

Methods    and    Cost     of    Constructing  most  economic  method  of  building  thc  walls 

a    Plate   Ciirder    Bridge    with    (_on-     _  of  small  houses  in  some  cases,  and  in  others 

Crete    Piers............ J.j  jj             j  ,   f£,,,„(|   preferable  to  erect   slabs 

Cost     of    a    .JOO-ft.     Highway    Draw-  ,         ■  ..                  ,       ,      .,          ,     • 

l,^j,l                                 o        J                 p^  of  real     concrete  lumber,     made  m  a  cen- 

Material   for  a  Caisson 98  tral  yard  and  transported  to  the  site  ready 

CiEN»j<Ai.  Section  :  for  use. 

Suggestions    for    Drawing    Specifica-  Certain  it   now  is  that  ennush  has  been 

tions   for   r.ngmeering   Work 98  i-  i     i       -.i         ■   c         i ... 

A    10,OOO,iXK.-lb     lly<lr.nulic    Compres-  accomplishe.l    with    reinforced    concrete    to 

sion  Testing  Machim 101  prove   liey.m>l   iLmiM   that    fnrc«|.i   «•'!   ...vi 

Copyright,  1909,  by  the  Myron  C.  Clark  Publishing  Co.     .\ll  rightx 
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called  reinforced  concrete  has  all  thc  essen- 
tial properties  of  timber,  except  combusti- 
bility. Neither  the  fierce  combustion  of 
fire  nor  thc  slou  '  'is 

it.    With  thc  sti 

ability  of  granite,   ri.iiil.jici.<l  i» 

already  wrought  wonders,  but  <  rs 

of  yesterday  will  become  the  commonplaces 
of  tomorrow,  and  tomorrow,  in  its  turn, 
will  disclose  new  uses  for  this  remarkable 
building  material  formed  of  steel  buried 
in  stone.  Thus  arc  the  ancient  "age  of 
stone"  and  the  modern  "age  of  iron"  com- 
bined, making  the  new  age  of  reinforced 
concrete,  or  "stcclcretc,"  as  it  has  been  not 
inaptly  called. 


Announcement  of  the  First  Meeting  of 
the  American  Society  of  Engi- 
neering Contractors. 

Thc  first  meeting  of  thc  American  So- 
ciety of  Engineering  Contractors  will  take 
place  in  March,  thc  exact  date  to  be  an- 
nounced later. 

Mr.  Gillette  has  received  nearly  1,500 
applications  for  memlx-rship  in  this  na- 
tional society,  and  would  greatly  like  to 
sec  the  applications  number  a  full  2,000 
before  the  first  meeting  takes  place.  Cer- 
tainly every  contractor  in  .\merica  will  find 
it  advantageous  to  belong  to  this  organiza- 
tion, for  it  is  evident  now  that  it  will  be 
the  only  national  society  of  any  consider- 
able magnitude  that  will  protect  the  inter- 
ests of  contractors.  But  its  membership 
is  not  limited  to  contractors,  for  it  is  de- 
sired to  include  engineers  as  members  also, 
and,  indeed,  a  very  large  number  of  engi- 
neers have  already  applied  for  membership. 

No  other  society  offers    ■.  ;i  meet- 

ing ground   for  thc  rcpri  .if  the 

two   parties    to     a    ■  t. 

However  often  it  m;i  le 

engineer  represents  neither  party,  but  is 
a  mediator  between  thc  two — the  "owner" 
and  the  contractor — it  is  obvious  that  the 
engineer  is  in  reality  the  agent  of  the  party 
of  the  first  part.  By  him  he  is  hired,  and 
to  him  he  i-  Me.    Strive  as  he  will 

to  .let  in  a  il;  '■  manner,  the  engineer 

unconsciously  le.nis  in  favor  of  his  client, 
the  owner.  Thc  very  specifications  that  he 
draws  prove  his  solicitude  for  the  owner's 
interests.  Innumerable  law  suits  doubly 
prove  it.  Yet  there  are  practically  no  engi- 
neers who  do  not  aim  to  be  fair.  .\s  a  rule 
any  unfairness  on  the  part  of  an  engineer 
results  from  ignorance  of  the  contr.ictor's 
point  of  view.  It  is  noticeable  that  thc  en- 
gineer who  has  once  been  a  contractor  him- 
self is  apt  to  be  far  more  careful  and  less 
arbitrary  both  in  thc  drawing  of  specifica- 
t\nf\<.  nntl  in  the  interpretation  of  them  that* 

of  republication  reserved 
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is  the  engineer  who  has  never  viewed  a 
contract  through  the  spectacles  belonging 
to  the  party  of  the  second  part. 

We  believe  that  the  proposed  society 
will  prove  the  best  possible  means  of  en- 
abling engineers  to  get  the  unbiased 
opinions  of  contractors  as  to  clauses  in 
specifications,  and  that,  in  turn,  contrac- 
tors will  understand  more  clearly  what  en- 
gineers seek  to  secure  by  any  given  word- 
ing of  a  specification.  Important  as  this 
function  of  the  American  Society  of  Engi- 
neering-Contractors will  be,  the  society 
has  many  other  functions  to  perforin, 
some  of  which  are  outlined  in  the  blank 
application  for  membership  in  the  society 
which  will  be  found  on  one  of  the  adver- 
tising pages  of  this  journal. 


Is  It  Advisable  for  Engineers  to  Pub- 
lish Their  Estimates  of  the  Cost 
of  Projected  Work? 

On  the  Barge  Canal  work  in  New  York 
State  it  is  the  practice  to  publish  the  engi- 
neer's estimate  of  the  cost  of  each  proposed 
contract.  The  estimate  is  made  in  detail 
and  forms  a  part  of  the  specifications,  for 
one  object  of  the  estimate  is  to  provide  a 
method  of  preventing  unbalanced  bids.  No 
bid  is  accepted  if  it  exceeds  the  engineer's 
estimate  of  the  total  cost  by  10  per  cent. 
Any  bid  may  be  rejected  if  any  one  of  the 
unit  bidding  prices  exceeds  the  engineer's 
estimated  unit  price  by  20  per  cent. 

While  this  last  named  practice  is  of  ques- 
tionable value  as  compared  with  other 
methods  of  preventing  unbalanced  liids,  we 
shall  not  discuss  it  at  present.  The  ques- 
tion that  we  wish  to  put  before  our  readers 
is  the  question  that  heads  this  article. 

Those  who  are  opposed  to  publishing  the 
engineer's  estimate  have  a  very  strong  argu- 
ment. They  assert  that  many  an  ignorant 
or  incompetent  contractor  will  bid  upon 
work  whose  estimated  cost  is  made  public, 
acting  upon  the  assumption  that,  if  the  engi- 
neer has  made  a  careful  estimate  of  cost, 
there  can  be  no  chance  of  loss  by  bidding 
slightly  below  his  estimate.  Hence  con- 
tractors who  really  do  possess  knowledge  of 
their  own  are  likely  to  be  underbid  by  con- 
tractors who  have  no  knowledge  save  that 
secured  from  the  engineer's  estimate. 

We  have  known  this  to  happen  a  great 
many  times  in  the  past,  but  we  must  not 
forget  that  general  knowledge  of  actual 
costs  has  greatly  increased  within  the  last 
five  years  and  that,  as  a  consequence,  con- 
tractors are  becoming  much-  more  cautious 
than  they  used  to  be  in  the  matter  of  ac- 
cepting engineer's  estimates  as  a  safe  criter- 
ion   for   their    own    bidding    prices. 

Eleven  years  ago  (and  indeed,  nine  years 
ago)  there  was  not  a  single  book  or  article 
in  the  English  language  giving  an  example 
of  the  detailed  cost  of  a  macadam  road. 
The  writer  was  at  that  time  preparing  to 
bid  on  the  first  macadam  road  to  be  built 
under  the  direction  of  the  State  Engineer 
of  New  York.  The  State  Engineer's  esti- 
mate was  known  to  the  writer  as  well  as  to 


other  contractors,  and  the  most  important 
item,  "macadam  rolled  in  place,"  had  been 
estimated  by  the  State  Engineer  at  $1.00  per 
cu.  yd. !  No  such  erroneous  estimate  would 
be  made  by  any  engineer  today,  and,  if 
made,  it  would  deceive  no  contractor  who 
had  wit  enough  to  avail  himself  of  pub- 
lished data.  The  times  have  changed.  Costs 
have  become  the  subject  of  scientific  inves- 
tigation and  analysis. 

The  very  differences  between  recorded 
costs  are  making  contractors  cautious,  and 
will  make  them  more  and  more  cautious  in 
bidding  upon  large  jobs  of  a  class  in  which 
they  have  had  small  experience. 

Only  a  few  days  ago  (in  our  issue  of  Jan. 
13)  we  published  an  article  by  a  well  known 
contractor  for  reinforced  concrete  work, 
Mr.  Leonard  C.  Wason,  giving  summaries 
of  his  own  costs  of  reinforced  concrete 
buildings,  etc.  Mr.  Wason  stated  that  one 
of  his  objects  in  making  public  his  costs 
was  to  educate  ine.xperienced  contractors,  so 
that  bids  on  such  work  would  cease  to  be 
so  ruinously  low  as  to  prevent  his  own  firm 
from  securing  contracts  at  a  fair  profit. 

When  the  writer  first  published  his  rec- 
ords of  the  cost  of  road  construction  he 
had  in  mind  much  the  same  object  as  that 
which  Mr.  Wason  has  given,  although  sub- 
sequently he  became  convinced  that  publi- 
cation of  costs  is  justified  on  the  much 
broader  and  less  selfish  policy  of  assisting 
others,  for  the  sake  of  raising  the  whole 
level  of  economic  efficiency.  Secretiveness 
is  the  product  of  ignorance,  and  the  China- 
man is  its  trademark.  Secretiveness  as  to 
actual  costs  has  been  the  cause  of  innumer- 
able underestimates  made  by  engineers  and 
has  resulted  in  the  disrepute  that  engineers 
still  suffer  in  the  eyes  of  business  men  who 
hark  back  to  bitter  experiences  of  a  decade 
or  more  ago.  Even  today  great  surprise  is 
expressed  when  a  large  construction  job 
is  finished  within  the  engineer's  estimate. 
The  writer  knows  many  bankers  whose  in- 
variable practice  is  to  add  50  per  cent  or 
more  to  engineers'  estimates  of  projected 
railways  which  they  intend  to  finance.  Who 
can  measure  the  incalculable  harm  that  such 
opinions  aj  to  engineers'  estimates  have 
caused  and  still  cause  when  a  really  good 
railway  project  is  presented  with  accurate 
estimates  of  cost? 

In  passing  let  us  emphasize  the  fact  that 
while  the  cost  of  the  great  Panama  Canal 
has  been  underestimated,  it  has  been  less 
the  fault  of  the  estimators  than  of  the 
builders.  The  unit  prices  originally  assumed 
were  amply  large  enough,  but  the  estima- 
tors had  never  dreamed  that  the  actual  con- 
struction would  be  done  by  the  notoriously 
inefficient  day  labor  system.  Nevertheless, 
the  general  public  will  chalk  down  one 
more  great  discredit  mark  opposite  the 
words  "engineers'  estimates,"  and  this  is 
not  the  least  of  the  ills  that  flow  from  the 
doing  of  this  work  with  government  labor 
forces. 

Publicity  of  any  sort  is  likely  to  be  fol- 
lowed by  some  instances  of  regrettable  in- 


convenience or  positive  loss  to  some  one, 
but  a  general  policy  of  publicity  is  one  of 
the  modern  tenets  of  political  economy 
whose  soundness  few  will  question.  As  a 
corallary  to  this  proposition  it  is  clear  that 
the  publication  of  engineers'  estimates  of 
the  cost  of  any  projected  work  will  work 
for  good  in  the  long  run.  At  first  there 
will  be  some  contractors  who  will  be  fools 
enough  to  bid  just  a  shade  under  the  esti- 
mates, without  any  knowledge  of  their  own 
to  guide  them.  This  will  be  a  passing  phe- 
nomenon. 

Publication  of  engineers'  estimates  will 
have  many  decided  advantages :  First,  it 
will  show  prospective  bidders  not  only  the 
number  of  units  of  work  to  be  done  but 
the  engineer's  estimate  of  the  character  of 
each  unit  as  regards  its  cost.  A  yard  of 
earth  in  some  places  is  worth  15  cts.  to  ex- 
cavate and  transport,  in  other  places  it  is 
worth  75  cts.  When  the  estimated  prices 
are  given  the  contract  has  at  once  a  bird's 
eye  view  of  probable  character  of  the  work, 
from  which  he  can  decide  whether  it  war- 
rants his  visiting  the  site  to  prepare  a  bid. 
Second,  the  engineer's  estimate  serves  to 
check  the  contractor's  own  figures,  and  fre- 
quently leads  him  to  a  more  careful  exam- 
ination of  conditions  to  ascertain  why  the 
engineer's  estimate  was  so  high  or  so  low. 
Third,  the  engineer's  estimate  enables  a 
■  contractor  to  discuss  with  the  engineer  his 
reasons  for  certain  estimated  prices.  From 
such  a  discussion  both  parties  are  likely  to 
profit.  Fourth,  the  publication  of  such  esti- 
mates in  the  columns  of  technical  journals 
will  lead  to  discussions  among  engineers 
and  contractors,  and  thus  prove  it  a  fruitful 
source  of  arousing  further  interest  in  the 
vital  subject  of  cost  analysis  and  in  spread- 
ing knowledge  of  costs. 

It  would  be  well  if  engineers  were  to  give 
a  printed  description  of  conditions,  accom- 
panying their  specifications  and  estimated 
cost.  This  description  would  often  lead 
contractors  to  go  over  the  ground  where 
otherwise  they  would  not  visit  the  site  of 
the  work  at  all,  which  is  particularly  true 
of  work  in  places  not  easily  accessible  to 
many  contractors. 

We  shall  welcome  further  discussion  of 
this  subject  in  the  columns  of  this  paper, 
particularly  from  engineers  who  have 
strong  reasons  for  or  against  the  publica- 
tion of  their  estimates  of  cost. 


The  production  of  petroleum  in  the 
United  States  in  1908,  according  to  a  pre- 
liminary' estimate  made  by  David  T,  Day, 
of  the  United  States  Geological  Survey, 
amounted  to  between  175  and  180  million 
barrels,  an  increase  between  5  and  9  per 
cent  as  compared  with  the  production  of 
166  million  barrels  in  1907.  The  total  value 
of  the  product  showed  an  even  greater  pro- 
portionate gain,  for  the  price  of  oil  in- 
creased in  California  and  remained  steady 
in  other  fields  except  the  Gulf.  The  in- 
creases are  attributed  to  steady  growth  in 
Illinois  and  California,  though  neither  field 
showed  phenomenal  development. 
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CunLrete  and  Reinforcecl  Concrete  Section 


Note: — This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 
and  reinforced  concrete  strucUires.  It  will  cover  (he  seleclion,  lestin;;  mid 
proporlioninK  of  concrete  materials;  laboralor\  tests  of  concrete;  concrete 
mi\inK.  transportation  aiul  placing ;  fabrication  and  placin;;  ol  reinforcement, 
and  form  construction  ami  erection.  It  will  also  contain  articles  on  neu  and 
inlerestinj;  developments  in  the  desii;n  of  reinforced  concrete. 


and  tills  the  pores.  Before  it  is  dry,  go 
over  the  wall  with  a  brush  dipped  in  wa- 
ter. The  result  is  a  hard,  smooth,  even 
-iiri'.Kf  uniform  in  color.  A  green  wall 
.  .Ill   '..•  (lone  in  the  same  way. 


The  Construction  and  Cost   of    Small 
Concrete  Houses.''- 

UY    C.    R.     KNAPP.t 

iC'oMiparalivcly  few  cost  data  on  concrete 
house  construction  are  to  be  found  in  en- 
gineering literature,  yet  concrete  houses  of 
Imth  block  and  monolithic  construction  are 
being  built  in  increasing  numbers.  The 
cost  data  given  in  this  paper,  therefore, 
though  very  general,  are  of  considerable 
interest.  They  indicate  the  surprising 
economy  of  concrete  as  compared  with 
other  common  house  building  materials. — 
Editors. ) 

I!rick  construction  will  cost  for  a  13-in. 
wall  from  3tJ  cts.  to  50  cts.  per  sq.  ft.,  and 
for  a  9-in.  wall  from  25  cts.  to  35  cts.  per 
sq.  ft.  To  these  figures  must  be  added, 
for  the  finished  wall,  cost  of  furring,  lath- 
ing and  two  brown  or  scratch  coats  of 
plaster  and  the  white  coat. 

Hollow  tile  construction,  which  has  an 
advantage  over  brick  by  reason  of  its  air 
space,  averages  about  the  cost  of  brick  or 
a  trifle  under. 

The  cost  of  block  construction  is  from 
18  cts.  to  35  cts.  per  sq.  ft.  of  wall  having 
a  thickness  of  8  to  12  ins.  inclusive.  For 
the  finished  wall,  add  the  cost  of  the  white 
finish  coat  which  is  put  directly  on  the 
concrete,  thus  saving  the  cost  of  furring, 
lathing  and  the  two  brown  or  scratch 
coats  of  plaster. 

A  plain  or  reinforced  concrete  wall  is 
much  stronger  in  every  feature  than  a 
brick  wall.  It  is,  therefore,  not  necessary 
to  make  the  concrete  wall  as  thick,  in  or- 
der to  get  the  proper  factor  of  safety. 
The  Philadelphia  Building  Laws  take  cog- 
nizance of  this  fact  by  requiring  in  con- 
crete only  two-thirds  of  the  thickness 
called   for  in  brick. 

For  house  construction,  I  would  advise 
two  4-in.  walls,  with  a  4-in.  air  space. 
The  two  walls  should  be  tied  with  metal 
tics  in  concrete  webs.  This  gives  a  wall 
of  full  strength,  saves  materials,  gives  an 
absolutely  damp-proof  house,  and  all  the 
benefits  derived  from  the  4-in.  air  space. 
It  also  saves  the  furring,  lathing  and  two 
brown  coats  of  plaster,  the  finishing  coat 
being  plaster  on  the  concrete.  This  wall 
will  cost  from  15  cts.  to  25  cts.  per  sq.  ft., 
plus  the  finish  coat. 

.•\nolher  method  is  to  use  a  6-in.  wall, 
which  is  strong  enough  for  any  two-story 


•Extmcts  from  a  paper  prc9ent<>d  to  the 
National  A.s.sorlatlon  of  Cement  L'Kers.  Cleve- 
land  Convention,   Jan.    13    to   IB.    1909. 

tConcrete  Contractor.   Philadelphia.   Pa. 


lii  M-r.  with  fiirriiiy.  I.'ithiiiK  nr  "Hy-rih" 
metal  sheathing  on  the  inside,  which  gives 
enough  air  space  to  keep  any  dampness 
from  coming  through.  Plaster  in  the  reg- 
ular way  with  two  brown  coats  and  one 
finish  coat.  This  will  cost  from  11  cts.  to 
Hi  cts.  per  sq.  ft.  for  the  concrete,  plus  the 
furring,  lathing  and  plaster.  These  prices 
are  equal  to  $6  to  $10  per  cu.  yd.  of  con- 
crete. 

Concrete  partitions,  2  ins.  thick,  reliable 
in  every  way,  can  be  put  up  for  16  cts.  to 
20  cts.  per  sq.  ft.  Floors,  by  using  con- 
crete in  connection  with  hollow  tile,  can 
be  placed  for  about  25  per  cent  to  40  per 
cent  more  than  the  wooden-  joist  construc- 
tion we  are  now  using.  A  concrete  roof 
costs  but  a  few  dollars  in  excess  of  what 
we  arc  paying  for  the  best  wooden  shin- 
gles. During  the  past  summer  the  writer 
constructed  a  stable  for  Mr.  Robert  E. 
Griflith  at  Haverford,  Pa.  The  outer  walls 
and  partition  walls  were  6  ins.  thick.  They 
were  all  carried  up  at  the  same  time  as  a 
unit.  To  do  this  we  used  two  rounds  of 
12-in.  boards  inside  and  out,  fastened  with 
the  Dietrich  clamps.  The  results  obtained 
were  quick  construction,  which  means  a 
saving  of  labor,  economical  use  of  lumber 
and  a  minimum  cost  which  was  in  this 
case  $1,.580,  as  compared  with  a  bid  for 
brick  of  over  $2,500  and  for  frame  of 
$2,000.  The  lumber  used  for  forms  and 
scaffolding  was  utilized  in  the  carpenter 
work,  thus  there  was  no  waste. 

Where  the  form  is  a  part  of  the  build- 
er's permanent  equipment,  to  be  taken 
from  job  to  job,  I  would  suggest  units 
8  ft.  long  by  3  ft.  wide.  When  two  rounds 
of  12-in.  board  units  are  used  it  often 
happens  that  the  placing  of  concrete  is 
delayed  owing  to  the  men  changing  forms 
and  not  being  able  to  keep  ahead  of  the 
mixing.  By  using  two  rounds  of  the  8x3- 
ft.  units,  which  are  easy  to  h.indle  and 
cost  no  more  than  the  one-t)oard  unit,  two 
men  changing  forms  can  keep  ahead  of 
six  men  mixing  and  placing.  This  gives 
the  concrete  a  longer  time  to  set  before 
the  forms  are  taken  off. 

If  care  is  taken  in  placing  the  concrete 
there  arc  no  surface  voids  and  it  will 
leave  a  smooth  wall  for  any  of  the  many 
different  finishing  methods  we  may  wish 
to  apply.  The  method  giving  the  best  re- 
sult for  the  least  work  is  to  thoroughly 
wet  the  walls  and  then  apply  with  a  brush 
a  thin  1-2  mortar,  rubbed  in  well  with  a 
carborundum  stone.  This  produces  a  lath- 
er on  the  surface,  removes  all  board  marks 


A  Hammer    For    Finishing    Concrete 
Surfaces. 
'     :;crtte    surfaces    may    be    finished    by 
;■  It;  by  any  of  the  methods  and  in  any 
of  the  styles  employed  by  stone  cutters  for 
masonry   stones.     Ordinarily,   however,  all 
that  is  required  is  a  style  of  tooling  that 
will  remove  the  cement  skin  and  the  form 
marks.    Very  simple  tools  and  an  ordinary 
quality  of   labor  will  produce   such   t<X)ling 
successfully,  and  at  a  reasonable  cost  com- 
pared with  other  methods  of  finishing  con- 
crete.     In    eviilence    "i    'Iii»    >t  .1. m, m    we 
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Hammer  for  Finishing  Concrete  Surface*. 

show  by  the  accompanying  cut  a  hammer 
for  tooling  concrete  and  give  some  costs 
of  work  done  with   it. 

The  hammer  illustrated  is  a  design 
worked  out  by  Mr.  Howard  B.  Green, 
Manager  of  Sales.  Whitehall  Portland  Ce- 
ment Co.,  Philadelphia,  Pa.  It  is,  we  un- 
derstand, not  patented  and  is  free  to  any 
one  to  make  and  use.  .V  good  blacksmith 
should  be  able  to  maki:  the  hammer  at 
small  cost.  It  is  operated  by  striking  a 
square  face  blow,  and  any  workman  of 
ordinary  intelligence  can  learn  to  operate 
it  in  a  few  hours.  This  hammer  has  been 
used  by  Mr.  Green  in  finishing  a  concrete 
residence  built  for  himself.  One  man  was 
able  with  it  to  tool  from  100  to  200  sq.  ft. 
per  10  hours.  Mr.  Green  states  that  the 
cost  of  a  good  quality  of  tooling,  exclusive 
of  scaffolding,  is  from  2  as.  to  3  cts.  per 
sq.  ft. 


l)iirnig  I'."'.'"  almost  $5,-500,000  worth  of 
construction  work  was  done  in  the  New 
York  Stale  Barge  Canal. 
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New  Reinforced  Concrete  Board  Mill 

of  the  Androscoggin  Pulp  Co., 

South  Windham. 

The  adaptability  of  reinforced  concrete 
and  its  increasing  use  in  the  construction 
of  paper  and  pulp  mill  plants  is  clearly 
shown  in  the  case  of  the  new  board  mill 
of  the  Androscoggin  Pulp  Co.,  at  South 
Windham,   Maine.     The   selection   of   con- 


A  feature  of  the  machine  building  is 
the  cantilever  support  employed  for  the 
board  machine,  Figs.  2  and  3,  The  side 
beams  upon  which  this  machine  rests  are 
6  ft.  6  ins.  in  depth  by  21  ins.  in  thickness 
and  are  spaced  9  ft.  11  ins.  apart.  These 
beams  are  in  turn  supported  on  a  single 
row  of  columns  spaced  24  ft.  on  centers. 
Spread  caps  42  ins.  thick  on  the  top  of 
each   column  transmit   the  pressure  of  the 


Fig.    1 — Reinforced    Concrete    IVIill.    Androscoggin    Pulp  Co. 


Crete  in  preference  to  any  other  building 
material  for  such  structures  rests  on  the 
fact  that  it  is  thoroughly  fireproof,  that 
the  maintenance  charges  are  very  low  and 
that  buildings  can  be  erected  with  great 
rapidity  and  put  into  operation  with  the 
minimum  loss  of  time.  A  well-built  con- 
•crete  mill  will  usually  cost  from  10  to  15 
per  cent  more  than  one  of  the  ordinary 
construction  capable  of  supporting  the  same 
floor  and  column  loads,  but  the  added  ex- 
pense may  be  readily  offset  by  the  advan- 
tages which  have  just  been  mentioned. 

The  structures  illustrated  comprise  a  ma- 
chine room  and  an  engine  room,  the  boilers 
being  located  in  a  separate  building.  Rein- 
forced concrete  is  exclusively  used  for 
floors  and  walls,  and  for  the  roof  of  the 
Theater  building.  The  roof  of  the  machine 
■building  and  all  the  monitors  are  of  wood- 
men construction.  Generous  lighting  is  pro- 
vided through  extensive  window  area  in 
the  walls  and  monitors. 

The  total  length  of  the  main  building. 
Fig.  1,  is  376  ft.,  the  average  height  being 
about  50  ft.  The  machine  room  at  the  east 
end  is  303  ft.  long  and  40  ft.  wide ;  adjoin- 
ing this  at  the  westerly  end  is  the  beater 
building,  73  ft.  long  by  77  ft.  wide.  The 
former  is  one  story  in  height  with  base- 
ment, while  the  latter  is  of  two  stories, 
also  with  basement. 

The  entire  equipment  of  the  new  building 
is  driven  by  engines  installed  in  the  one- 
■story  power  house,  39  ft.  by  48  ft.,  on  the 
•northeast  side,  filling  in  the  corner  be- 
tween the  beater  and  machine  buildings 


side  beams  onto  the  columns.  The  latter 
are  octagonal  in  section,  3%  ft.  thick,  face 
to  face,  and  are  supported  on  concrete  piers 
4  ft.  in  diameter,  carried  down  to  ledge. 
The  vertical  reinforcement  of  the  columns 


consists    of    four 


bars    placed    close 


and  stiffen  it  locally.  The  cap  is  rein- 
forced by  diagonal  bracing  of  %-in.  bars 
hooked  over  the  column  reinforcement. 
The  concrete  for  the  column  is  composed 
of  1  part  cement,  IV2  parts  sand  and  3 
parts  of  1-in.  broken  stone.  The  canti- 
lever cap  beams  are  of  1-2-4  concrete.  The 
space  enclosed  beneath  the  machine  is  4 
ft.  6  in.  in  depth  below  the  floor  line.  The 
wall  columns  are  12  x  14  in.  in  section  and 
spaced  8  ft.  on  centers  except  those  at 
finishing  end  of  the  machine  building,  these 
being  12  ft.  on  centers.  The  short  trans- 
verse floor  beams  for  the  basement  and 
first  floors,  including  the  second  floor  of 
the  beater  building,  which  are  in  all  in- 
stances integral  with  the  floors,  project  8% 
ins.  below,  and  are  spaced  2  ft.  on  centers. 
The  basement  floor,  the  first  floor  in  the 
beater  building,  and  the  finishing  end  of 
the  machine  building  are  3%  ins.  thick. 
In  the  remaining  portion  of  the  machine 
building  and  the  second  story  of  the  beater 
building  the  floors  are  but  3  ins.  thick. 
The  first  floor  in  the  former  building  is 
pitched  1%  ins,  downward  toward  the  mid- 
dle. 

The  piers  under  the  body  of  the  building 
are  of  circular  section,  4  ft.  in  diameter, 
while  those  under  the  walls  are  of  similar 
section  of  3  ft.  in  diameter.  These  are 
spaced  24  ft.  on  centers  longitudinally  and 
19  ft.  8%  ins,,  transversely.  At  the  finish- 
ing end  of  the  machine  building  are  two 
side  wall  foundations  braced  by  a  trans- 
verse wall  at  the  west  end,  all  3  ft.  thick 
and  carried  down  to  ledge. 

The  roof  over  the  beater  building  is  of 
reinforced  concrete  3  ins.  thick,  supported 
on  reinforced  concrete  beams  spaced  8  ft. 
apart.     That  covering  the  machine  building 


Fig.   2 — Pit    Under   Board    IVIachine. 


to  those  faces  which  are  subject  to  the 
greatest  flexure  and  one  %-in.  rod  in  the 
center  of  each  of  the  remaining  faces. 
These  bars  run  well  into  the  cantilever  cap. 
Hoops  of  %-in.  rods  spaced  3%  ins.  on 
centers  embrace  the  vertical  reinforcement 


is  of  plank  1%  ins.  thick,  pitched  6  ins.  per 
foot,  and  supported  by  steel  trusses  resting 
on  the  wall  colunms. 

The  work  was  designed  by  T.  W.  Jones, 
Milton,  N.  H.,  and  the  contractors  were  the 
Aberthaw  Construction  Co.,  Boston,  Mass. 
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The    Cost    of    Cement    Block    Walls 
Compared  with  the  Cost  of 
Brick  Walls.' 

UV    J.    A.    SMITH. t 

Coming  to  the  subject  of  cost  data  on 
cement  blocks,  I  have  prepared  such  data, 
showing  the  comparative  costs  of  cement 
blocks  and  common  brick  laid  in  the  wall. 
In  drawing  up  this  statement  of  costs,  how- 
■<ver.   I   have   used    faced     blocks     entirely 


too  low,  but  I  have  done  this  with  the  idea 
of  being  ultra  conservative  so  far  as  blocks 
are  concerned.  Furthermore,  I  have  made 
a  distinction  in  these  cost  data,  as  between 
the  small  sized  plant,  operating  with  two  or 
three  men,  mixing  by  hand,  and  buying 
materials  in  small  quantities ;  and,  the  thor- 
oughly and  perfectly  equipped  plant  where 
the  materials  are  elevated,  pneumatic  or 
power  tamping  used,  materials  bought  in 
quantity,  cars  and  track  used  for  the  trans- 


2.62  bbls.  cement,  at  (I  V' 
Labor,  at  .«i  cts.  per  bik 


3(M 
300 


Fig.    3 — Columns    Support. ng    Pit    Under     Board   Machine,  Androscoggin   Pulp  Co. 


throughout  my  computation,  and  have  com- 
pared  faced  blocks  with  common  brick  in 

the  figures  given. 

I  have  also  prepared  a  comparative  state- 
ment of  faced  cement  blocks  and  facing 
brick  in  conjunction  with  ordinary  brick 
laid  in  the  wall,  as  well  as  a  comparative 
cost  of  cement  blocks  and  monolithic  con- 
struction. In  getting  up  this  table  1  have 
had  an  eye  to  the  absolute  conservatism 
that  should  surround  such  a  table  in  figur- 
ing such  costs,  and  I  think  you  will  find 
that  I  have  tried  to  treat  this  subject  in  a 
thornu.ghly  conservative  way.  If  I  have 
erred  at  all,  it  has  been  in  placing  the  cost 
of  blocks  too  high,  and   the  cost  of  brick 


portation  of  the  block,  and  a  greater  num- 
ber of  blocks  turned  out  per  day.  A  well 
thought  out,  complete  plant,  properly 
equipped,  will,  of  course,  reduce  the  cost 
of  the  stone  turned  out  materially. 

1  call  your  attention  to  the  following 
cost  data  as  .ibove  outlined ;  proportions  of 
1—3—4 ;  facing  H-in.  thick  of  1  cement— 2 
sand. 

100— 8x8.\16-in.  blocks  require- 

1.0.5  en.  yds.  gravel,  at  $1  "'  SI A'l 

7!l  yds.  sand,  at  $1.00...  .70 

2  0-2  bbls.  cement,  at  $l.'>0  ■1.04 
Labor,  at  .02%  cts.  per  Ml-  27.". 


•KxtractPd  from  n  papier  pmsonted  to  the 
NallnnnI  A.^six-lnllon  of  Poiiifiit  I'liprs.  Cleve- 
land Convemlnn.  Jan.   ]3-lfi.   1309. 

tSouth    Bend.    Ind. 


IdO— ,Sx|0.icl(>-in.  blocks  require: 
1.40  cu.  yds.  gmvel,  .it  $1.00... 
I.Ofi  cu.  vds.  sand,  .nt  $1.00 


S7.63 

.  $1  40 

1  iv; 


$9.40 
100-8xl2xl6-in.  blocks  require: 

1.C8  cu.  yds.  gravel,  at  $1.00 $1.68 

1.27  cu.  yds.  sand,  at  $1.00 1.27 

.3.08  bbls    cement,  at  $1.50 4.62 

I-abor,  at  .03^4  cts  per  blk 325 

$1082 
100— 8x8x24-in.   blocks    require: 

1.62  cu.  yds.  gravel,  at  $1.00 $1.62 

1.23  cu.  yds.  sand,  at  $1.00 1.23 

3.12  bbls.  cement,  at  $1.50 4.68 

Labor,  at  .04  cts.  per  blk  4.00 


$1153 
100— 8xl0x24-in.  blocks  require: 

2.02  cu.  yds.  gravel,  at  $1.00 2  02 

1.53  cu.  yds.  at  $1.00 1.53 

3.80  bbls.  cement,  at  $1.50 5.70 

Labor,  at  MM  cts.  per  blk 4.25 


100— 8xl2x24-in.  blocks  require: 
2.43  cu.  yds.  gravel,  at  $1.00... 

1.82  cu.  yds.  sand,  at  $1.00 

4.46  bhis.  cement,  at  $l.-">'^ 
Labor,  at  4%  cts.  per  blk 


13.50 

.  2.43 
1.82 
6.70 
4.50 


Total  cost  of  100  blocks $15.45 

100_8x8xi6-in    blocks   will    displace    from 
l.^«  to  14-22  brick. 
13.^3  brick  laid  in  wall  at  $14  per 

M.  co.st   $l.«i~ 

I'Kt— 8x8xl6-in.     faced 

blocks  cost $7.63 

These  selling  at  4  cts.  profit 

per   block,  cost $11.63 

Laying  in  walls  costs 3.00 

$14.63  $14  63 

Saving  on  every  100  blocks $  4.04 

|i'0_8xl2xlG-in.     blocks     will     dis- 
place from  2.000  to  2.133  brick. 
2.000  brick  laid  in  wall  at  $14  per 

M..  costs  $28.00 

liiii    "tv^'xlfi-in.     faced 

;:.  .k  cost  $10.82 

.MIowing    4    cts.    profit    per 

block,  cost  SI4.82 

I^-iying  costs  . .  4  00 

Total  cost  in  wall $18.82 

Saving  on  every  100  blocks $  9.18 

]0n— 8x.'<x24in.   blocks   will   displace 

from  ^2^»M^  to  2.133  brick. 

'.'•HN)  hrick  laid  in  wall  at  $14  per 

M $2800 

100— J)x8x24-in.  blocks 

cost  $11.53 

.MIowing    5    cts.    profit    per 
block  cost   .  .  '''■  "■ ' 

Laying  costs  ' 

Total  cost  in  wall $21  .53 


Saving  on  every  100  blocks... 


?  ^47 
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100— 8x]-2x24-in.  blocks  will  displace 
from  3,000  to  3,200  brick. 
3,000  brick  laid  in  wall  at  $14  per 

M.,   cost    $42.00 

100— 8xl2.x24-in.      blocks 

cost  $15.30 

Allowing    6    cts.    profit    per 

block  cost   $21.50 

Laying  at  7  cts.  per  block . . .     7.00 


10(1— 8xl2x24-in.    blocks    laid    in    the 
wall    cost    27.65 


Equivalent  brick   (2,000)   laid  in  wall 
at  $14  per  M $28.00 


Total  cost  in  wall $28.50 


Saving  on  every  100  blocks $13.50 

A  high  grade  of  facing  brick,  costing 
$21  per  thousand,  will  cost,  laid  in  the 
wall,  $48  per  thousand.  We  have  assumed 
common  brick  at  $14  per  thousand. 

An  8-in.  brick  wall  faced  with  pressed 
brick  as  per  the  above,  and  equivalent  to 
100 — 8x8xl6-in.  blocks  w-ill  require: 

667  pressed  brick  at  $48  per  M $32.00 

667  common  brick  at  $14  per  M 9.33 


Total   $41.83 

100— 8x8xl6-in.   faced  blocks  laid  in 
the  wall  costs  $12.93 


Saving  on  every  100  blocks $28.40 

A  r2-in.  brick  wall,  faced  as  above,  and 
equivalent  to  100— 8xl2xl6-in.  blocks  will 
require : 

667  pressed  brick  at  $48  per 

M $32.00 

1,333   common    brick    at   $14 
per  M 18.66 


Total    $50.66 

100— 8xl2xl6-in.    blocks    laid    in    the 
wall  costs  I6..55 


Saving  on  every  100  blocks $.34.11 

The  above  figures  allow  4  cts.  profit  per 
block  to  the  manufacturer.  In  a  case  like 
this  the  manufacturer  would  figure  on  a 
higher  profit,  as  he  is  always  sure  of  get- 
ting the  job  when  competing  with  pressed 
brick. 

.\n  8-in.  brick  wall,  faced  with  pressed 
brick  and  equivalent  to  100— 8x8x24-in. 
blocks  will  require : 

1,000  pressed  brick  at  $48  per 
M $48.00 

1,000   common    brick    at   $14 
per  M 14.00 


Total    $62.00 

100— 8x8x24-in.    blocks    laid    in    the 
wall   cost    19.00 


Saving  on  every  100  blocks $43.00 

These  figures  allow  the  manufacturer  5 
cts.  profit  per  block. 

A  12-in.  brick  wall,  faced  with  pressed 
brick  and  equivalent  to  100 — 8xl2x24-in. 
blocks  will  require : 

1.000  pressed  brick  at  $48  per 
M $48.00 

2,000   common    brick    at   $14 
per  M 28.00 


Saving  on  every  100  blocks $48.35 

The  above  figures  allow  7  cts.  per  block 
profit  to  the  manufacturer. 

As  stated  above,  when  competing  with 
pressed  brick  and  cut  stone,  the  manufac- 
turer will  usually  charge  a  higher  price  for 
his  blocks,  as  he  will  have  a  greater  leeway. 

The  above  computation  on  brick  is  fig- 
ured upon  the  least  displacement  100  blocks 
will  displace  in  the  wall;  1,333  brick  is 
figured  on  a  basis  of  22%  brick  to  the 
square  foot  of  12-in.  wall,  three  brick  thick, 
or  15  brick  per  square  foot  of  8-in.  wall. 
The  same  is  true  in  every  other  computa- 
tion I  have  made,  as  I  have  taken  the  least 
displacement  possible  on  which  to  base  my 
fi.gures  so  that  the  results  cannot  be  ques- 
tioned from  a  standpoint  of  favoritism  to 
cement  blocks.  Furthermore,  all  the  above 
is  based  on  costs  shown  in  small  sized 
plants,  operating  with  two  to  three  men, 
mixing  by  hand,  and  buying  materials  in 
small  quantities. 

The  labor  costs  include  all  fractional  and 
window  jamb  blocks.  Furthermore,  the 
costs  shown  are  faced  cement  blocks 
against  common  brick.  Where  pneumatic, 
or  power  tamping,  is  used,  materials  are 
bought  in  quantity  and  a  greater  number 
of  blocks  turned  out.  the  cost  can  be  cut 
down  considerably,  and  will  more  nearly 
approach  the  following : 

100 — 8x8xl6-in.  blocks  will  require  : 

1.05  cu.  yds.  gravel,  at $  .80 $  .84 

.79  cu.  yds.  sand,  at 80 63 

2.02  bbls.  cement,  at 1.30 2.63 

Labor  1.83 

$5.93 

This  assumes  a  reduction  in  labor  of  33% 
per  cent.   Figuring  on   the  above  basis  the 
other  sizes  will  cost  as  follows : 
100— 8xl0xl6-in.     faced     blocks     will 

cost    $  7.46 

100— 8xl2xl6-in.     faced     blocks     will 

cost    8.55 

100— 8x8x24-in.     faced     blocks     will 

cost    9.00 

100— 8xl0,x24-in.     faced     blocks     will 

cost    10.63 

inO— 8xl2x24-in.     faced     blocks     will 

cost    12.21 

100— 8x8xl6-in.    blocks,    with    4    cts. 

profit  per  block,  can  sell  at 9.93 

Laving  in  wall  will  cost 3.00 


$12.93 
Equivalent  brick   (1,.333)   laid  in  wall 
at  $14  per  M $18.60 


Saving  on  every  100  blocks $  5.67 

100— 8xl2xl6-in.    blocks,    with    4    cts. 

profit   cost    $12.55 

Laving  costs   4.00 


Saving  on  every  100  blocks $11.45 

100— 8.x8.x24-in.  blocks,  with  5c  profit 

per  block,  cost   $14.00 

Laying  costs    5.00 


Total  cost  in  wall $19.00 

Equivalent  brick   (2,000)   laid  in  wall 
at  $14  per  M $28.00 


Savings  on  every  100  blocks $  9.00 

100— 8xl2x24-in.    blocks,    with    7    cts. 

profit  per  block,  costs $20.65 

Laying  costs 7.00 


Total  cost  100  blocks  in  wall $27.65 

Equivalent  brick   (3,000)   laid  in  w^all 
at  $14  per  M $42.00 

Saving  on  every  100  blocks $14.35 

An  8-in.  monolithic  wall,  1 — 3 — 5,  figured 
on  a  basis  of  $1  per  cu.  yd.  for  gravel  and 
sand,  and  $1.50  per  barrel  of  cement,  will 
cost  about  $7.12  per  cu.  yd.  under  very  fair 
conditions. 

100— 8x8xl6-in.  faced  blocks  cost....$  5.93 
Laying  costs   3.00 


Cost  in  w^all   $  8.93 

Cost  per  cu.  yd 4.09 

Saving  per  cu.  yd.  in  favor  of  blocks.     3.03 
.\   10-in.  monolithic  wall  will  cost  $6.52 
per  cu.  yd. 

100— 8xl0xl6-in.  faced  blocks  cost...$  7.46 
Laving  costs   3.50 


Cost  in  the  wall $10.96 

Cost  per  cu.  yd 3.99 

Saving  per  cu.  yd.  in  favor  of  blocks.     2.53 
A  monolithic   12-in.   wall  will  cost  $5.02 
per  cu.  yd. 

100— 8xi2xl6-in.  faced  blocks  cost...$  8.55 
Laving  costs   4.00 


Cost  in  the  wall ' $12.55 

Cost  per  cu.  yd.  of  wall $  3.82 

Saving  per  cu.  yd.  in  favor  of  blocks.  1.20 
100— 8.x8.x24-in.  faced  blocks  cost....  9.00 
Laving  costs   5.00 


Cost   in  the  wall $14.00 

Cost  per  cu.  yd.  of  wall 4.27 

Saving  per  cu.  yd.  in  favor  of  blocks.  2.85 
100— 8xl0.x24-in.  faced  blocks  cost. .  .$10.63 
Laving  costs    6.00 


Cost  in  wall   $16.63 

Cost  per  cu.  yd.  of  wall 4.05 

Saving  per  cu.  yd.  in  favor  of  blocks.  2.47 
100— 8xl2x24-in.  faced  blocks  cost. .  .$12.21 
Laving  costs   7.00 


Total 


676.00 


$16.55 


Cost  in  the  wall   $19.21 

Cost  per  cu.  j'd.  of  wall 3.89 

Saving  per  cu.  yd.  in  favor  of  blocks.  1.13 
I  desire  to  call  your  attention  to  the  fact 
that  the  above  figures  are  based,  in  the  one 
case,  on  cement  blocks  in  a  finished  wall, 
while   in  the  case  of  the  monolithic   wall. 
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the  stiprrlicial  surfaces  still  have  to  be 
taken  care  of,  which  adds,  natiiraily,  to  the 
cost,  and  which  is  not  incliidcil  in  the  above 
figiires.  These  figures,  therefore,  show 
how  much  cheaper  concrete  block  walls 
are  than  the  solid  monolithic  walls,  and 
the  alMive  figures  are  on  the  plainest  kind 
of  monolithic  work,  and  do  in  it  take  into 
account  any  reinforcing, 

Cnsl  of  ir/ii/i-  Fiuiiit:  for  Ccmcnl  Blocks. 
— The  cost  of  white  cement  for  white 
facing  is  nearly  2%  cts.  per  block.  8x8x1(1 
ins.,  and  should  be  figured  at  .'(%  els,  per 
block  8x8x21  ins,  on  the  basis  of  $."i  per 
barrel   fur  white  cement. 

White  sand  will  cost  about  1  ct,  for  the 
Iti-iu,  blocks  and  1V6  cts,  for  the  2-l-in. 
blocks.  This  is  figured  on  a  facing  of  1 
cement  to  2  sand,  facing  to  be  %  in,  thick. 

Before  I  leave  the  subject  of  costs  in 
cement  block  construction  I  desire  to  call 
particular  attention  to  the  antagonism  to 
the  use  of  concrete  blocks  by  bricklayers 
and  masons  generally.  It  is  a  conceded 
fact.  I  believe,  that  cement  blocks  can  be 
laid  in  the  wall  nearly  one-half  as  fast 
again  as  the  same  number  of  brick.  There 
is  undoubtedly  a  distinct  and  determined 
eflfort  on  the  part  of  bricklayers  and  masons 
to  prevent  the  use  of  cement  blocks  wher- 
ever it  is  possible  to  discard  them,  and  this 
association  should  take  this  matter  in  hand 
and  endeavor  to  have  passed  a  regulating 
scale  for  the  laying  of  cement  blocks,  that 
would  permit  equitable  and  fair  treatment. 
The  bricklayer  is  paid  by  the  hour,  and  it 
seems  to  me  it  should  not  matter  to  him 
whether  he  lays  blocks  or  brick.  But  he 
does — and  I  am  constrained  to  believe  that 
the  genesis  of  the  bricklayer's  objection  lies 
in  the  brick  manufacturer,  who  exerts  his 
antagonism  through  the  tentacles  of  the 
Bricklayers'  Union,  or  Association, 

I  may  say  from  personal  knowledge,  that 
it  is  a  difficult  matter  to  have  cement 
blocks  laid  in  many  cities;  they  won't  touch 
them.  They  frequently  excuse  themselves 
on  the  ground  that  it  cuts  down  their 
wages.  This  explanation  is.  however,  fu- 
tile, in  view  of  the  fact  that  these  workmen 
are  paid  by  the  hour,  irrespective  of  the 
number  of  blocks,  or  brick,  laid,  and  T  think 
the  time  is  propitious  for  taking  up  this 
subject  in  an  intelligent,  aggressive  way. 
and  arranging  this  matter  upon  a  basis  that 
shall  he  fair  alike  to  the  employer  and  the 
employed. 

The  submission  of  the  figures  I  have 
quoted  above,  and  the  showing  in  reduced 
costs  of  the  complete,  thoroughly  equipped 
plant,  brings  up  the  question  of  the  proper 
equipment  of  a  complete  and  up-to-date 
pl.iut.  and  the  profit  to  be  made  by  con- 
•lucling  such  an  establishment.  My  experi- 
ence has  proven  that  this  business,  pniperlv 
conducted,  with  a  plant  properly  equipped, 
is  a  very  profitable  one  indeed.  As  a  mat- 
ter of  fact.  I  know  of  no  business  today 
in  which  a  man  can  engage  with  such  as- 
surance  of  success,   and   with   so  small  an 


investment  to  begin  with,  as  in  the  cement 
bliK-k  business. 

I  desire  to  call  your  attention,  however, 
to  the  fact  that  it  is  just  as  necessary  to 
exercise  good  judgment  and  ccniinon  sense 
in  the  conduct  of  this  business  as  it  is  in 
any  other.  As  a  matter  of  fact,  the  great 
lack  of  ordinary  business  judgment  and  or- 
dinary business  method  has  been  one  of  the 
great  causes  in  the  past  for  many  of  the 
failures  which  have  taken  place, 

.\  good,  complete  plant  should  be  well 
laid  out,  with  sufficient  buildings  and  suffi- 
cient yard  room  in  which  to  conduct  the 
business  satisfactorily  atid  econnmicall). 
Flevators  should  be  used  to  elevate  the 
materials  above  the  mixing  machines ; 
mixers  arc  essentially  necessary:  power 
tampers  should  be  installed,  and  I  believe 
the  future  will  demonstrate  that  cement 
blocks  should  be  cured  by  high  pressure 
steam,  I  believe  the  tests  which  were  car- 
ried out  at  St,  Louis,  and  which  have  been 
conducted  for  some  time  past,  have  con- 
clusively proven  that  there  is  a  method  of 


A  New  Traction  Coacrete  Mixer. 

On  many  classes  of  work  a  mixer  which 
will  transport  and  mix  concrete  in  one 
operation  lias  an  important  field  of  utility 
The  mixer  shown  by  the  accompanying 
cut  is  of  this  kind.  It  consists  of  a  mixing 
drum  mounted  on  traction  wheels,  and  pro- 
vided with  a  frame,  thills  and  scat  for 
operation  by  a  horse  and  driver.  The  revo- 
lution of  the  traction  wheels  as  the  ve- 
hicle is  hauled  along  rotates  the  drum  and 
mixes  the  concrete;  the  arrangement  is 
such  that  the  batch  is  turned  twice  for  each 
revolution  of  the  traction   wheels. 

With  this  traction  mixer  the  engine  and 
wheel-barrows  are  dispensed  with  and  a 
horse  and  boy  driver  are  used,  .\ll  one 
needs  to  do  is  to  drive  up  to  the  sand  or 
stone  pile,  load  up  the  mixer  with  sand  and 
cement  and  add  water ;  drive  about  25 
yards  to  the  work,  and  the  contents  of  the 
mixer  will  be  mixed  iK-tter,  it  is  stated, 
than  if  turned  over  six  times  en  the  board 


Eurrell    Traction    Concrete    Mixer. 


steam  curing,  under  pressure,  that  is  .safe 
and  sound,  and  that  this  method  produces 
results  that  are  really  astonishing, 

I,  therefore,  wish  to  say,  in  closing  this 
paper,  that  the  future  for  cement  blocks 
is  most  promising.  Indeed,  the  use  to  which 
this  material  will  be  put  will  be  of  the 
widest  character,  and  it  is  difficult  to  ex- 
aggerate the  importance  of  cement  blocks 
in  future  construction  work.  Their  manu- 
facture is  a  business  in  which  great  profit 
can  be  made:  it  is  a  business  which  is 
worthy  of  the  hightest  craft  and  care,  and 
if  you  will  perform  your  share  in  turning 
out  blocks  of  acceptable  design  to  the  archi- 
tect, blocks  of  good  appearance,  well  cured 
and  which  will  be  impervious  to  moisture, 
I  say  to  you,  you  will  one  d.iy  reap  the 
harvest  you  have  worthily  prepared. 


Spain  lead  in  IfH>8  in  the  production  of 
quick  silver,  a  total  of  I.2»K>  tons  Inring 
produced  by  that  country. 


with  hoe  and  shovel.  By  tlic  time  one  has 
driven  25  yards  he  should  be  at  the  point 
where  he  wants  the  concrete.  The  man 
who  spreads  the  concrete  pulls  the  drum 
backwards  by  means  of  a  lever  provided 
for  this  purpose,  and  discharges  the  con- 
tents of  the  drum.  The  boy  drives  up  to 
the  stone  or  sand  pile  again  to  reload  the 
machine.  The  cost  of  spre.iding  the  con- 
crete is  reduced  as  the  concrete  mixture  is 
dumped  in  a  pile  48  ins.  long  anil  about  6 
ins.  high,  leaving  very  little  work  for  the 
man  who  spreads  the  concrete. 

With  two  men  to  load  the  mixer,  one  to 
spread  the  concrete,  and  a  l)oy  to  drive  the 
horse,  it  is  slated  that  from  3on  to  4i)0  sq 
yds.  of  concrete,  6  ins  thick,  can  lie  put  in 
in  H>  hours. 

The  mixer  can  also  be  used  for  other 
work  by  making  a  platform  the  same  as 
for  mixing  with  a  hoe  or  shovel.  Drive  on 
to  the  board,  un'oad,  and  wheel  or  shovel 
the  concrete  to  where  it  is  wanted.  Even 
with  this  method,  it  is  said  the  mixer  will 


86 


ENGINEERING-CONTRACTING 


\"ol.  XXXI.     Xo. 


handle  material  cheaper  than  any  other 
method. 

The  makers  state  that  they  are  now  mak- 
ing plans  to  place  this  traction  mixer  on 
a  car  propelled  by  a  gasoline  engine,  so  as 
to  mix  material  at  the  same  time  it  is  car- 
ried to  the  job,  for  use  in  laying  founda- 
tions for  railroad  ties  for  electric  or  steam 
roads.  The  proposed  plan  is  to  run  the 
mixer  alongside  a  flat  car  and  load  the 
sand  or  gravel  into  the  mixer  and  carry  it 
from  the  fiat  car  to  where  it  is  wanted,  and 
mix  it  while  in  transit. 

This  mixer  is  made  by  the  Burrell  Manu- 
facturing Co.,  of  Bradley,  111. 


Coming  Conventions  of  Interest  to 
Cement  Users. 

The  following  associations  of  cement 
users  will  hold  conventions  during  the  next 
few  weeks  for  the  discussion  of  subjects 
relating  to  the  manufacture  and  use  of 
cement  products  and  for  the  exhibition  of 
machinery  and  tools  for  concrete  work: 

lozira  Association  of  Cement  Users. — 
Convention  at  Des  Moines,  la.,  on  Feb.  2, 
3  and  4,  1909.  Convention  haU-at^  the 
Savery  Hotel,  Locust  and  Fourth  streets ; 
exhibition  hall  at  the  Curzon  Building  on 
Court  avenue,  between  Second  and  Third 
streets.  Sessions  will  be  held  on  the  after- 
noon of  Feb.  2,  morning  and  afternoon  of 
Feb.  3,  and  morning  of  Feb.  4.  Exhibits 
should  be  addressed  to  Exhibition  Hall, 
Curzon  Building,  Des  Moines,  la.  Blank 
applications  for  exhibition  space  may  be 
secured  from  Secretary,  Ira  A.  WilHams. 
Ames,  la.,  to  whom  remittance  and  re- 
quests for  information  should  be  ad- 
dressed. 

Nebraska  Cement  Users  Association. — 
Convention  at  Lincoln,  Neb.,  on  Feb.  10, 
11  and  12,  1909.  Convention  hall  at  the 
Lindell  Hotel,  13th  and  M  streets;  exhibi- 
tion hall.  Auditorium,  13th  and  M  streets. 
The  exhibition  will  be  restricted  to  arti- 
cles not  for  sale;  no  patented  articles  will 
be  allowed  among  the  exhibits ;  no  fee  will 
be  charged  for  exhibition  space.  Secretary 
I.  E.  Walenpaugh,  Lindell  Hotel,  Lincoln, 
Neb.,  should  be  addressed  for  exhibition 
blanks  and  information. 

Cement  Products  E.vhibition  Co. — The 
exhibition  will  be  held  at  the  Coliseum, 
Chicago,  111.,  Feb.  18  to  24,  1909.  No 
technical  meetings  are  held,  the  occasion 
being  solely  an  exhibition  of  cement  ma- 
chinery, tools  and  products.  This  is  per- 
haps the  largest  exhibition  of  the  kind 
held  in  the  Ignited  States  and  the  visitor 
is  certain  of  seeing  examples  of  practically 
all  classes  of  cement  machinery  and  ce- 
ment products.  Address  Cement  Products 
Exhibition  Co.,  115  Adams  St.,  Chicago, 
111. 

Northwestern  Cement  Products  Associa- 
tion.— Convention  at  Minneapolis,  Minn., 
March  2  and  3.  1909.  Convention  and  ex- 
hibition halls  at  the  Armory.  Secretary, 
J.  C.  Van  Doom,  Minneapolis,  Minn. 


Methods    and  Cost  of  Constructing  a 
Reinforced  Concrete  and 
Highway  Bridge.* 

The  bridge  had  a  clear  span  of  30  ft. 
and  an  80-ft.  roadway.  The  arch  ring  was 
8  ins.  thick  at  the  crown  and  12  ins.  thick 
at  skewbacks,  with  a  rise  pf  approximate- 
ly 6  ft.  It  rested  on  12-in.  abutment  walls 
with  centerposts  and  21-in.  footing  slabs. 
The  spandrel  walls  were  12  ins.  thick  and 
reached  well  beyond  the  abutment  walls 
on  each  side,  the  free  ends  having  inside 
counterforts.  The  height  of  the  abutment 
walls  from  skewback  to  water  level  was 
12  ft.  These  walls  were  continued  be- 
yond the  faces  of  the  spandrel  walls  by 
wing  walls,  which  held  the  slopes  of  the 
deep  fill  from  the  channel.  This  fill 
reached  to  a  height  of  4  ft.  above  the 
crown  of  the  arches.  All  walls  were  found- 
ed on  piles.  There  were  872  cu.  j'ds.  of 
concrete  in  the  structure.  The  general  de- 
sign was  made  by  City  Engineer  M.  P. 
Blair,  St.  Boniface,  Manitoba,  where  the 
bridge  was  built  and  the  reinforcement 
was  designed  and  supplied  by  Clarence  W. 
Xoble,  Winnipeg,  Manitoba.  The  rein- 
forcement was  high,  carbon  square  twisted 
steel  bars.  The  work  was  done  by  day 
labor  by  the  city  engineer  and  cost  as  fol- 
lows : 

Foundations.  -'  Total  Cost. 

•5,336       cu.     vds.       excavation       at 

38.2    cts.    .' $2,034.03 

6,060  lin.  ft.  piling  at  14.7  cts 893.8o 

Driving  piles   at  15%   cts.   per   lin. 

ft.**  939.30 

Total $3,867.78 

Per 
Concrete  Materials.  Total.  Cu.Yd. 

1,446  bbls.  cement  at  $2.45. .  .$3,543    $4,063 
872  cu.  yds.  aggregate  f.  o.  b. 

cars  at  $1 872      I.OOO 

Lumber   for   forms,   etc.    (1/3 

of   $1,491)     497      0.570 

Reinforcing  bars    1,418      1.626 

Totals $6,330  $7,259 

Labor. 

Labor  on  forms   .-..7 $   652  $0.74 

Placing  reinforcement    129  0.148 

Hauling  aggregates    323  0.371 

Mixing  and  placing  concretef  1,408  1.614 

Finishing    concrete    work ....        56  0.064 

Erection    of    mixer 61  0.070 

Totals $2,629  $3,014 

Supplies. 

Coal    $     24  $0,027 

Oil   for    forms 31  0.035 

Totals $     55    $0,062 

Grand    totals     for     concrete 

work    $0,014  $10,335 

The  work  was  carried  on  under  consid- 

•Condensed  and  rearranged,  with  addition- 
al data,  from  the  "Canadian  Engineer,"  Jan. 
15.  1909. 

**Pile  driving  was  subcontracted. 

tThis  item  also  includes  bracing  and  gen- 
eral labor. 


crable  difficulty.  The  excavation  was  in- 
terrupted by  frequent  rains,  and  the  banks- 
slipped,  causing  the  handling  of  consider- 
able additional  material.  The  work  of 
driving  piles  was  also  frequently  interrupt- 
ed by  rain,  and  as  a  consequence  the  ex- 
tra work  of  placing  concrete  did  not  startr 
until  late  in  the  fall,  and  had  to  be  prose- 
cuted by  two  shifts,  working  day  and' 
night,  Sunday  included,  until  it  was  fin- 
ished. The  conditions  are  reflected  in  the- 
high  unit  cost  of  excavation.  The  cost  of 
placing  reinforcing  bars  is  about  typical, 
while  the  cost  of  placing  concrete  at  $1.6! 
per  yard  is  abnormal,  owing  to  the  fact 
that  in  this  item  is  charged  considerable- 
general  labor,  which  could  not  be  other- 
wise  apportioned. 

The  specifications  originally  contemplat- 
ed the  use  of  crushed  limestone,  but  there 
was  submitted  to  the  engineer  samples  of 
very  good  gravel  at  a  price  of  $1  per  cu. 
yd.  This  gravel  was  clean,  and  contained' 
enough  sand  to  fill  the  voids  without  addi- 
tional material ;  in  fact,  some  of  it  con- 
tained slightly  too  much  sand.  The  cost- 
of  sifting  out  the  coarse  material  and  again- 
sifting  out  the  fine  material,  and  then 
mixing  the  two  together  in  the  proper 
proportions  was  found  to  be  32  cts.  per 
cu.  yd.  This  was  used  for  all  arch  con- 
crete, but  for  abutments  the  mix  of  the 
gravel  as  delivered  was  deemed  satisfac- 
tory, as  it  did  not  vary  greatly  from  the- 
proper  proportions.  The  footings  were 
made  of  crusher  rock  dust  and  limestone, 
which  had  been  owned  by  the  city  for  sev- 
eral years.  This  material  is  considered  as- 
costing  the  same  as  gravel. 


The  eleven  Lidgerwood  unloaders  in  the 
Central  Division  of  the  Isthmian  Canal 
during  the  month  of  December  unloaded  a 
total  of  2,821  trains  composed  of  a  total  of 
49,113  cars.  Of  this  number,  1,367  trains 
composed  of  23,249  cars  were  unloaded  by 
the  five  unloaders  at  Tabernilla;  725  trains, 
composed  of  12,750  cars,  were  unloaded  by 
the  three  unloaders  at  the  Miraflores 
dumps,  and  729  trains,  composed  of  13,114 
cars,  were  unloaded  by  three  unloaders  at 
La  Boca.  As  all  the  cars  were  of  20-yd. 
capacity  the  material  unloaded  represented' 
about  982,260  cu.  yds.,  states  the  Canal  Rec- 
ord. In  addition,  there  were  2,638  West- 
ern dump  cars,  containing  about  44,000  cu.- 
yds.  of  material,  unloaded  at  the  La  Boca' 
dumps  during  the  month. 


During  the  field  season  of  1908  the  topo- 
graphers  of   the   United    States    Geological' 
Survey   mapped   26,994   square   miles — 6,024 
square  miles  in  the  Atlantic  division,  6,069' 
square  miles  in  the  Central  division,  3,875- 
square  miles  in  the  Rocky  Mountain  divi- 
sion, and  11,026  square  miles  in  the  Pacific 
division.     The  surveys  included  work  in  32" 
States   and   Territories,  much   of   it  in   co- 
operation  with   States,  which  pay  one-half" 
its    cost,    the    National    Survey    paying   the- 
other  half. 
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licirth  and  Ruck  Section 


Nulc:  I  his  Scc'.ion  isjcxotcd  to  methods  and  costs  of  cxcavatint;  earth  and 
rock  and  huilJin;;  cnihankmL-nts.  It  will  c«\cr  the  Kradini;  of  roads  and  rail- 
roads, diking  and  canal  work,  dredKinc  building  rcser\oirs  and  earth  dams, 
scwi-r  anil   water  pipe  Irciichin;;.  giiarr%inK,  etc. 


Comments  on  the  Use  of  Wagons  in 
Transporting  Earth. 

For  short  liaiiU  wlicclbarruws,  scrapers 
jnd  carts  arc  used  for  transporting  earth, 
but  when  the  distance  becomes  such  as  to 
make  their  use  too  expensive,  small  cars  or  . 
wagons  are  employed.  The  use  of  cars 
will  be  considered  at  some  other  time,  for 
the  present  we  will  confine  our  comments 
to  the  use  of  wagons  for  earth  excavation. 

A  decade  ago  wagons  were  used  com- 
paratively little,  but  since  then  vast  im- 
provements have  been  made  in  wagons  and 
also  in  the  machinery  for  loading  them. 
Earth  at  one  time  was  nearly  always  load- 
ed by  hand  with  shovels,  but  today  wagons 
are  loaded  with  elevating  graders,  with 
trench  excavating  machines,  with  steam 
shovels  and  with  special  loading  devices. 
In  order  to  guide  the  material  into  the 
wagon  bed,  there  have  been  devised  various 
kinds  of  chutes  and  hoppers,  into  which 
the  earth  is  lirst  loaded.  Then  wagons  are 
often  loaded  by  means  of  scrapers  through 
traps  and  by  dump  buckets  or  skips  op- 
crated  by  derricks  or  cable  ways. 

Our  first  consideration  will  be  the  differ- 
ent styles  of  wagons  and  then  comment 
will  be  made  upon  the  method  of  loading 
them.  The  first  style  of  wagon  used  for 
earth  transportation  was  the  kind  new- 
found in  common  use  in  most  sections  of 
the  country  on  farms.  This  wagon  con- 
sists of  the  ordinary  running  gear  with 
front  and  back  wheels  connected  by  a 
coupling  pole,  and  with  wheels  having,  as 
a  rule,  2-in.  tires.  The  body  is  a  rectangu- 
lar box,  made  of  1-in.  planed  boards, 
boimd  on  top  with  strap  iron.  Such  a 
wagon,  not  being  made  specifically  for 
earth  work,  is  quickly  knocked  to  pieces, 
especially  the  body  or  wagon  bed.  The 
narrow  tread  of  the  wheels  on  soft  roads 
quickly  cuts  up  the  roads  into  ruts  and 
makes  the  work  very  hard  for  the  horses. 
These  were  all  objections  to  the  use  of 
this  style  of  wagon,  but  one  greater  than 
any  nf  these  was  the  fact  that  all  the  ma- 
terial had  to  be  shoveled  out  of  the  wagon. 
At  the  end  of  the  body  near  the  tail  gate, 
two  men  could  rapidly  push  out  in  the 
square  pointed  shovels  about  one-quarter  of 
the  load,  but  the  rest  of  the  earth  had  to 
be  shoveled  over  the  sides  in  exactly  the 
same  manner  as  earth  is  shoveled  into 
wagons.  To  overcome  this  difficulty  it  be- 
came the  custom  to  cut  holes  in  the  bottom 
of  the  wagon  about  a  foot  wide  and  2  ft. 
long,  one  in  the  fore  part  of  the  body  and 
one  near  the  middle.  A  small  board  was 
put  over  these  holes,  when  the  wagon  was 
loaded,  and  then  by  lifting  up  these  boards 


by  means  of  a  pick,  a  great  mass  of  the 
earth  fell  through  the  holes,  while  the  rest 
of  the  load  was  quickly  pushed  by  shovels 
through  them  or  out  of  the  tail  gate.  This 
reduced  the  time  necessary  to  unload  such 
a  wagon  by  one-half,  but  even  with  this 
improvement  the  cost  of  dtiuiiiiiii;  or  un- 
loading remained  excessiv« 

This  idea  of  dumping  thruugli  ilie  bot- 
tom brought  into  use  "the  slat  bottom 
wagon."  This  consisted  of  the  same  style 
of  running  gear,  but  the  body  bought  with 
the  wagon  was  taken  off  the  bolster,  or 
the  wagon  was  bought  without  a  body  or 
bed.  On  the  bolster  of  the  wagon,  2x4- 
in.  scantlings  were  placed  to  make  the  bot- 
tom of  the  wagon  body,  these  pieces  being 
known  as  "the  slats,"  and  two  12  or  14-in. 
boards  were  used  as  the  sides  of  the  body. 
The  slats  and  the  side  boards  were  all 
drawn  down  with  a  draw  knife  on  each 
end  to  a  handle,  of  a  size  easy  to  grip  by 
a  man.  In  cities,  in  order  to  prevent  the 
earth  from  spilling  from  either  the  front 
end  or  the  rear  of  the  wagon,  cleats  were 
nailed  on  each  side  board  near  the  two 
ends,  so  as  to  hold  in  place  two  end 
boards  cut  to  the  proper  length.  These 
end  boards  had  hand  holes  cut  in  them  so 
that  they  could  be  readily  pulled  out.  when 
it  was  desired  to  do  so. 

When  the  slats  were  all  in  place  and  the 
side  boards  placed  against  the  standards  on 
the  bolsters,  the  wagon  was  ready  to  be 
loaded.  To  unload  the  wagon  at  the 
dump,  the  driver  stands  on  hounds  of  the 
wagon,  where  the  tongue  fits  into  them, 
while  the  dump  man  stands  on  the  ground 
at  the  rear  of  the  wagon.  Each  grabs 
hold  of  the  handles  on  one  of  the  side 
boards  and  lifts  it  up,  thus  spilling  some 
of  the  earth  from  the  wagon.  The  other 
side  board  is  then  raised.  These  boards 
arc  placed  on  top^  of  the  earth  still  remain- 
ing in  the  wagon.  Then  each  slat  is  raised 
in  the  same  manner  and  in  from  two  to 
three  minutes  the  load  is  thus  dumped.  .Ml 
the  earth  falls  clear  of  the  wagon,  except 
a  small  amount  that  falls  rnto  the  coupling 
poles  and  running  gear,  which  is  shaken 
off  by  the  motion  of  the  wagon,  as  it  starts 
to  leave  the  dump.  When  end  boards 
are  used  in  the  wagon  these  arc  first 
pulled  out  by  the  driver  of  the  team,  be- 
fore the  sides  are  raised.  These  boards 
should  never  be  used  on  work  in  the  coun- 
tr>',  especially  on  comparatively  short 
hauls,  as  they  retard  the  work  of  dumping 
the  load,  and  the  time  thus  wasted  may 
mean  that  another  wagon  will  have  to  be 
put  in  the  run.  On  long  hauls,  especially 
in  cities,  a  larger  lon.l  .-nn  be  carried  with 


the  aid  of  the  end  boards,  and  the  earth 
is  kept  from  spilling  onto  the  streets. 
When   these  end   boards  arc  not   used,  the 

'   14  ins. 

^•wn  on 
'    ■  c   of   the   slats,   which 

"''I  in  place  as  the  wagon 

IS  being  loaded,  and  still  give  a  wagon 
body  12  ins.  deep.  This  allows  a  greater 
load  to  be  carried,  as  if  the  side  boards 
rest  on  top  of  the  slats,  which  arc  used 
with  the  4-in.  way  resting  on  the  bolsters, 
the  side  boards  must  be  placed  at  a  slight 
angle  with  the  standards,  to  prevent  thetn 
from  falling  and  thus  interfere  with  the 
loading  of  the  wagon. 

The  side  boards  should  be  reinforced  on 
the  outside  with  four  cleats  or  pieces  of 
battens,  about  2  ins.  wide.  Two  of  these 
should  be  nailed  near  each  end,  one  on 
each  side  of  where  the  side  board  rests 
against  the  standards.  These  battens  not 
only  reinforce  the  sides  and  prevent  them 
from  being  split  or  broken,  but  also  show 
the  driver  the  exact  position  in  which  to 
place  the  side  boards  and  the  slats,  both 
side  boards  and  slats  being  of  the  same 
length,  so  as  to  bring  the  load  directly  over 
the  wheels,  and  prevent  the  body  interfer- 
ing with  the  free  action  of  the  horses,  or 
having  the  wagon  bed  stick  out  too  far  be- 
yond the  rear  wheels.  TTiis  is  an  impor 
tant  matter. 

It  was  soon  found  that  the  ordinary 
running  gear  of  a  farm  wagon  was  built 
too  light  for  use  with  slat  bottom  body, 
and  the  narrow  tread  wheels  cut  up  the 
roads  and  runways  too  quickly,  so  wagon 
manufacturers  made  a  heavier  running 
gear  with  wheels  of  3  and  4-in.  tread  for 
contractors'  use  for  earth  excavation  and 
other  hauling  for  construction  work. 
Brakes  are  seldom  used  on  such  wagons 
as  there  is  no  regular  body  on  which  the 
rod  and  handle  can  be  run  to  the  front  of 
the  wagon  to  the  driver's  position,  and  it 
is  not  possible  for  him  to  drive  his  team 
to  advantage  from  the  rear  of  the  wagon, 
where  he  can  attend  to  the  brake.  The 
brake  handle  also  interferes  with  the  load- 
ing of  the  wagon,  especially  if  the  handle 
sticks  up. 

.•\  slat  bottom  wagrn  bed  is  generally 
made  of  such  dimensions  as  to  allow  of  the 
body  holding  I  cu.  yd.  struck  measure.  To 
do  this  the  coupling  pole  that  is  ordinarily 
put  in  the  wagon  by  most   ni  rs 

has  to  be  lengthened.     Such  .1  n 

liody  when  loaded  heaping  full  will  gener- 
ally carry  1  cu.  yd.  place  measurement, 
esprci.Tily  if  end  boards  are  used. 

When  the  wagon  is  dumped  the  driver 
should  leave  the  dump  before  placing  the 
sides  or  slats  in  position,  as  the  jarring 
from  the  motion  of  the  moving  wagon 
when  it  is  empty  will  generally  displace 
them.  The  slats  and  sides  should  be  put 
in  place  just  before  the  wagon  enters  the 
cut  or  pit  to  ht  loaded. 

For  general  use  for  hauling  earth,  the 
ii.iirniiil  dump  wagons  are  rapidly   taking 
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the  place  of  the  slat  bottom  wagon.  The 
principal  reason  for  this  lies  in  the  fact 
that  the  load  is  almost  instantly  dumped, 
while  it  takes  from  two  to  three  minutes  to 
dump  a  slat  bottom  wagon.  Then,  too,  the 
patented  dump  wagon  is  made  of  larger 
carrying  capacity,  and  the  running  gear 
being  built  especially  for  hauling  earth  and 
rock  is  stronger,  and  for  work  in  the  coun- 
try the  tires  of  the  wheels  are  broad. 

However,  the  slat  bottom  wagon  will 
always  be  used  under  some  circumstances. 
For  instance,  a  contractor  may  have  only  a 
single  cut  in  which  he  may  have  to  use 
wagons  for  hauling  the  excavated  mate- 
rials. The  yardage  may  not  be  large 
enough  to  warrant  the  purchase  of  a  lot  of 
dump  wagons,  hence  already  having  on 
hand  other  wagons  for  hauling  lumber, 
coal,  pipe  and  other  supplies,  the  thing  that 
will  suggest  itself  will  be  to  put  slat  bot- 
tom beds  on  the  running  gears  already 
owned  and  use  them.  It  is  very  true  that 
to-day  patented  dump  wagon  bodies  could 
be  purchased  and  placed  on  the  running 
gears,  but  with  no  other  work  for  them  in 
the  future,  it  is  doubtful  if  even  the  pur- 
chase of  the  bodies  will  be  justified.  This 
is  especially  so  if  the  haul  on  the  material 
is  long,  as  then  the  time  wasted  with  slat 
bottom  wagon  on  the  dump  is  small  com- 
pared to  the  time  consumed  in  making  the 
round  trip  with  the  wagon,  and  may  be 
justified,  as  horses  after  a  long  hard  pull 
need  a  few  minutes,  as  a  "breathing  spell." 
If  the  haul  is  short,  then  the  conditions 
may  make  the  purchase  of  the  dump  bodies 
economical.  Many  contractors  are  learn- 
ing that  to  have  a  half  dozen  of  these 
bodies  among  their  outfit  or  plant  is  a 
good  investment.  But,  as  stated  before, 
some  slat  bottom  wagons  will  always  be 
used. 

Nearly  all  dump  wagons  are  covered  by 
patents.  There  are  a  large  number  of  these 
patented  dump  wagons  on  the  market, 
each  varying  in  some  detail  or  other  from 
the  others,  yet  they  can  be  divided  into 
three  classes  or  styles:  (1)  Bottom  Dump; 
(2)    End  Dump;    (3)   Special  Dump. 

The  first  class  is  the  largest,  and  is  fa- 
miliar to  most  men  engaged  in  construc- 
tion. The  bottom  of  the  wagon  is  divided 
into  two  doors,  in  the  most  cases  hinged 
to  the  sides  of  the  wagon,  and  joining  in 
the  center  of  the  body.  These  doors  are 
made  of  either  steel  or  wood,  and  are  held 
in  position  by  means  of  chains  that  wind 
around  a  bar  or  spools.  A  lever  and  a 
ratchet  winds  up  the  doors  to  their  proper 
position  for  carrying  a  load.  This  can  be 
done  by  the  driver  while  the  wagon  is  in 
motion.  To  dump  the  load,  a  lever  is 
thrown  to  release  a  fall  in  the  ratchet,  the 
weight  of  the  load  thus  forcing  open  the 
doors,  and  dumping  itself  from  the  wagon 
body.  It  is  not  necessary  to  stop  the  wagon 
in  dumping,  unless  it  is  desired  to  dump 
all  the  load  in  some  particular  spot. 

Bottom  dump  wagons  are  made  in  from 
1  to  5  cu.  yds.  capacity  and  are  built  both 


of  wood  and  steel.  The  front  wheels  of 
these  wagons  in  turning  go  under  the 
body,  with  the  result  that  a  team  can  turn 
in  its  own  length.  This  is  an  important 
consideration  in  building  narrow  and  high 
embankments,  as  it  is  then  possible  for  the 
team  to  travel  out  on  the  embankment  and 
return  to  the  loading  pit  over  the  same 
runway.  The  driver  sits  on  the  front  of 
the  wagon,  a  seat  being  provided  for  him 
convenient  to  the  levers  he  has  to  operate. 
As  the  body  is  permanent,  brakes  can  be 
provided  and  so  arranged  that  they  will  not 
interfere  with  either  the  loading  or  dump- 
ing. 

Improvements  in  dump  wagons  have  been 
rapid,  and  any  one  needing  wagons  has  a 
large  number  of  good  designs  from  which 
to  select.  The  essential  features  to  keep  in 
mind  in  buying  wagons  of  this  character 
are  several.  The  materials  from  which  it 
is  built  should  be  good.  The  wagon  should 
be  of  easy  draft;  one  that  pulls  hard  un- 
necessarily tires  the  horses.  The  inside  of 
the  body  or  bo.x  should  be  free  of  chains, 
bars  or  spools.  The  rear  and  front  chains 
on  the  doors  should  wind  up  at  the  same 
speed.  The  doors  should  lap  in  some  man- 
ner, so  as  to  be  tight  when  closed,  to  pre- 
vent leaking.  The  doors  should  hang  free 
when  released,  and  the  hinge  should  be 
such  as  to  allow  the  door  to  slide  away 
from  the  load,  or  else  the  doors  will  bind 
against  the  material  dumped  if  the  latter  is 
hard,  as  indurated  clay,  gravel  or  stone, 
thus  stalling  the  team  and  wasting  time. 
Tlie  dumping  device  should  be  of  simple 
design  so  as  to  release  the  load  instantly 
the  driver  grabs  the  lever.  A  slow  dump- 
ing device  adds  to  the  cost  of  spreading 
earth  on  the  dump,  as  the  loads  will  not  be 
deposited  in  the  places  designated  by  the 
dumps  man. 

End  dump  wagons,  like  the  bottom 
dump  wagons,  are  nearly  all  patented. 
They  can  be  divided  into  two  divisions, 
namely  those  with  tail  gates  and  those 
without  tail  gates.  Those  without  tail 
gates  generally  have  the  bodies  built  of 
steel,  and  the  body  is  built  of  such  a  shape 
that  the  load  is  discharged  by  gravity  when 
the  wagon  bed  is  tilted  for  dumping.  One 
advantage  that  this  style  of  wagon  pos- 
sesses is  that  none  of  the  load  can  spill 
or  leak  out  unless  too  much  of  a  load  is 
placed  on  the  wagon.  This  style  of  wagon 
is  not  often  used  for  earth  excavation  as 
tlie  wagon  is  quite  heavy,  and  owing  to 
the  shape  that  is  given  it,  so  it  will  dump, 
its  carrying  capacity  is  reduced. 

Those  with  tail  gates  are  used  for  earth 
transporation,  and  several  styles  of  this 
class  of  wagon  are  in  common  use  in  New 
York  city.  For  dumping  into  hoppers  or 
bins,  and  tlirough  chutes,  or  onto  scows 
and  barges  or  into  railroad  cars  they  are 
better  adapted  than  bottom  dump  wagons 
as  the  horses  can  be  backed  up  to  the 
dumping  place.  For  the  above  listed 
classes  of  work  and  for  dumping  on  piers 
and   wharves  this   style   of   wagon    is   well 


adapted.  This  class  of  wagon  can  also  be 
used  in  building  embankments  and  waste 
banks  by  back  dumping.  Some  end  dump- 
ing wagons  are  no  higher  than  bottom 
dump  wagons,  but  those  of  large  capacity 
nuist  sit  higher  from  the  ground  so  as  to 
give  room  for  tipping  in  dumping.  This 
makes  them  difficult  to  load  by  men  with 
shovels. 

There  are  now  in  use  in  different  sec- 
tions of  the  country  a  number  of  types  of 
special  dump  wagons.  Many  of  these  we 
expect  to  describe  later.  They  are  either 
designed  for  special  work  or  to  suit  special 
dumping  arrangements.  Some  dump 
,  through  the  bottom,  some  turn  over  in 
dumping,  and  others  must  be  used  with 
special  dumping  apparatus  or  must  be 
dumped  by  means  of  a  derrick  or  cableway. 

Dump  bo.xes  or  bodies  meant  to  be  used 
on  any  running  gear  are  either  bottom 
dumping  or  end  dumping.  The  bottom 
dump  ones  have  four  doors  instead  of  two, 
as  the  doors  cannot  be  very  wide  owing  to 
the  coupling  pole  of  the  running  gear  inter- 
fering with  their  movements.  The  regu- 
lar bottom  dump  wagon  does  not  have  a 
coupling  pole.  .  The  dump  boxes  are  quick- 
ly growing  in  favor  with  contractors  for 
earth   moving. 

(To  be  continued.) 


Loading    Blast    Holes     and     Driving 
Small  Drifts.- 

BY   GEORGE  C.    M'FARL.^NE.f 

.As  everyone  knows,  dynamite  is  deton- 
ated from  a  solid  into  a  gas  by  pressure. 
When  the  detonating  cap  lets  go  it  com- 
presses about  2  cu.  in.  of  the  surrounding 
mass  of  dynamite  sufficiently  to  cause  dis- 
sociation ;  the  transition  from  solid  to  gas 
must  occupy  a  definite  interval  of  time, 
about  one-twenty  thousandth  of  a  second. 
The  initial  explosion  of  one  or  two  cubic 
inches  of  dynamite  in  the  immediate  vicin- 
ity of  the  cap  would  generate  sufficient 
force  to  compress  the  entire  charge  to  the 
dissociating  pressure. 

Detonation  of  a  mass  of  black  powder  is 
effected  by  a  uniformly  expanding  zone  of 
flame  starting  from  a  spark.  With  dyna- 
mite detonation  is  accomplished  with  a 
succession  of  jolts  separated  by  impercepti-  . 
ble  but  definite  intervals  of  time.  This  ex- 
plains why  a  strong  cap  and  a  well  packed 
charge  give  definitely  better  results.  The 
strong  cap  detonates  enough  of  the  sur- 
rounding charge  to  make  a  strong  primary 
explosion.  When  the  charge  is  well 
tamped  the  primary  explosion  would  com- 
press two  or  three  feet  of  powder  to  the 
pressure  of  dissociation.  With  a  weak  cap 
and  poorly  compacted  dynamite,  it  is  con- 
ceivable that  it  might  take  three  or  four 
jolts  to  explode  the  whole  charge. 

The  reason  the  ground  around  the 
primer  is  badly  shattered  is  that  the  pri- 
mary explosion  of  an  ounce  or  so  of  dyna- 
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mite  hasn't  piiwcr  ciioimh  lo  spring  the 
rock  burdciii-d  on  ihi"  hoU-,  and  as  the 
tamping  is  lishtly  up  against  the  explosive, 
the  pressure  crushes  and  shatters.  In  the 
interval  that  precedes  tlie  detonation  of  the 
main  portion  of  the  charge  the  gas  from 
the  primary  explosion  blows  the  tamping 
back  an  inch  or  so  and  cushions  the  main 
explosion  to  a  certain  extent.  For  these 
reasons  I  believe  a  cap  should  be  in  the 
top  of  a  charge,  because  it  is  evident  that 
the  main  or  secondary  explosion  tears  the 
rock  out.  With  a  cap  on  top  a  small  part 
of  the  upper  end  of  the  charge  i.s  rendered 
useless  for  rock  breaking  purposes :  with 
the  cap  in  the  bottom  u  small  part  of  the 
bottom  of  the  charge  is  consumed  in  shat- 
tering the  bottom  of  the  hole.  With  a 
lifter  or  back  hole  it  wouldn't  make  a  par- 
ticle of  difference,  as  far  as  breaking 
ground  went,  where  the  cap  was ;  with  a 
cut  hole,  where  the  power  is  needed  on 
the  toe  of  the  hole,  a  cap  on  top  of  the 
charge  will  tend  to  put  the  locus  of  the 
principal  concussion  a  fraction  of  an  inch 
nearer  the  bottom  of  the  hole. 

TAMPINX. 

In  breaking  rocks  with  mud-caps,  I  find 
it  makes  a  very  material  difference  whether 
or  not  the  detonating  cap  is  placed  on  top 
of  the  dynamite.  The  most  effective  way 
to  break  a  rock  is  to  pick  out  a  little  de- 
pression and  form  a  wall  around  it  with 
plastic  clay ;  fill  this  crater  with  dynamite, 
lay  the  cap  on  the  center  and  cover  the 
whole  with  soft  clay.  If  the  cap  is  shoved 
down  into  the  dynamite  the  breaking 
power  of  the  mud  cap  is  lessened.  The 
only  possible  explanation  of  this  phenom- 
enon is  that  when  the  detonator  is  near  the 
bottom  of  the  dynamite,  the  detonation 
lifts  a  portion  of  the  explosive  bodily  from 
the  rock  before  it  bursts  into  gas.  High 
explosives  must  have  a  good  contact  with 
rock  which  it  is  desired  to  break.  When 
a  mud  cap  is  placed  on  top  of  a  stone,  the 
explosive  is  usually  plastered  down  tight 
against  it,  and  the  stone  is  broken  into 
several  fragments:  if  the  same  quantity  of 
explosive  were  poked  under  the  stone  it 
would  have  poor  contact  and  do  very  little 
execution.  This  is  the  reason  why  dyna- 
mite is  supposed  to  strike  down. 

In  regard  to  tamping  a  hole.  I  think  that 
ordinarily  8  or  10  ins.  of  clay  tamping  is 
enough.  Strong  cut  holes  require  more 
tamping  to  get  the  full  power  of  the  ex- 
plosive. Take  the  case  of  a  6-ft.  incut  hole 
in  the  face  of  a  drift,  the  hole  being  1% 
in.  in  diameter  and  loaded  with  3'2  ins.  of 
60-pcr  cent  explosive.  The  center  of  the 
charge  would  be  burdened  4  ft.  and  in 
hard  granite  or  trap  it  would  take  one 
two-thousandth  of  a  second  for  the  con- 
cussion to  travel  from  the  explosion  to  the 
free  face.  This  means  that  for  a  period 
of  one  two-thousandth  of  a  second  the 
gases  of  the  explosion  must  be  confined. 
At  the  end  of  the  period,  the  momentum 
imparted  to  the  rock  tears  it  away  from 
the  solid.     During  this  period  the  tamping 


will  be  .^ul)jecll•d  to  a  prcsuri  of  4.>i,i>0<i 
lbs.,  sufficient  to  force  18  ins.  of  clay  or  3 
ft.  of  water  tamping  ti  ins.  This  shows 
that  \K  ins.  of  clay  tamping  is  none  too 
much.  A  tJ-ft.  hole  burdened  :Ut  ins.  would 
kick  8  ins.  of  clay  tamping  back  6  ins.  be- 
fore the  rock  cleaved  from  the  solid. 

A  quick  way  to  lamp  up  a  round  of  holes 
is  to  have  one  of  the  muckers  make  a 
candle  box  full  of  clay  slugs  IV4  ins.  in 
diameter  and  4  or  5  ins.  long.  In  loading 
twist  a  piece  of  paper  around  one  end  of 
the  slug  and  they  are  easily  shoved  in  and 
rammed  home  with  the  loading  stick.  I 
think  the  best  results  are  obtained  by  put- 
ting in  18  ins.  of  tamping  for  the  incut 
holes  and  14  ins.  for  the  other  holes.  Us- 
ing a  2-ins.  time  interval  on  the  fuses,  the 
fire  in  the  fuse  will  be  several  inches  in 
the  tamping  before  an  adjacent  hole  goes 
oflF.  It  is  no  uncommon  thing  for  a  hole 
to  kick  off  2  or  3  ft.  of  another  hole;  as 
long  as  the  fuse  was  burned  down  into 
the  tamping  and  firmly  bedded  in  a  foot  or 
so  of  clay,  the  spent  fuse  would  break  in 
case  a  collar  blew  off;  otherwise  the  fuse 
might  be  pulled  out  of  the  hole.  I  noted 
H  case  in  which  one  hole  cut  another  hole 
off  in  the  middle  of  the  powder  charge; 
the  hole  had  pulled  back  to  a  slip  and  the 
dynamite  was  cut  so  smoothly  that  there 
was  no  sign  of  a  hole  on  the  slip  until  one 
of  the  men  stuck  his  pick  into   it. 

This  cutting  off  of  holes  is  a  prolific 
source  of  accident.  If  the  holes  are  over- 
loaded as  they  often  are,  powder  is  thrown 
in  the  muck.  Of  course,  there  is  no  meth- 
od of  blasting  that  will  eliminate  accidents 
altogether,  because  things  are  liable  to  hap- 
pen in  blasting  a  round  of  holes  that  no 
man  can   foresee. 

IIRIFTINC    .^.^■^)    CROSSCL'TTINC. 

In  driving  drifts  and  crosscuts  where 
there  are  no  good  slips  or  floors  to  break 
to,  the  "V"  or  pyramid  incut  will  be  found 
to  be  the  most  satisfactory.  In  narrow 
drifts  four  holes  will  be  enough  and  they 
should  be  drilled  so  that  the  points  nearly 
or  quite  intersect.  In  drifting,  I  think  the 
double-screw  column  is  much  handier  than 
a  cross-bar,  although  it  takes  longer  to  rig 
up  on  a  column  than  it  docs  on  a  bar.  In 
uneven  ground,  the  machine  often  runs  up 
or  down  on  a  hole;  with  a  column  and 
arm  it  is  possible  quickly  to  adjust  the 
machine  for  alignment  and  often  prevcn' 
the  steel  from  fitchering  and  running  tight. 
In  very  tight,  bard  groimd,  it  pays  to  set 
the  colunm  as  close  to  the  face  as  the  ma- 
chine will  work;  drill  the  holes  about  'iVi 
ft.,  and  give  them  as  much  lift  as  possible. 
Of  course,  when  the  cut  holes  arc  drilled 
with  the  machine  close  in,  the  column  has 
to  be  rigged  back  about  18  ins.  to  drill  the 
hack  holes  and  lifters. 

If  the  ground  is  only  moderately  hard  it 
pays  to  drill  the  cut  holes  so  as  to  bottom 
1%  ins.;  then  four  pounds  of  60-  or  75- 
per  cent,  dynamite  can  be  put  in  the  bottom 
3ft  in.  of  each  hole.  If  the  ground  is  ex- 
tremely hard,  time  can  be  made  by  drilling 


the  hole-,  smaller,  bottoming  them  H4  or 
\%  ins.  Not  only  do  small  steel  cut  faster 
and  hold  their  gage  better,  but  it  is  also 
far  easier  to  collar  a  hole  on  a  slanting 
face  with  a  small  starter. 

When  small  holes  arc  used  it  will  be 
necessary  to  spring  the  four  cut  holes  with 
about  four  114-in.  sticks  of  (JO  per  cent, 
then  blow  them  out  well  with  a  blowpipe; 
this  will  chamber  the  holes  so  that  the> 
will  take  enough  powder  to  throw  out  the 
incut.  It  takes  alxjut  40  minutes  to  spring 
four  holes  (15  minutes  to  tamp  up,  15  min- 
utes to  get  the  smoke  out  of  the  drift,  and 
1"  minutes  with  the  blowpipe  to  clean  and 
Cool  the  holes). 

ORIIO    OF    FIRES    AND    MISFIRES. 

In  most  cases  it  is  a  decided  advantage 
to  blast  the  incut  with  a  lattery,  although 
it  takes  more  time  than  if  the  holes  are  all 
loaded  and  fired  in  one  round.  When  fired 
•vith  .T  battery  the  cut  generally  kicks  the 
"■ollars  off  a  few  of  the  surrounding  holes, 
'o  that  after  the  incut  round  there  isn't 
the  same  danger  of  holes  cutting  one  an- 
other off  and  causing  misfires  and  scatter- 
ing powder  in  the  muck.  .Again  if  the  cut 
does  not  come  out  well  the  iKittoms  can  be 
reloaded  and  spit  with  tbr  squaring  holes. 
When  the  incut  is  II  ■. .  there 

isn't  much  danger  01  n  light- 

ing holes  out  of  their  proper  order  and 
perhaps  spoiling  the  whole  round. 

If  a  hole  that  is  solidly  tamped  with 
about  a  foot  or  so  of  clay  tamping  misses 
fire,  it  is  certainly  no  joke  to  dig  the  tamp- 
ing out.  If  the  caps  are  always  soaped, 
nnd  waterproof  fuse  is  used,  such  mishaps 
are  bound  to  \k  extremely  rare.  One 
method  of  drawing  tamping  that  is  a  little 
safer  than  picking  it  out  with  a  scraper,  is 
to  burn  it  out  by  repeatedly  loading  up 
whatever  collar  there  is  to  the  hole;  after 
two  or  three  shots  the  concussion  will  jar 
•hrough  the  tamping  and  set  off  the  main 
charge,  .\nothcr  methcnl.  which  I  beieve 
is  safer,  is  to  make  a  little  tank  by  capping 
both  ends  of  a  6-  or  8-in.  pipe  about  3  ft 
long,  tapping  in  a  couple  of  inch  nipples  on 
opposite  sides  of  the  pipe.  This  tank  would 
hold  two  or  three  pails  of  water.  To  blow 
tamping  use  a  small  lip  on  the  blowpipe. 
Wedge  a  pLnnk  or  1'  •t. 

and  after  inserting  tli-  u-, 

lash  It  fast  to  the  Ix'ard  so  that  it  cannot 
kick  l)ack.  Now  run  the  blowpipe  hose 
•o  the  water  tank  and  run  the  machine 
hose  from  the  air  pipe  to  the  upper  nipple 
of  the  tank.  Use  a  valve  two  or  three 
hundred  feet  back  from  the  fare  for  turn- 
ing on  the  air  pressure.  This  method 
works  well  in  an  upper  or  flat  hole ;  it  will 
often  wash  out  a  foot  of  tamping  without 
shifting  the  blowpipe. 


.Vt  .the  close  of  the  calendar  year  I!K»8, 
there  had  In-en  purchased  for  Panama 
Canal  work  18rj,730  bbls.  of  cement.  In  ad- 
dition to  this  amount.  20.000  bbls.  had  been 
ordered. 
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Roads  and  Streets  Section 


Note :  This  Section  is  devoted  to  methods  and  costs  of  road  and  street  con= 
struction.  It  will  cover  road  building  in  all  its  details,  the  construction  of 
pavements,  sidewalks  and  gutters,  the  testing  and  use  of  paving  materials  and 
the  machinery  and  tools  used  in  road  building  and  paving. 


Cost  of  Street   Paving  in  Fifty  Ameri- 
can Cities. 

The  accompanying  tables  show  the  con- 
struction and  cost  of  street  paving  in  about 
50    representative   American    cities.      These 


not  tlie  purpose  of  their  collection ;  they 
show  individual  records  of  city  paving 
work  and  for  this  are  deserving  of  careful 
study.  Mr.  A.  N.  Johnson.  State  Engin- 
eer. Illinois,  was   chairman  of  the  commit- 


COST  DATA  ON  PAVEMENTS:— BRICKS. 
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Foundation. 
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Kind  of  Block. 
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p.  ut. 

0 

Ala.,  Birmingham 

Concrete 

5 

2"  sand 

Graves  shale  brick 

Sand 

47.500 

11.90 

Ariz..  Phoenix 

" 

4 

r     "      .:; 

Purington 

Pitch 

10.000 

3.22 

Conn.,  Bridgeport 

" 

-■« 

li'  '     ^k 

Mack  block 

Cement 

5.567 

2.79 

a                          a 

6 

U"    "      .. 

U.S.Wood  Co. w'dblk 

Asphalt 

874 

3.40 

Hartford 

" 

5 

1-2"  •■ 

Granite  block 

Cement 

1,000 

4  00 

Ga.,  Macon 

" 

6 

ir  "    -:^ 

Reynold's  block 

Pitch 

106.456 

2.08 

111.,  Cairo 

" 

5 

2  "    ■• 

Peebles  block 

Asphalt 

50,000 

'1.99 

"    Champaign 

" 

6 

IJ"  ■•     .. 

Culver  block 

Sand 

2,388 

1.48 

U            .1                      .1 

" 

6 

2"       ■■ 

" 

Grout 

7,000 

1.62 

M            .•                      .. 

" 

6 

2"      " 

"              " 

Asphalt 

2,400 

1.73 

" 

6 

li'    "     Ji. 

Wood  block 

Cement  & 

400 

2.60 

"     Decatur 

" 

4 

2"     ■•      ; 

Black  Danville  brick 

asphalt 

4,700 

1.65 

"              " 

" 

6 

2"       ■■ 

"       "                   " 

" 

24,275 

1.85 

" 

6 

2"       ■• 

Terre  Haute  brick 

Asphalt 

2,187 

2.00 

■' 

" 

4 

2"       •■ 

Brazil  block 

Cement 

6,773 

1.65 

"     East  St.  Louis 

" 

6 

" 

Albion 

" 

10,900 

1.40 

" 

" 

6 

;_ 

Banner 

Asphalt 

10.800 

1.55 

"              " 

" 

6 

" 

Cement 

3,500 

1.58 

"              " 

6 

" 

" 

2,850 

1.50 

"              " 

" 

6 

" 

" 

•* 

8,100 

1.65 

" 

" 

6 

" 

" 

" 

2,500 

1.53 

"           .   « 

" 

6 

■' 

" 

2,950 

1.64 

■*              " 

" 

6 

~ 

Granite  block 

Sand 

12,000 

2.27 

"    Galesburg 

" 

4 

, 

Purington  block 

Cement 

4.224 

1.67 

"     Harvey 

" 

8 

r     •' 

"              " 

Sand 

24.000 

1.95 

■'    Joliet 

" 

6 

6"    "    , ; 

Barr  Brick 

6,000 

1.65 

"          " 

" 

6 

" 

" 

** 

700 

1.94 

"    La  Salle 

6 

2"       " 

Cement 

8,000 

1.60 
1.79 

"     Moline 

5 

ir  •' 

Purington  block 

sand 
plastic 

to 
1.90 

"    Taylorville 

" 

6 

2*    " 

Springfield  brick 

Asphalt 

9,250 

1.56 

"     Winnetka 

" 

8 

" 

Purington  block 

Sand 

6,000 

1.70 

Ind.,  Ft.  Wayne 

" 

6 

" 

Metropolitan 

Cement 

15,132 

1.65 

" 

Broken  stone 

6 

" 

" 

Sand 

2.717 

1.30 

Indianapolis 

Concrete 

6 

" 

Ind.  block 

Cement 

128,500 

2.00 

"                " 

" 

6 

1"  •' 

Hard  pine 

■* 

10,049 

2.40 

Kokomo 

Old  macadam 

8 

2"       " 

Culver  block 

" 

8,000 

1.30 

Muncie 

Concrete 

6 

Ij"    ;; 

Metropolitan 

" 

25,000 

1.84 

U                                          11 

6 

Wassel 

" 

21,000 

1.62 

"                  " 

" 

6 

■* 

Logan 

" 

20,000 

1.58 

"                  " 

" 

6 

Brazil  block 

" 

67,000 

n.56 

"                     " 

" 

6 

" 

Metropolitan 

" 

20,000 

1.59 

So.  Bend 

" 

6 

1"      ■■ 

Barr  block 

" 

3,010 

'1.34 

"                 " 

" 

6 

" 

Clinton  block 

** 

400 

1.37 

6 

Indiana  block 

Sarco 
cement 

5,039 

n.32 

"                 " 

" 

6 

** 

Trimble  block 

Pioneer 

3,852 

n.40 

Ky.,   Covington 

" 

6i 

U'    ■• 

Athens 

Cement 

12,530 

1.85 

"                " 

" 

6i 

Spillman 

" 

16,000 

1.82 

"                " 

" 

64 

" 

Portsmouth  granite 

" 

4.000 

1.73 

"                " 

" 

6i 

" 

" 

2.000 

1.65 

"                " 

" 

6i 

" 

Carlyle 

" 

2,900 

11.84 

Mass.,  Lawrence 

Gravel 

6 

2"  to  3"  sand 

Granite 

" 

20.000 

2.15 

New  Bedfo'd 

Concrete 

5 

2"  sand 

Sand 

17,300 

13.15 

"       Springfield 

" 

4i 

Dry  cem't  mort 

Creo-Resinate 

Cement 

!3.27 

111.,  Chicago 

" 

6 

2"   sand 

Creosoted  wood 

Sand 

32.'270 

13.44 

u                     .. 

" 

6 

" 

Tar 

17,900 

3.49 

U                         It 

Slag 

6 

" 

Purington  and  Met'l'n 

Tar 

28,050 

12.05 

Slag 

10 

Metropolitan 

Tar 

1,410 

2.25 

'  $1.99  to  12.04.    2$1.56  to  $1.61.    »  $1.34  to  $1.47.    <  $1.32  to  $1.44.    s  $1.40  to  $1.43. 


figures  were  collected  by  the  committee  on 
Roads  and  Pavements  of  the  Illinois  So- 
ciety of  Engineers  and  Surveyors  and  were 
reported  at  the  annual  convention  held  last 
week.  The  records  cover  macadam,  asphalt 
and  brick  and  block  pavements  and  give  the 
materials  usco,  ihickness  and  cost.  The 
costs  given  are,  of  course,  costs  to  the  cities 
and  not  costs  to  the  contractors.  No  very 
accurate  general  conclusions  can  be  drawn 
from   these  records,  and  in   fact   this   was 


tee,  makin.g  the  report  from  which  the  ta- 
bles are  taken. 


E.xpenditures  for  New  York  State  Barge 
Canal  Work  for  the  fiscal  year  ending 
Sept.  30,  1908,  include  the  following :  For 
preliminary  engineering,  $.5.36,859.85 ;  for 
construction  engineering.  $205,930.34 ;  for 
advertising  for  bids  on  contracts,  $2,623.90 ; 
for  recording  appropriations  of  land, 
$193. 


Court  Decision   Regarding    Bitulithia 
Pavement  Patents. 

A  decision  of  interest  to  paving  con- 
tractors, engineers  and  municipal  authori- 
ties was  rendered  Jan.  5,  1909,  by  the  U.  S.. 
Circuit  Court  of  Appeals  of  the  Sixth  Cir- 
cuit in  the  case  of  Warren  Bros.  Co.,  vs. 
the  city  of  Owosso,  Mich.  The  suit  was 
brought  against  the  city  of  Owosso  on. 
account  of  an  alleged  infringement  of  pat- 
ent No.  727,505,  issued  May  5,  1903,  to- 
Frederick  J.  Warren  for  "a  new  and  use- 
ful improvement  in  street  pavements,'^ 
since  known  as  bitulithic  pavement.  The 
Barber  Asphalt  Paving  Co.,  which  con- 
structed the  alleged  infringing  pavement 
for  the  city,  defended  the  suit.  The  U.  S.. 
Circuit  Court  reversed  the  decision  of  the- 
lower  court  and  ordered  an  accounting  to- 
ascertain  the  damages  to  be  assessed  by 
the  infringement. 

Circuit  Court  Justice  Lurton's  statement 
of  the  case  was  as  follows: 

"'J  he  invention  relates  to  an  improve- 
ment in  that  class  of  street  pavements- 
consisting  of  a  foundation  of  mineral  mat- 
ter and  a  top  surfacing,  or  wearing  sur- 
face, made  of  graded  mineral  matter  in- 
timately associated  and  uni-led  by  means  of 
asphalt  or  coal  tar.  The  inventor  claims 
as  his  discovery  that  the  best  conditions  of 
this  top  or  surface  of  a  mineral  roadbed 
is  that  this  top  or  wearing  surface  of  such 
pavements  'must  be  made  as  dense,  as 
free  from  voids,  as  possible,  and  also 
stable  and  non-liable   to   displacement." 

"Under  the  art,  as  practiced  thereto- 
fore, the  inventor  says  that  the  mineral 
matter  united  by  plastic  material  has  gen- 
erally been  fine  gravel  or  sand  or  broken 
stone,  not  exceeding  pieces  of  stone  or 
other  ground  material  above  one-tenth  of 
an  inch  in  diameter.  That  the  smallest 
percentage  of  voids  under  that  method  was 
21    per    cent    of    the    aggregate. 

"He  declares  that  to  secure  stability 
there  must  be  a  departure  from  this  meth- 
od, and  that  by  the  employment  of  larger 
sized  pieces,  'say  up  to  those  which  will 
pass  through  a  two-inch  ring  and  employ- 
ing with  these  larger  grains  proper  quan- 
tities of  the  smaller  sizes  down  to  an 
impalpable  powder,  it  is  possible  to  reduce 
the  voids  of  the  mineral  base  below  10  per 
cent    of   its   bulk.' 

"Such  an  assemblage,  he  says,  compact- 
ed together,  will  form  a  dense,  solid, 
homogeneous,  compact  body  with  the 
smallest  percentage  of  voids  and  possess- 
ing the  highest  degree  of  stability  and  one 
in  which  the  largest  and  smallest  pieces 
are  associated  with  each  other  indiscrimi- 
nately throughout  the  structure  and  one 
which,  because  of  the  sizes  of  the  pieces 
and  their  arrangement  with  respect  to 
each  other,  offers  the  smallest  areas  of 
surface  for  the  attachment  of  the  plastic 
composition  to  them,  so  that  not  only  is 
a  superior  binding  effected,  or  union  ob- 
tained by  the  plastic  composition,  but  a 
smaller  quantity  of  it  is  necessary  for  the 
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purpose    of    ohtainint;    the    superior    result 
or  product.' 

"The  spceilicatioiis  hiy  stress  upon  the 
(act  that  the  stone  components  of  different 
sizes  arc  not  to  be  used  in  layers  of  corre- 
sponding sizes,  but  mixed  togelher,  the 
large,  the  small,  and  the  dust  in  one  ag- 
gregate, with  the  asphalt  or  other  plastic 
composition  permeating  the  whole  mass 
and  uniting  the  particles  by  tilling  in  the 
voids  and  making  a  solid  surface.  This 
composition  is  spread  uniformly  over  the 
top  of  a  roadbed  foundation,  preferably 
of  macadam,  and  is  intended  to  form  only 
the  top  or  wearing  surface  of  such  a  road- 
bed. This  top  section,  he  adds,  may,  if 
desired,  be  smeared  over  'with  a  surfacing 
of  clear  asphalt  or  other  bituminous  com- 
position of  any   desired  nature.' 

"The  mi.xture  preferred  by  the  inventor 
is  described  by  the  inventor  in  his  speci- 
fications as  follows : 

"  T  prefer  to  use  from  one  to  three  per 
cent  of  impalpable  powder,  from  ten  to 
thirty  per  cent  of  material  between  im- 
palpable powder  and  one-fourth  of  an  inch 
in  size,  and  from  fifty  to  eighty  per  cent 
of  material  larger  than  one-fourth  of  an 
inch  in  size.  I  have  found  that  these  in- 
gredients when  associated  together  pro- 
duce a  mass  or  body  having  less  than 
twenty  per  cent  of  voids.  I  prefer  to  use 
as  the  uniting  or  plastic  composition  one 
which  comprises  asphalt  and  an  oil  flu.x 
heated  to  a  moderate  heat  to  provide  the 
requisite  fluidity ;  but  I  do  not  confine  my- 
self to  any  special  form  of  artificial  or 
natural  asphalt.' 

"This  mineral  part  of  the  composition, 
the  patentee  says,  is  to  be  "intimately  as- 
sociated with  the  plastic  asphalt  composi- 
tion, which  is  then  spread  uniformly  upon 
the  prepared  foundation  and  which  in 
setting  becomes  very  dense,  solid  and 
freer  from  voids  than  any  pavement  of 
which  I  have  knowledge.'  Among  the 
advantages  claimed  in  the  patent  speci- 
fications are :  First,  that  the  percentage  of 
mineral  matter  employed  is  increased  and 
that  of  the  bitumen  decreased,  thereby 
cheapening  the  cost ;  second,  thai  the  wear- 
ing qualities  of  the  pavement  are  much 
increased,  due  to  the  fact  that  'a  very 
rigid  and  stable  effect  is  obtained  which 
reduces  strain  and  wear  upon  the  uniting 
medium,  more  of  the  wear  being  borne  by 
the  mineral  base  and  less  by  the  uniting 
medium' ;  third,  the  reduction  of  voids 
formed  by  the  mineral  constituents,  in  that 
they  are  larger  and  fewer,  the  plastic  fluid 
tilling  such  spaces  with  a  cellular  structure, 
which,  it  is  claimed,  adheres  better  to  the 
surface  of  the  stone  pieces  than  when 
the  interstices  of  the  composition  arc 
>maller  and  more  numerous. 

"The  claims  in  issue  are  the  oth,  6th, 
!'th  and   llth,  and  are  as  follows: 

"  '5.  In  a  street  pavement,  a  bituminous 
mineral  structure  the  mineral  ingredients 
of  which  are  fixed  and  of  several  grades. 
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•  Rolled. 


so  graded  as  to  give  the  structure  an  in- 
herent  stability. 

"  '6.      A      bituminous     street     pavement 
structure    containing    mixed     mineral    in- 


gredients of  such   grades   as   to  give  the 

structure  an   inherent  stability. 

•  ••••• 

"  '0.  .\  street   pavement    wearing   section 
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composed  of  a  mineral  structure  of  inher- 
ent stability  formed  of  several  grades  of 
material  so  proportioned  as  to  have  a  per 
cent  of  voids  less  than  twenty-one  per  cent 
of  the  whole,  in  combination  with  a  com- 
paratively soft  bituminous  binder  filling 
said  voids  and  rendering  the  whole  perma- 
nent in  nature  and  elastic  and  waterproof 
in  character. 

"'11.  A  street  paving  structure  com- 
posed of  a  mixture  of  mineral  or  wearing 
ingredients  and  a  plastic  binder,  the  space 
between  the  mineral  ingredients  being  less 
than  twenty-one  per  cent  of  the  whole, 
and  the  plastic  binder  occupying  said 
space.' " 

In  its  decision  the  court  stated  that  the 
street  pavement  of  the  Warren  patent  is 
plainly  differentiated  from  the  pavement 
structures  in  practical  use  before  his  in- 
vention. It  was  further  stated  that  the 
record  of  proceedings,  briefs,  and  oral 
arguments  reduced  the  case  to  the  ques- 
tion of  whether  the  invention  of  the  patent 
had  not  been  anticipated.  Tlie  court  con- 
sidered a  number  of  alleged  anticipations 
of  the  patent  made  by  the  defendant  com- 
pany, chief  of  these  being  the  construction 
of  a  piece  of  sidewalk  in  189G.  All  of 
these  were  characterized  as  e.xperiments, 
the  decision  stating  that : 

"The  sidewalk  construction  was  much 
the  closest  appro.ximation  to  the  invention 
of  Warren.  That  Warren  believed  himself 
to  be  the  discoverer  of  his  composition  for 
street  paving  is  presumed  from  his  oath 
to  that  effect  and  that  presumption  nuist 
stand  until  overthrown  by  very  clear  evi- 
dence." 

"The  presumption  that  he  believed  him- 
self to  be  the  inventor  of  the  pavement 
for  whjch  he  was  given  a  patent  must  be 
our  starting  point  in  determining  whether 
his  patent  is  defeated  by  anticipation. 
That  somebody  had,  in  fact,  made  the 
same  composition  before  he  did  does  not 
necessarily  defeat  his  patent.  In  one  sense, 
he  would  not  be  the  first  inventor  in  such 
case.  But  in  the  sense  of  the  patent  stat- 
ute, he  is  the  first  inventor  who,  by  his 
own  thought,  makes  an  article  or  material 
and  first  perfects  and  adapts  his  discovery 
to  actual  use,  although  some  one  may 
have  previously  made  a  similar  article 
without  putting  it  into  practical  use  or  giv- 
ing his  discovery  to  the  public  in  any 
way." 

The  decision  continues : 

"We  are  the  more  indisposed  to  treat 
this  piece  of  experimental  sidewalk  as  an 
anticipation  because,  in  the  wide  range 
which  has  been  covered  by  the  evidence 
in  this  case,  it  has  not  been  shown  that 
anywhere  had  there  been  constructed  a 
single  rod  of  street  pavement  according 
to  his  plan  prior  to  his  invention.  Under 
such  circumstances,  we  can  not  think  the 
proof  of  anticipation  strong  enough  to 
deprive  him  of  his  invention. 

"The  patents  relied  upon  as  anticipa- 
tions  need   little   notice  and   have   received 
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little  attention  in  briefs  or  arguments. 
Those  most  worthy  of  attention  are  the 
Van  Camp  and  Clark  provisional  English 
specification  and  the  British  patents  to 
Ward.  They  are  both  lamentably  lack- 
ing in  instruction  as  to  the  proportions  of 
mineral  ingredients  of  the  different  grades. 
They  do  propose  the  use  of  large  stones 
and  smaller  ones  to  fill  the  voids  together 
with  asphalt  or  tar.  But  they  do  not  dis- 
close Warren's  basic  idea  of  using  the 
several  grades  of  stones  so  graded  as  that 
the  stone  aggregate  will  of  itself  have  in- 
herent stability  which  will  relieve  in 
large  part  the  burden  and  strain  upon  the 
bitumen  binder.  Warren  gives  clear 
directions  as  to  the  construction  and 
clearly  .discloses  the  factor  of  stability 
resulting  from  properly  grading  the  min- 
eral ingredients  in  excess  of  that  found  in 
the  greater  density  of  the  sand  and  as- 
phalt concrete. 


"To  overthrow  a  patent  by  a  foreign 
one  of  prior  date  the  description  of  the 
invention  must  be  in  such  full,  clear  and 
exact  terms  as  to  enable  one  acquainted 
with  the  art  to  which  it  belongs  to  make, 
construct  and  practice  the  invention.  Mere 
vague  and  general  representations  in  a  for- 
eign patent  will  not  support  the  defense  of 
anticipation. 

"A  fatal  objection  to  the  Ward  English 
patents  is  found  in  the  fact  that  printed 
copies  were  not  on  sale  prior  to  the  actual 
date  of  Warren's  invention  vifhich  is  clear- 
ly shown  to  have  been  made  not  later  than 
January  4,  1900;  the  Warren  patents  were 
not  published  prior  to  October  of  1900. 

"The  fifth,  sixth  and  eleventh  claims  are 
infringed.  The  ninth  is  not,  as  it  is  not 
shown  that  the  defendants  below  employed 
the  'comparatively  soft  bitumen  binder,' 
made  an  element  of  that  claim." 


February  j,  1909. 
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Water  works  and  Sewer  Seet 
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Note:  This  section  is  devoted  to  methods  and  costs  of  conslructinj:  sewers 
and  water-works.  It  will  co\er  the  construction  worlv  for  all  details  of  water 
suppl^   aiul  Sfwcranf.  incluiliiij;  sewage  purification  and   water  filtration. 


Structural    Details  and    Methods  of 

Constructions  of  the    Lawrence 

Avenue  Intake  Tunnel,  Chicago 

Intercepting  Sewer  System. 

The    full    development    of    the    Chicago 

Drainage   Canal   to   divert   all   sewage   flow 

from    Lake    Michigan    involved    the    con- 


whence  It  reaches  the  Uramagc  Lanal.  l-ur 
the  North  Side  of  the  city  the  intercept- 
ing system  consists  of  two  branches  par- 
allel to  the  lake  shore,  one  carrying  the 
flow  south  and  the  other  carrying  the  flow 
north,  which  join  at  Lawrence  avenue, 
whence  a  16-ft.  circular  conduit  takes  the 
combined   flow   west   along  Lawrence   ave- 


tiy    uhich    the    sewage   finally    reaches    the 
Drainage  Canal. 

The  flow  in  the  two  branches  of  the 
North  Side  intercepting  system  is  by  grav- 
ity north  and  south  to  the  junction  at  Law- 
rence and  Evanston  avenues  and  here  it  is 
received  by  centrifugal  pumps  and  elevated 
to  the  level  of  the  16-ft.  Lawrence  avenue 
conduit  running  to  the  river.  To  dilute 
the  raw  sewage  and  provide  ample  volume 
of  water  to  flush  it  down  through  the 
North  Branch  an  intake  tunnel  was  built 
east  from  the  Lawrence  avenue  pumping 
station  out  under  Lake  Michigan  to  an  in- 
let crib  about  1,400  ft.  from  the  shore. 
Through  this  inlet  tunnel  screw  pumps 
draw  clear  lake  water  and  discharge  it  in- 
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Side    In- 


Fig.    1— Sketch    Map    of    North 
tercepting  Sewer. 

struction  of  a  costly  system  of  intercepting 
sewers  by  the  city  of  Chicago.  These  inter- 
cepting sewers  now  take  the  flow  of  all 
the  sewers  formerly  emptying  into  the 
lake   and   divert   it    to   the    Chicago    River 


Fig.  2 — Cross  Section  of  Intake  Tunnel. 


nue,  to  an  outlet  into  the  North  Branch  of 
the  Chicago  River.  The  general  rouTe  of 
this  system  is  outlined  in  Fig.  1,  from 
which  the  reader  can  also  trace  the  course 
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to  the  sewage  flow  west  through  the  Law- 
rence avenue  conduit.  This  intake  tunnel 
was  put  in  operation  in  October,  1!*<>I? ;  it 
is  of  particular  engineering  interest  because 
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Fig.  3— Plan  and  Profile    of    Intake      Tunnel  for  Flushing   Lawrence   Avenue     Ccnduit. 
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of  its  size  and  of  some  of  the  methods 
adopted   for  its   construction. 

The  choice  of  a  tunnel  instead  of  an  open 
intake  was  determined  by  the  hydrographic 
conditions.  The  waters  of  the  lake  are 
quite  shallow  along  the  north  shore  of  the 
city  so  that  at  a  distance  of  1,400  ft.  off 
shore  there  is  only  30  ft.  depth.  Being  an 
open  shore  the  seas  are  consequently  very 
heavy  and  with  the  ice  formation  in  winter 
bring  hazard  to  any  but  the  most  sturdy  of 
marine  structures.  Borings  made  along  the 
line  indicated  that  by  going  to  a  very  mod- 
erate depth  a  tunnel  lying  entirely  in  a 
stiff  blue  clay  could  be  built.  A  tunnel  was 
therefore  decided  on  and  its  profile  and 
section  are  shown  by  Fig.  3.  Its  length  be- 
tween center  of  shore  and  intake  shafts  is 
1,446  ft. 

The  tunnel  was  planned  originally  to  be 
entirely  of  concrete   but  it   was  finally  de- 
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Fig.  4 — Connection   Between    Intake  Tun- 
nel and   Lawrence  Avenue  Conduit. 


cided  to  make  the  arch  of  5  rings  of  brick. 
The  adopted  cross-section  is  shown  by  Fig. 
"2,  and  the  span  and  curve  are  unusual  for 
an  intake  tunnel.  The  arch  and  the  invert 
make  up  nearly  the  whole  circumference, 
the  side  walls  being  little  else  than  abut- 
ments for  the  two  arches.  The  screw 
pump  which  the  intake  supplies  has  a  ca- 
pacity of  585  cu.  ft.  per  second.  Fig.  4 
shows  the  connection  between  the  intake 
tunnel   and   the  Lawrence  avenue   conduit. 

The  method  of  driving  the  tunnel  was 
to  excavate  two  parallel  side  drifts  and 
build  the  concrete  side  walls ;  then  by 
means  of  a  roof  shield  to  take  out  the  arch 
section  and  build  the  brick  roof  arch,  and 
finally  remove  the  core  between  side  drifts 
and  place  the  concrete  invert.  The  work 
was  carried  on  in  one  direction  only,  out- 
short  from  the   above  shafts. 

The  character  of  the  drifting  is  indicated 
by  Fig.  5.  Each  drift  was  7  ft.  high.  6  ft. 
wide  at  the  top  and  9  ft.  wide  at  the  bot- 
tom, and  was  through  stiff  blue  clay  which 
changed  to  hardpan  at  about  the  level  o*" 
the  floor  of  the  drift.  Excavation  was  done 
with  draw-knives  and  adzes,  and  close  tim- 
bering was  employed.  The  drifts  were  run 
about  1,200  ft.  ahead  of  the  other  work. 
To  take  out  the  roof  arch  a  shield  con- 
structed as  shown  by  Fig.  6  was  used. 

The  shield  was  essentially  a  nearly  semi- 
circular  segment   of   heavy   steel   construc- 


tiun,  with  puckets  for  12  hydraulic  jacks. 
The  cutting  edge  was  made  of  heavy  cast 
s-teel  sections  securely  fastened  to  the 
body  of  the  shield.  A  tail  piece  of  %-in. 
steel  4  ft,  long  was  riveted  to  the  end  of 
the   shield ;   this    formed   a   means    for   the 


Fig.  5 — View  Showing  Timbering  of  Drifts 
for   Side    Walls. 

building  up  of  the  timber  shell  of  8-in.  oak 
.-'gainst  which  the  feet  of  hydraulic  jacks 
bore  when  forcing  the  shield  ahead.  These 
compartments  in  the  face  of  the  shield 
were  the  working  rooms  for  the  miners 
who  cut  the  stiff  clay  with  specially  de- 
signed drawing  knives  and   deposited   it  in 


the  miners  have  excavated  to  the  cutting 
edge,  the  shield  was  forced  ahead  about  20 
ins.  by  the  hydraulic  jacks ;  then  the  opera- 
tion was  repeated.  The  brick  layers  fol- 
lowed perhaps  50  or  60  ft.  behind  the  shield 
and  put  in  the  five  ring  brick  arch  resting 
on  the  two  side  walls  and  finally  the  in- 
vert  was    excavated   and    concreted. 

The  operation  of  the  shield  calls  for  no 
special  mention.  A  Knowles  pump  sup- 
plied the  jacks  with  a  pressure  of  3,000 
lbs.,  through  a  pipe  hung  from  the  crown 
1  f  the  arch  and  running  from  shaft  head 
to  shield.  At  the  shield  the  connection 
with  the  valve  board  was  made  by  a  double 
swinging  joint  which  permitted  the  shield 
tn  be  advanced  several  feet  without  chang- 
ing the  connection.  The  shield  traveled  on 
four  90-lb.  rails,  two  on  each  side,  resting 
on  a  4xl4-in.  oak  timber  on  the  side  walls. 

.^fter  the  first  50  ft.  of  tunnel  was  com- 
pleted an  air  lock  was  constructed  and  all 
the  remaining  work  was  done  under  an  air 
pressure  of  about  8  lbs.  per  sq.  in.  The 
use  of  a  timber  lining  to  take  the  thrust  of 
the  jacks  operating  the  shield  was  some- 
what unique;  it  proved  successful.  This 
timber  shell  was  made  up  of  3  and  4-ft. 
segments  cut  from  7xl0-in.  oak  timbers,  at 
a  saw  mill  on  the  job.  The  segments  were 
set  close,  and  stood  up  with  very  slight 
settlement  of  the  arch.  The  brick  arch  was 
built  in  22-ft.  sections  using  a  traveling 
center  which  ran  on  rollers  and  had  clear- 
way for  the  material  cars.  Three  shifts 
were  worked,  each  consisting  of  about  40 
men. 

The  contractor  for  the  work  was  the  M. 


Fig.  6 — View  of  Rear   End  of  Roof  Shield   Showing     Timber     Lininc. 


dump  cars  which  were  afterward  pulled  out 
by  mules  into  the  airlock  and  from  thence 
to  the  hoisting  shaft.  As  the  mining  pro- 
gresses the  timber  men  keep  building  up 
the  oak   ring   behind  the  jacks   and   when 


H.  McGovern  Co.,  of  Chicago,  111.  The 
engineers  were:  John  Ericson,  City  Engi- 
neer, Wm.  S.  MacHarg,  Consulting  En- 
gineer, and  R.  A.  Bonnell,  Assistant  En- 
gineer in  charge. 
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Nolo:  This  section  is  dcMitcJ  lo  mcthod-i  and  cosis  of  conslrucliiiK  sU-cl 
and  masonry  bridges  and  buildings  and  of  foundation  work  of  all  kinds.  It 
will  give  special  attention  lo  erection  plant  and  tools,  falseworks  and  centers 
nnd  cost  data  of  nil  kinds. 


Methods  and  Cost  of   Constructing  a 

Plate    Girder     Bridge     With 

Concrete  Piers. 

The  bridge  consists  of  17  spans  of  50  ft. 
■<k-ck  plate  girders  carried  on  concrete  piers 
and  reinforced  concrete  abuments.  The 
siibslritcturc  is  founded  on  solid  rock  rang- 
ing in"  depth  below  low  water  from  zero 
on  the  west  shore  to  19  ft.  on  the  east 
shore.  The  west  abutment  and  succeeding 
13  piers  were  carried  to  rock ;  the  three 
remaining  piers  and  the  east  abutment  were 
•set  on  piles  driven  to  rock  and  cut  off  at 
low  water  level.  The  piers  consists  of 
bases  14  ft.  P  ins.  x  7  ft.  9  ins.  in  dimen- 
sions and  varying  in  height  with  the  depth 
of  foundation,  and  shafts  13  ft.  9  ins.  x  6 
:ft    9  ins.  at  the  base :   12  ft.  x  6  ft.  at  the 


•he  piers  the  buckets  were  raised  and 
dumped  by  means  nf  a  mast  and  cross- 
head.  When  the  pier  was  completed  the 
girders  were  set  by  means  of  a  l.'i-ton  dor- 
rick  car. 

Work  was  conducted  in  the  manner  de- 
scribed from  .-Xpril  20.  1907,  to  May  1, 
1908.  This  slow  progress  was  due  largely 
lo  the  fact  that  the  organization  was  such 
that  one  part  of  the  work  had  to  await 
the  completion  of  another,  no  two  opera- 
tions being  carried  on  at  the  same  time. 
Furthermore  the  driving  and  pulling  of  the 
steel  sheeting  was  a  tedious  process.  It 
took  from  a  week  to  ten  days  to  drive  the 
sheeting  for  one  cofferdam,  and  in  pene- 
trating the  cemented  gravel  the  piles  were 
often  so  battered  and  bent  that  it  took  as 
Irng  or   longer   to  pull   as   to   drive  them. 


i-rom  the  boom  a  66-ft.  extension  of  the 
second  track  was  suspended  by  cables  at 
the  boom  end  and  at  mid-length;  the  inner 
end  of  the  extension  track  wa-  I 

by  a   bend  on  the  pier      The  a; 
of  the  1 

Fig.   I:  .  I 

come  from  the  mixer  by  car  to  directly 
over  the  pier.  When  a  pier  had  been  con- 
creted the  extension  track  was  set  one  side 
and  detached  and  the  derrick  was  avail- 
able  for  erecting  the  plate  girders. 

For  depositing  concrete  below  water,  a 
bucket  was  devised  to  operate  with  a  single 
line,  as  illustrated  in  Fig.  2.  It  was  built 
of  a  3-ft.  section  of  36  in.  corrugated  iron 
culvert  pipe,  having  a  capacity  of  H  cu.  yd. 
In  the  bottom,  which  was  of  wood,  was  a 
clap  valve  8  ins.  square,  opening  upward. 
.\  1-in.  iron  trunnion  set  6  ins.  off  center, 
was  secured  to  the  bottom.  .\  bale  with 
chain  hooks  at  its  extremities  was  attached 
to  the  pile  line  of  the  derrick  car  which 
was  led  through  a  block  at  the  end  of  the 
boom  directly  over  the  center  of  the  pier. 
To  the  top  of  the  bale  was  pivoted  a  coun- 


Fig.    1 — Plant    Lay-Out    for    Constructing    Concrete  Bridge  Piers. 


<op  over  coping  and  28  ft.  high.  Each 
•shaft  contains  about  f^.S  cu.  yds.  of  con- 
crete. The  spans  between  pier  centers  are 
.50  ft.  3  ins.  The  abutments  are  of  rein- 
forced concrete. 

Two  niithfids  of  construction  were  em- 
ployed. The  first  method  was  used  for  the 
west  abutment  and  the  succeeding  six  piers. 
•Operations  were  conducted  from  the  river 
bed.  The  west  abutment  was  above  water 
level  and  was  straightforward  construction. 
For  this  six  succeeding  piers  U.  S.  Steel 
Sheet  Pile  cofferdams  were  built  and  ex- 
cavated ;  the  base  forms  were  set  inside 
and  concreted,  and  then  the  shaft  forms 
were  erected  and  concreted.  .-V  60  x  120  x  4 
ft.  barge  in  the  river  carried  a  hoisting 
engine  and  stiff  leg  derrick.  This  derrick 
handled  the  forms  and  also  a  clam  shell  for 
excavating  the  cofferdams.  A  pile  driver 
supported  on  heavy  horses  drove  the  sheet- 
ing. The  concrete  was  mixed  on  the  river 
bed  by  a  H  cu.  yd.  Chicago  Improved  Tube 
mixer  and  taken  to  the  work  in  dump 
buckets  in  push  cars  running  on  a  track 
which  was  extended  from  pier  to  pier.     At 


•RearrariKPd  from  an  article  by  W.  W.  Col- 
pctls.  M.  Am.  Soc.  C.  K..  In  the  "Rnll- 
road   AKe-Gnzettc"   nf  .Ian.   22.   1909. 


The  excavation  of  the  cofferdam  occupied 
about  two  days.  It  was  to  remedy  this  slow 
progress  that  the  second  method  of  con- 
struction was  devised  by  Mr.  W.  W.  Col- 
pitis, Assistant  Chief  Engineer,  who  as- 
sumed personal  charge  of  the  work. 

.■\  second  track  was  laid  parallel  to  the 
main  track  as  shown  by  Fig.  1.  To  sup- 
port this  second  track  2'i-it.  guard  rail 
timbers  were  inserted  between  each  pair  of 
main  track  ties  and  secured  with  hook 
bolts  to  the  girder  flanges.  On  the  over- 
hanging ends  of  these  timbers  two  lines 
of  3xl2-in.  planks,  on  5-ft.  centers,  were 
laid  to  carry  the  second  track  rails.  The 
concrete  mixed  was  removed  from  the 
river  bed  and  placed  on  the  west  bank  a< 
shown  by  Fig.  I ;  the  second  track  led  di- 
rectly to  and  from  the  mixer.  .\  siding 
was  also  laid  to  the  mixer  for  the  sand  and 
gravel  ears,  which  were  loaded  at  a  nearby 
cutting.  Water  was  pumped  to  the  mixer 
from  the  river  as  shown  by  Fig.  1. 

The  second  track  was  extended  from 
pier  to  pier  as  fast  as  the  main  track  was 
completed,  so  that  the  derrick  car  could  be 
nm  out  on  the  second  track  to  a  position 
alongside  the  last  completed  pier  The 
derrick  car  boom  was  lengthened  about  85 


ter-»eightcd  trip,  engaging  a  lip  on  the 
side  of  the  bucket.  The  bucket  was  car- 
ried on  a  push  car  and  the  mixer  div 
charged  directly  into  it.  It  was  then  run 
out  to  the  end  of  the  extension,  the  hooks 
of  the  bale  slipped  over  the  trunnions,  the 
trip  caught  on  the  lip,  the  bucket  raised, 
and  the  car  pushed  from  under  it.  The 
bucket  was  then  lowered  and  upon  its 
weight  being  taken  on  the  bottom  the  trip 
automatically  released.  As  the  bucket  was 
slowly  raised  from  the  bottom  it  upset,  the 
valve  in  the  bottom  opened  and  the  con- 
crete poured  out  without  disturbance :  its 
construction  being  such  that  it  ■'■  ' 
toward  the  lowest  point.  Thri 
were  used,  one  being  dumped  wliilc  i»u 
others  were  on  their  way  to  and  from  the 
mixer:  the  loaded  car  using  the  second 
track,  the  empty  car  returning  on  the  main 
track. 

The  concrete  for  the  shafts  was  carried 
in  dump  boxes  on  push  cars.  Fig.  3.  The 
forms  were  securely  wired  to  prevent  dis- 
tortion from  the  falling  concrete  and  baf- 
fle l>oards  were  used  to  distribute  the  con- 
crete uniformly. 

It  was  found  that  detachable  cast  steel 
teeth  on  the  lips  of  the  clam  shell  greatly 
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increased  the  daily  capacity  of  the  dredge 
and  this  fact  suggested  the  advisability  of 
doing  away  entirely  with  the  steel  sheet 
piling  which  had  proven  both  expensive 
and  slow.  The  greatest  depth  to  rock  was 
19  ft.  below  the  low  water  surface  and  was 
practically  level  over  the  area  of  a  pier. 
It  was  decided  to  sink  open  wooden  coflfer- 
danis,  first  dredging  as  deep  as  practicable 
in  the  open  water  at  the  pier  site,  the  limit 
of  which  proved  to  be  about  12  ft.  In  the 
meantime,  the  timber  for  the  cofferdams 
was  being  framed  on  the  bank.  They  were 
built  as  follows :  The  three  bottom  courses 
were  composed  of  condemned  bridge 
stringers,  the  lower  one  having  a  45°  cut- 
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Fig.    2 — Bucket    for    Depositing    Concrete 
Under   Water. 

ting  edge,  unshod.  Above  the  stringers  the 
sides  were  composed  of  3  x  12-in.  plank, 
spiked  to  corner  posts  and  studs. 

During  construction  the  cofferdam  was 
supported  on  a  raft  also  composed  of  con- 
demned bridge  stringers.  The  raft  was 
built  with  an  open  bay,  about  1  ft.  larger 
on  all  sides  than  the  cofferdam.  Across 
the  center  of  the  opening  was  stretched  a 
heavy  telegraph  wire  supporting  the  ends 
of  four  planks,  the  other  ends  resting  on 
the  raft.  The  lower  courses  of  timbers  of 
the  cofferdam  were  then  set  in  position  on 
these  planks  and  drift-bolted  together. 
The  position  of  the  cofferdam  on  the 
planks  was  such  that  only  a  small  percen- 
tage of  its  weight  came  upon  the  wire. 
The  two  other  courses  of  stringers  were 
then  laid  and  bolted  and  the  corner  posts 
and  studs  bolted  to  these,  after  which  the 
3-in.  planks  comprising  the  balance  of  the 
sides  of  the  cofferdam  were  spiked  to  the 
corner  posts  and  studs.  When  completed, 
the  wire  was  cut  and  the  cofferdam 
launched  into  the  water  below,  which,  as 
stated  above,  had  previously  been  dredged 
to  a  depth  of  about  12  ft.  It  was  then 
guyed  to  its  exact  position  and  held  level 
by  lines  from  the  boom  of  the  barge  der- 
rick. Four  posts  or  legs,  with  the  lower 
ends  resting  on  the  bottom  of  the  excava- 
tion, were  spiked  to  the  outside  corners 
and   all    the    guys    removed,    allowing    the 


cofferdam  to  rest  entirely  upon  these  legs. 
To  make  provision  for  weighting  the  cof- 
ferdam while  being  sunk,  stringers  were 
placed  across  its  ends  and  on  the  portions 
projecting  beyond  the  sides,  a  floor  of 
other  stringers  was  laid  and  boxed  up  to 
a  height  sufficient  to  carry  a  load  of  about 
75  tons  of  gravel  each.  The  dredging 
operations  were  then  begun  and  the  mate- 
rial taken  from  the  interior  of  the  coffer- 
dam placed  in  the  boxes  until  they  were 
filled.  When  the  dredging  had  continued 
to  a  point  where  the  bearing  was  uniform 
on  the  cutting  edge  of  the  bottom,  the  legs 
detached  themselves  from  the  sides  and 
floated  to  the  surface. 

By  carefully  sounding  the  bottom  and 
loading  the  boxes  uniformly  as  the  dredg- 
ing proceeded,  the  cofferdam  sank  uni- 
formly to  the  rock.  The  load  was  not  re- 
moved from  the  boxes  until  the  concrete 
had  been  placed,  when  by  cutting  the  wires 
supporting  the  sides  the  gravel  dropped  in- 
to the  water.  The  cofferdam  was  pre- 
vented from  bulging  when  the  concrete 
was  being  deposited,  by  means  of  a  wire 
cable  strung  around  the  top  and  wedged 
taut  at  each  of  the  studs.  The  derrick  car 
was  not  removed  from  its  position  support- 
ing the  extension  track  until  the  concrete 
in  both  the  base  and  shaft  had  been  placed. 
The  pile  line  of  the  derrick  car  was,  there- 
fore, available  in  removing  the  form  on  the 
shaft  of  the  pier  behind  and  erecting  it 
on  the  recently  completed  base.  The  oper- 
ation of  filling  it  with  concrete  was  then 
begun.  While  the  work  of  placing  the  con- 
crete in  the  base,  erecting  the  form  for 
the  shaft,  filling  it  and  setting  the  girders 
was  going  on,  the  barge  was  employed  in 
dredging  for  and  sinking  the  next  coffer- 
dam,  and    in   this    manner   the    work   pro- 


Fig.  3 — Dump  Box  on  Push  Car  for  Trans- 
porting Concrete. 

ceeded  until  the  13th  pier  was  completed. 

The  piles  in  the  foundations  of  the  three 
piers  on  the  east  bank  of  the  river  were 
driven  with  rail  leads  suspended  loosely 
from  the  boom  of  the  stiff-legged  derrick, 
which  had  been  removed  and  placed  on 
skids  on  the  bank.  The  forms  were  set 
and  filled  in  the  manner  described. 

The  method  of  building  the  west  abut- 
ment was  as  follows:  Upon  the  comple- 
tion of  the  excavation,  the  form  was  built 
up  to  a  point  3  ft.  above  the  bottom  of  the 
overhang.  The  piles  were  then  driven  and 
the  back-filling  completed  up  to  the  level 
to  which  the  form  had  been  built  and  care 
taken  to  tamp  the  filling  solidly  under  the 


form  for  the  overhang.  The  form  was 
then  filled  with  concrete  to  the  top  and  the 
overhanging  slab,  which  was  3  ft.  thick, 
reinforced  with  steel  to  enable  it  to  sup- 
port the  load  of  green  concrete  that  would 
later  come  upon  it.  The  form  for  the  up- 
per portion  was  then  completed  and  the 
whole  filled  with  concrete  up  to  the  bridge 
seat  in  two  days'  run.  The  west  abutment 
was  completed  and  the  last  span  set  on 
August  27,  1908,  an  average,  after  May  1, 
of  one  pier  and  span  about  every  nine 
working  days. 

The  statement  of  cost  will  be  especially 
interesting  to  those  who  are  familiar  with 
conditions  in  the  Republic  of  Mexico.  Gen- 
erally speaking,  machinery,  materials  and 
supplies  of  all  kinds  are  much  more  costly 
than  in  the  United  States,  but  this  disad- 
vantage is  partly  offset  by  cheap  labor. 
The  scale  of  wages  (in  U.  S.  currency) 
that  prevailed  on  the  work  are  given  be- 
low : 

General   foreman    $150.00  per  month 

Sub-foremen     4.00  per  day 

Hoisting   engineers    4.00  per  day 

Firemen      1.50  per  day 

Carpenters    1.50  per  day 

Blacksmitlis     2.00  per  day 

Laborers    (peons)     75  per  day 

The  cost  of  materials  delivered  at  the 
work  was  as  follows : 

Cement,   per  bbl $  3-73 

Form   lumber,   per   M.    ft.    B.   M 23.33 

Bridge  timber,  per  M.   ft.  B.  M 36.65 

Reinforcement,    per    ton    79.20 

Steel   sheeting   per  ton    54.15 

Bridge   Steel,  per  ton 69.98 

In  the  statement  below  a  proportion  of 
the  cost  of  all  machinery  and  tools  is 
charged  against  the  bridge,  depending  upon 
their  condition  and   availability   for   future 

work. 

ABUTMENTS. 
(Contain    586.2    cu.    yds.    concrete.) 

Per 
Material:  Total.        cu  yd. 

Cement,       694.4       bbls..       at 

$3.73      $2,590.11  $4.42 

Sand,      263      cu.      yds.,      at 

$0.50y2      132.81  0.23 

Gravel,     526     cu.     yds.,     at 

$0,501/4    1 265.62  0.45 

Lumber.    22,232    ft..    B.    M., 

$23.33    518.66  0.88 

Piles.   240  lin.   ft.,  at  $0.22..         52.80  0.09 

Reinforcement,     41,730     lbs., 

at   $3.96    1,632.51  2.79 

Machinery,    '     proportionate 

cost     59.21  0.10 

Wire  and  nails 101.50  0.18 

Lubricating   oil    6.50  0.01 

Fuel      109.00  0.18 

Total    material     $5,468.72  $9.33 

Labor: 

Excavation    for    foundation. $    199.66  $0.34 

Building  and  removing 
forms     331.01  0.57 

Driving  piles  in  founda- 
tion              67.77  0.11 

Placing  steel  reinforce- 
ment               92.55  0.16 

Blixing   concrete    220.53  0.38 

Placing    concrete    96.39  0.17 

Pumping    water    18.74  0.03 

Cleaning  and  storing  ma- 
chines,   etc 61.00  0.10 

Total    labor    $1,087.65  $1.86 

Total    material    and    labor.  .$6,556.37         $11.19 
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«ASi;s   OK   PIEJUS    1   To   U.   INCLUaiVK. 
lluHen    I    tu     6  cuntiiln    373      cu.    yds. 
I<u8i-ii   7   to    16  cuntaln   8U7.7   cu.   yil». 


Total   I.2«0.7  cu.  ydi. 

Malerlal: 

C-nu-nt,    1.233    l)bl»  .    at    13.73 

.Siind.    591    cu.   ydn..  at   $0  10^ 

Orav.-!,    1.182   cu.   yds.,  at   l«.5u^4 

CiifftTdamii  of  pliT8  1  to  6: 

LuinUr.   3  M..    »    .M..  at   123.33 t  SI.19 

Sterl    «h<'«.-t    pllInK     J24.72 

Wire  nalla  and  oil   5S.00 

Marlilncry     817.00 

Fuel     700.00 


Total  cuyd. 

(4.S»9.U9  ti.tS 

Z98.46  0.24 

S88.92  0.47 


Material  In  rofriTdaniH   1   to  6 }!,664.71 

Per  cu.  yd.  concrete  In  bases  1   to  6 $     6.88 

C'lPtrerdnms  of  piers  7  to  16; 

Lumber.    26   .M..    B.    M.,  at  »23.33 t606.S8 

Piles  In  foundation    198.00 

Wire   nails  and   oil    210.25 

Machinery     1,353.66 

Fuel    1,200.00 

Material    In    cofferdams   7   to 
Per  cu.  yd.   concrete  In  bases  ' 


16 13,568.49 

to  16 14.02 


6.133  2U 


Total  material   $11,627.67 

Labor: 

MIxhiK   concrete    580.33 

PUicInK    concrete    662.26 

PumplnK   water    38.00 

CleiinlnK  and  storing  madilnes.  etc 122.01 

I'oftenlams  of  piers  1   to  6: 

K.\cavatlon     )    857.22 

HrlvInK    sheet    pllliiK 1,653.19 

PullliiK    shi-et    piling 371.60 

Building    Inside    forms 214.21 


4.86 


19.22 

0.46 
0.52 
0.03 
0.10 


Labor  on  cofferdams  I  to  6: 
Per  cu.  yd.  concrete  In  bases  1  to  6,  $8.30. 

Ciifferdams  of  piers  7  to  16: 

Kxcavatlon     $1,010.05 

Piles  In   foundation ; 313.23 

Building  and  sinking  C.  dams 870.89 

Labor  on  cofferdams  7  to  16. . 
Per  cu.  yd.  concrete  In  bases 


$3,096.22 


to  16,  $2.47. 


$2,194.17     5,290.39 


4.20 


Total   labor    $6,692.99  $5.31 

Total  material  and  labor $18,320.66        $14.53 

I..:il»>r  and   material  of  cofferdams.   1  to     6,   per  cu.  yd.,  concrete $15.18 

Labor  and  material  of  cofferdams,   7   to  16,   per  cu.    yd.,   concrete 6.49 

SHAFTS  OF  PIERS.    1  TO   16.   INCLUSIVE. 
(1,357.2  cu.  yds.  concrete.     The  shafts  of  the   piers  did   not  differ  appreciably   In  cost, 
and    the   statement   Is  not  divided  as  In    the  case  of  the  bases.) 

Materials:  Total.  Percu.  yd. 


Cement.  482  bbls.,  at  $3.73 $4,617.74 


Sand.  257  cu.  yds.,  at  sOhi  cts. 
Gnivel.  514  cu.  yds.,  at  50V4  cts... 
Lumber.  3.000  ft.,  B.  M.,  at  $23.33. 

.Machinery,  proportionate  cost 

Wire  and   nails 

Lubricating  oil    

Fuel    


321.69 
643.38 
163.31 
155.00 
101.50 
28.50 
919.00 


Total    material    $6,950.12 

Labor: 

Buililing  and   removing  forms $582.55 

.MI\inK  concrete    602.43 

ria>  Ing  concrete    652.79 

Pumping  water   39.00 

Cleaning  and  storing  machinery 122.01 

Total   labor $1,998.80 


Total  material  and  labor $8,948.92 

Total  cost  of  substructure $33,823.95 

STEEL  SPANS.— 17   aO-FT.   DECK   PLATE  GIRDERS. 

Material:  Total. 

Steel.   611,734   lbs.   f.  o.   b..   New   York $16,822.68 

Fri-lKht   and    brokerage 4,582.08 

Fuel,  setting  and  riveting  girders 181.36 

Total   material    $21,586.12 

Ijibor : 

I'nloading  and  setting  girders $294. 4o 

Riveting  girders    640.35 

Setting  anchor  bolts i?;S2 

Machinery,  proportionate  cost 253.70 

Total   labor   $1,293.50 

Total    material   and    labor $22,879.62 

DECK.— TIES    L.    L.    P     SIN   X  10-lN.  X  10- FT..    SPACED    13    IN.    CENTERS: 
RvMLS    L.    L.    P.,    7-IN.  X  9-IN.  X  20-FT. 

.Material:  -.T.".^!. 

62.401    ft..    B.    M..   f.   o.    b.,   Safton,   La *Mm?; 

Freight  and   brokerage •  .?,? 

Fuel     28.50 

Tot.nl  material   $2,312.60 

'-"'""■■  •cat  <9 

Framing  and   placing inSJ 

Machinery,   proportionate  cost m.si 

Total  labor   $622^ 

Total  material  and  l.-ibor                      '         '  ^' 

Total  cost  of  superstructure t:.i.M4.43 

Total  cost  of  bridge $69,640.38 


$3.41 
0.24 
0.47 
0.12 
0.11 
0.07 
0.02 
0.68 

$5.12 

$0.43 
0.45 
0.48 
0.03 
0.09 

$1.48 

$6.60 

$10.56 

Per  ton. 

$55.00 

14.98 

0.59 

$70.57 

$0.96 
2.09 
0.34 
0.83 

$4.22 

$74*79 
GUARD 

Per 
M.B.M. 

$18.00 
18.(5 
0.40 

isTM 

19.00 
0.97 

li'w 

$47.02 


Cost  of  a  300  ft.  Highway  Drawbridge. 

.\  liigliwa)  ijrawliri'lgc  ,ur.  >-  tli.  ll.irlciii 
River,  .Id  .\vc  ,  New  York  ciiy,  wa^  bc(;uii 
in  l(i!»3  and  finished  in  IfitJ,  I  lie  span  i» 
:kJ<>  fi.  long ;  the  width  is  87%  ft.  over  alL 
There  arc  four  lattice  trusses.  The  three 
carriage  ways  are  each  2*)  ft.  wide,  and  the 
twi>  'i  9  fl.  wide  carried 

on  The   tlmr    i«   "f 

Ijucklc  |>Utc>  cukcrctl  with  coi<. 
asphalt  pavement.  The  bridge  w  . 
Ions,  and  is  carried  on  a  GO  fl.  turntable. 
The  time  required  for  a  full  opening  is 
2  mins.  and  2  mins.  more  for  closing  and 
locking.  A  50  HP.  engine  docs  the  work, 
but  a  duplicate   (Kiwcr  plant  is  provided. 

The  contract  price  was  $I,111,'HX>  for  the 
bridge  complete,  which  is  $47  per  sq.  ft. 
of  roadw.iy  and  sidewalks.  The  total  cost, 
including  lands,  was  more  than  $-.',iHHi,tMi(i. 

The  following  are  some  of  the  important 
quantities  and  bidding  prices : 

Unit  prices. 
107,.j<ni  ft.  B.  M.  yellow  pine  in  tem- 
porary bridge   $40.00 

200,0<;h)   ft.    B.    M.  hemlock   in   tem- 
porary bridge   30.00 

5.000  cu.  yds.  pneumatic  caissons  in- 
cluding concrete  filling  29.00 

Portland  cement  concrete,  cu.  yd...     9.00 
Natural  cement  concrete,  cu.  yd....     5.40 
Granite  Ashlar  facing  below  low  wa- 
ter, cu.  yd. . .   14.00 

Granite  .Ashlar  facing  above  low  wa- 
ter, cu.  yd ..   20.00 

Granite  caps,  cu.  ft 2.50 

Granite  coping,  cu.  ft 3.00 

Granite  columns,  capitols  and  bases.     2.<.K) 
Granite  dimension,  in  rough  bases. .     0.50 

Rough  pointing,  sq.  ft 'V40 

Fine  pointing,  sq.  ft "50 

Four-cut  axing,  sq.  ft..  0.50 

Six-cut  axing,  sq.  ft 0.60 

Eight-cut  axing,  sq.  ft 0.70 

382.(XN)  lbs.  rolled  steel  and  iron  in 

turntable  0.048 

I,G92.inVI  lbs.  rolled  steel  and  iron  in 

draw  span   0.039 

1,.386,0<X>  lbs.  rolled  steel  and  iron  in 

deck  spans  0.0.17 

4,2<X»  lbs.     corrugated     plates,  deck 

spans 0  ft.'M 

r».-.7.000  lbs.  buckle  plates,  draw  spans    0.0.12 
2S2.00O  lbs.  steel  plate  girder  '■■ 

42u.tKX)  lbs.  steel  rolled   bean: 

1 17.800  lbs.  castings  in  wheels u.UT 

r_'ti,0«H1     lbs.   castings   hub   and     bed 

plates  "O.'i 

2,tKK)  lbs.  other  iron  castings  ■  «"25 

35,000  lbs.  Mecl  plates  or  ang!  i>25 


In  making  a  cut  through  the  old  line  of 
the  Panama  R.  R.  on  the  Isthmus,  a  20-in. 
suction  dredge,  encountered  piles  that  were 
completely  rotted  down  to  sea  level,  but 
IkIow  .sea  level  were  as  full  of  pitch  and 
as  sound  as  when  driven  60  years  ago. 


The  production  of  bituminous  coal  in  the 
I'nited  States  in  190S  amounted  to  32.5.- 
750.tKlO  tons. 
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Materials  for  a  Caisson. 

In  building  a  single  track  bridge  for  the 
Illinois  Central  R.  R.  across  the  Ohio 
River  near  Cairo,  10  piers  were  sunk  75 
ft.  below  low  water.  The  frictional  re- 
sistance was  found  to  be  600  to  TOO  lbs. 
per  sq.  ft.  of  exposed  surface.  The  largest 
caisson  and  crib  is  30  ft.  wide,  70  ft.  long 
and  50  ft.  high.  The  total  height  of  the 
pier  is  177  ft.  (50  ft.  of  caisson  and  crib 
filled  with  concrete,  and  127  ft.  of  ma- 
sonry on  top).  It  contains  the  following 
materials : 

331,000   ft.  B.   M.   lumber. 

137,000  lbs.  iron. 

2,865  cu.  yds.  concrete  in  caisson  and 
crib. 

3,800  cu.  yds.  masonry. 

The  pier  measures  14x43  ft.  on  top. 

The  weight  of  the  137,000  lbs.  of  iron 
was   distributed  as   follows;  Lbs. 

Cutting  edge   26,583 

Corner    plates    8,108 

Air  locks   (1  pr.   doors  left  in)....     7,287 

Sections    of    shaft 14,813 

Rods    30,670 

Washers     '.HI 

Drift    bolts    21,606 

Boat  spikes    15,402 

Lag    screws 265 

Bolts    331 

Pipe    (334   ft.  of  4   in.) 3,495 

Pipe    (83   ft.  of  5  in.) 1,234 


Total 


.  136,785 


Weight  of  a  Steel  Viaduct. 

A  single  track  steel  viaduct  was  built  in 
1904  near  Paoli,  Ind.,  for  the  Chicago,  In- 
dianapolis &  Louisville  Ry.  It  is  870  ft. 
long,  and  87  ft.  high  in  the  center.  It  has 
2  abutments  and  36  small  pedestal  piers, 
four  under  each  tower.  The  abutments 
are  60  ft.  high.  The  pedestal  piers  are 
3%  ft.  square  on  top  and  extend  down  to 
solid  rock,  a  distance  of  3  to  12  ft.  below 
the  ground.  There  are  4,300  cu.  yds.  ma- 
sonry in  piers  and  abutments,  and  1,091,000 
lbs.  steel  and  east  iron  in  the  viaduct. 


The  First  Iron  Railway  Bridge. 

In  the  Railway  Gazette,  July  8,  1904,  is 
illustrated  and  described  the  "first  iron 
railway  bridge."  It  was  built  in  1823  for 
the  Stockton  &  Darlington  Ry.,  at  West 
Auckland,  England.  It  was  really  a  tres- 
tle with  cast  iron  posts,  and  four  iron 
spans  of  12  ft.  8  ins.  each.  The  spans  con- 
sisted of  double  arch  members  of  wrought 
iron  united  by  cast  iron  struts.  The 
bridge  was  removed  after  80  years  of  serv- 
ice. 


During  the  calendar  year  1908,  awards  to 
the  amount  of  $13,421,752  were  made  for 
work  on  the  New  York  State  Barge  Canal. 
There  are  now  in  force  contracts  for  build- 
ing 194  miles  of  canal,  the  contract  price 
for  these  being  $35,739,213,  including  all  al- 
terations to  date. 


Unclassified  and  General  Articles 


Note:  This  section  is  devoted  to  methods  and  cost  articles  on  construction 
work  not  properly  coming  under  any  of  the  preceding  classifications. 


Suggestions  for  Drawing  Specifications 
for  Engineering  Work.  ■■ 

[Though  addressed  to  British  engineers 
the  following  criticisms  and  suggestions  on 
the  writing  of  specifications  are  just  as 
pertinent  when  addressed  to  American  en- 
gineers. The  specification  which  stands 
free  from  all  of  the  faults  cited  by  Mr. 
Butler  is  a  rare  document  in  the  engineer- 
ing practice  of  any  country,  yet  none  of 
these  faults  is  difficult  to  correct  if  the 
time  and  study  necessary  are  taken  by  the 
engineer.  We  commend  to  particular  at- 
tention the  remarks  on  such  familiar 
clauses  as,  "The  work  shall  be  done  to 
the  satisfaction  of  the  engineer";  on  copy- 
ing paragraphs  and  sections  from  old 
specifications  ;  on  definiteness  of  statement ; 
on  key  plans  showing  the  contractor  the 
local  conditions  likely  to  affect  the  cost  of 
the  work,  and,  finally,  on  the  importance  of 
the  engineer  knowing  what  he  is  talking 
about. — Editors.] 

The  preparation  of  a  specification,  as  a 
preliminary  to  entering  upon  a  contract  of 
engineering  works,  is  unquestionably  one 
of  the  most  important  of  an  engineer's 
duties,  requiring  very  complete  experience 
and  thorough  technical  knowledge  for  its 
satisfactory  accomplishment;  yet  some 
specification  writers  display  a  fine  disre- 
gard of  the  true  function  of  such  a  docu- 
ment, and  show  a  childlike  faith  in  the 
ability  and  generosity  of  the  contractor, 
which,  although  very  flattering  to  him,  does 
not  say  much  for  the  business  instinct  of 
its  professors. 

In  this  paper  some  of  the  points  that  are 
essential  to  the  production  of  a  specifica- 
tion which  shall  properly  fulfill  its  purpose 
are  touched  upon,  and  this  purpose  is  to 
amplify  the  contract  drawings  by  giving 
detailed  descriptions  of  the  materials  to  be 
used,  the  methods  of  preparing  and  using 
them,  and  other  information  which  can- 
not be  conveniently  written  on  the  draw- 
ings themselves.  The  two  main  divisions 
of  an  ordinary  specification  are  the  condi- 
tions of  contract  and  the  specification, 
properly  so-called.  The  form  of  tender 
is   not   infrequently   attached. 

The  conditions  of  contract,  as  their  name 
implies,  form  the  legal  part  of  the  docu- 
ment, as  distinct  from  the  technical  de- 
scription of  work  to  be  done,  but  it  cannot 
be  too  clearly  borne  in  mind  that  the  whole 
of  a  specification,  when  duly  signed  by  the 
parties  to  the  contract,  is  a  legal  document 
which  must  be  produced  in  court  if  a  dis- 
pute should  unfortunately  arise  with  refer- 
ence to  the  works;  and  it  is,  therefore,  of 


*A  paper  by  H.  Laurence  Butler,  read  Jan. 
7.  1909.  before  the  Civil  and  Meclianical  En- 
gineering   Society,    Great    Britain. 


the  utmost  importance  that  it  should  be- 
lucidly  written  in  simple  language,  the 
clauses  being  arranged  in  logical  sequence,, 
and  the  description  exact  and  complete 
without  being  needlessly  verbose.  Every 
item  of  work  should  be  allotted  a  separate 
clause,  for  when  a  single  clause  includes 
descriptions  of  several  different  matters- 
confusion   must   ensue. 

A  complete  alphabetical  index,  with  the- 
clause  and  page  numbers  attached,  will  be 
found  to  be  (especially  in  the  case  of  a 
lengthy  specification)  a  great  help  in 
quickly  finding  any  required  subject,  and 
cross  references  may  sometimes  be  intro- 
duced  with  advantage. 

Brevity,  so  far  as  it  is  consistent  with 
completeness,  being  the  hall-mark  of  a 
good  specification,  no  information  should" 
be  introduced  which  may  be  clearly  ob- 
tained from  the  drawings,  the  intention  be- 
ing that  the  drawings  and  specification  are 
to  be  taken  together,  and  a  clause  to  this 
effect  is  sometimes  inserted.  On  the  other 
hand,  it  is  waste  of  labor,  besides  being 
confusing,  to  put  descriptive  matter  on  the 
drawings  which  would  be  better  included 
in  the  specification ;  and  a  mistake  which 
is  frequently  made  is  to  duplicate  informa- 
tion in  this  way,  obscuring  the  drawings 
with  unnecessary  writing,  and  overloading 
the  specification  with  identical  information. 

A  very  common  fault  in  specifications  is 
indefiniteness  of  description,  and  this  gen- 
erally arises  from  the  writer  not  having 
a  clear  notion  of  the  work  or  materials 
which  he  attempts  to  describe,  though  in 
some  cases  it  is  due  to  the  obscurity  of  the 
language  or  to  the  misuse  of  certain  words, 
especially  "proper"  and  "sufficient.  '  The 
engineer  should  know  what  is  proper  and 
sufficient,  and  should  describe  it  in  precise 
terms,  otherwise  he  is  only  opening  the 
way  for  trouble  when  it  becomes  necessary 
to  find  the  meaning  of  these  words  in  terms 
of  actual  materials  and  workmanship.  The 
word  "etcetera"  should  be  rigidly  excluded, 
and  the  matters  covered  by  it  clearly  de- 
fined. 

It  should  be  hardly  necessary  to  say 
that  the  drawings  must  be  completed  and 
inked  in  before  the  specification  is  written, 
or  at  all  events  before  it  is  finally  com- 
pleted, as  any  other  procedure  will  almost 
inevitably  lead  to  more  or  less  important 
omissions,  with  the  result  that  "extras" 
will  be  writ  large  in  the  contractor's  little 
bill.  It  is  an  advantage,  when  time  per- 
mits, to  have  the  detail  drawings  (if  any) 
completed  at  this  stage,  as  it  is  not  un- 
usual for  important  modifications  to  be 
found  necessary  when  the  details  are  got 
out  on  a  larger  scale.  The  drawings 
should,  of  course,  be  numbered,  dated,  in- 
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ilialt-d  by  the  draughtsman,  and  signed  by 
till-  engineer;  and  it  may  sometimes  be  use- 
ful to  have  reference  letters  or  numbers  on 
certain  portions  of  the  drawings,  which 
m;iy  be  alluded  to  in  the  specification. 

An  inexperienced  writer  of  specifications 
is  very  apt  to  be  uneven  in  his  description 
of  the  work,  writing  with  unnecessary  ver- 
biage on  those  matters  with  which  he  is 
familiar,  and  dismissing  some  equally  im- 
portant point  with  a  brief  direction  that 
"the  work  shall  be  done  to  the  satisfaction 
of  the  engineer."  A  general  direction  of 
this  kind  usually  implies  that  the  engineer 
does  not  know  what  he  wants,  and  there- 
fore leaves  the  matter  to  the  superior 
knowledge  of  the  contractor — an  attitude 
not  very  creditable  to  the  former. 

The  only  really  legitimate  use  of  this 
phrase  is  in  a  general  clause  referring  to 
the  whole  of  the  works.  An  example  of 
uneven  description  within  the  knowledge 
of  the  author  exists  in  the  specification  for 
certain  works  of  sewerage,  in  which  the 
tests  for  Portland  cement  occupy  a  half- 
page  of  closely  printed  foolscap.  None  of 
the  tests  was  applied,  and  apparently  they 
were  not  intended  to  be  applied,  but  the 
whole  description  was  taken  en  bloc  from 
another  specification,  presumably  with  a 
view  to  overaweing  the  contractor.  In  the 
same  specification  the  description  of  some 
pumping  machinery  at  the  disposal  works 
appears  to  have  been  copied  direct  from 
the  estimate  of  a  firm  of  mechanical  en- 
gineers, only  the  prices  having  been  left 
out,  and  the  curious  commercial  brevity  of 
the  phraseology,  comprising  .^uch  phrases 
as  "including  all  necessary  fittings  com- 
plete," stands  out  in  striking  relief  from 
the  rest  of  the  document. 

It  is  evident,  then,  that  one  of  the  most 
essential  qualifications  for  a  specification 
writer  is  a  thorough  knowledge  of  his  sub- 
ject, and  he  should  have  also  a  sufficient 
command  of  the  English  language  to  en- 
able him  to  express  his  meaning  clearly 
and  tersely.  It  is  quite  unnecessary  to  in- 
dulge in  legal  jargon  and  high-sounding 
phrases  which  the  writer  possibly  does  not 
understand,  and  it  is  by  no  means  a  fault 
to  repeat  words  again  and  again  if  they 
express  the  meaning  of  the  writer  more 
clearly  and  forcibly  than  an  alternative 
phrase  would  do.  A  specification  is  seldom 
judged  by  literary  standards  of  excellence. 
It  is  also  necessary  that  the  specification 
writer  should  have  a  thorough  knowledge 
of  trade  customs,  such  as  discounts  (in 
order  to  define  "prime  cost"),  the  methods 
of  measuring  timber  and  scantlings,  the 
different  modes  of  dressing  masonry  work, 
whether  the  word  "best"  applied  to  certain 
materials  will  really  mean  best,  or  if  by 
trade  custom  it  may  be  taken  to  mean  an 
inferior  quality.  Moreover,  in  the  case  of 
structural  work,  he  should  make  himself 
acquainted  with  the  regulations  in  force  in 
the  district  in  which  the  building  is  to  be 
erected,  and  should  make  it  clear  in  the 
specification    if   the    contractor    is    to    take 


the  responsibility  of  complying  with  the 
local  authority's  requirement>  or  otherwise. 

Another  error  which  i  thruugh 

inexperience  is  that  of  .    imprac- 

ticable sizes  of  materiaU,  >uili  a*  timber 
.ind  metals,  and  this  may  also  occur  when 
clauses  are  copied  from  obsolete  or  badly 
written  specifications.  The  method  of 
compiling  a  specification  on  the  "scissors 
and  paste"  principle,  by  taking  clauses  from 
•>\<i  specifications,  is  one  that  will  lead  an 
inexperienced  writer  into  error  more 
quickly  than  any  other,  because  if  he  has 
any  doubts  as  to  the  reliability  of  the  de- 
scription, it  will  be  more  or  less  dis- 
counted in  his  mind  by  the  fact  that  that 
particular  clause  has  been  used  before, 
regardless  of  when  or  under  what  circum- 
stances it  was  used. 

The  degree  of  detail  which  a  specifica- 
tioit  should  contain  is  governed  very 
largely  by  the  magnitude  and  importance 
of  the  work,  as  it  is  obvious  that  the  de- 
tail in  the  specification  for  a  £50,000  con- 
tract would  be  merely  a  display  of  misdi- 
rected energy  if  applied  to  the  specifica- 
tion of  works  costing,  say,  £500. 

A  practice  which  should  be  studiously 
avoided  wherever  possible  is  the  specifying 
of  alternative  workmanship  and  materials. 
It  is  far  better  to  be  exact  in  defining  what 
is  to  be  done  or  supplied,  because  it  then 
affords  no  ground  for  dispute  or  difference 
of  opinion.  However,  with  regard  to  the 
actual  methods  of  carrying  out  the  work, 
the  contractor  should  not  be  tied  to  any 
particular  means  of  effecting  the  required 
end,  unless  special  circumstances  require 
it,  for,  provided  the  materials  and  work- 
manship are  satisfactory,  it  is  better  to 
allow  the  contractor  to  use  his  own  dis- 
cretion as  to  the  manner  of  producing  the 
required   result. 

The  arrangement  of  a  specification  is 
generally  as   follows : 

(1)  Conditions  of  contract  and  gen- 
eral regulations  applying  to  the  whole  of 
the   works. 

(2)  General  description  of  riaterials 
and  workmanship,  excluding  pu'ely  local 
or   particular   directions. 

(3)  Detailed  description  of  the  various 
portions  of  the  work,  systematically  ar- 
ranged. 

The  conditions  of  contract  usually  begin 
with  a  definition  clause,  which,  in  order  to 
obviate  needless  repetition,  defines  such 
words  as  "employer."  "engineer,"  "contrac- 
tor," "prime  cost,"  and  similar  matters. 
Other  clauses  enumerate  the  conditions  to 
be  obserx'cd  in  carrying  out  the  works,  and 
make  the  contractor  responsible  for  giving 
nntices  required  by  the  li  cnl  authority,  re- 
quire him  to  sign  the  drawings  and  specifi- 
cations within  a  given  time  from  the  ac- 
ceptance of  his  tender,  to  provide  sureties 
for  the  satisfactory  completion  of  the 
work,  and  to  commence  the  work  within  a 
stated  period  after  receiving  notice  from 
the  engineer  to  do  so. 

.\  very  useful  clause  is  that  empowering 


liic  cngmcir  to  vary  or  alter  any  part  of 
the  works  without  vitiating  the  contract, 
and  a  clause  requiring  the  contractor  to 
render  weekly  accounts  in  writing  of  all 
omissions,  extras,  and  variations  greatly 
assists  the  engineer  in  decidnig  what  pay- 
ments may  be  made  from  time  to  time  on 
account  of  work  done,  as  well  as  in  the 
final   adjustment   of  accounts. 

Other  clauses  may  refer  to  the  method 
of  ascertaining  prices  for  extra  works, 
the  power  of  the  engineer  to  take  samples 
for  testing  purposes,  the  opening  up  of 
work  for  inspection,  the  prohibition  of  as- 
signment or  sub-letting  of  the  contract,  re- 
sponsibility for  accidents,  time  f"r  com- 
pletion, period  of  maintenance, 
of  works  through  various  cause-  i 

payment,  engineer's  certificate  of  comple- 
tion, and  other  matters  of  this  nature,  the 
conditions  usually  concluding  with  a  clause 
providing  that  all  disputes  may  be  referred 
to  an  arbitrator   for  settlement. 

It   is  not  unusual,  however,  to  have,   in 
place  of  the  arbitration  clause,  a  condition 
that  the  engineer  shall  have  the  exclusive 
right     to     authoritatively     detertnine     the 
meaning  of  the  contract.     Such  a  provision 
is,  perhaps,  rather  unsatisfactory  from  the 
standpoint  of  the  contractor,  who  may  be 
inclined  to  consider  the  engineer  unsuitable 
10  act   in   this  capacity,   by   reason   of   the 
fact  that  the  latter  has  generally  formed  an 
opinion  on  any  dispute  which  may  arise  be- 
fore the  matter  is  referred  to  him  for  set- 
tlement ;    but    unless    it    could    be    demon- 
strated that  the  engineer's  opinion  was  not 
open    to    argument   or   reconsideration,   or 
that   he   had   deliberately   shown   prejudice 
or  partiality,  the  courts  could   scarcely  be 
persuaded  to  declare  that  he  was  unfit  to 
be  arbitrator.     The  chief  advantage  of  the 
clause,   from  the  engineer's  point  of  view, 
is  that   it   supplies   a  summary    means    of 
remedying    the    faults    and    supplying    the 
omissions    in    a  badly-drafted  specification. 
It  would  appear  that  the  arrangement  most 
satisfactory    to    all    parties    is    for    the    en- 
gineer to  have  the  final  decision  as  regards 
workmanship  and  materials,  and  to  provide 
for  appeal  to  an  external  arbitrator  on  all 
matters   relating  to   payment,   such   as  the 
amount   of  extra    works,  loss  to  the  con- 
tractor through  delay  or  alteration  of  the 
works,   and   similar  qurslicns.     .\    further 
modification  of  this  provides  that  no  appeal 
to  an  outside  arbitrator  shall  be  made  dur- 
ing the  progress  of  the  works,  but  that  dis- 
putes on  any  matter  arising  out  of  the  con- 
tract  shall   be  temporarily  decided  by   the 
engineer,  and  his  decision  shall  be  binding 
on  all  parties  until  the  completion  of  the 
works,  after  which  the  matter   (unless  ex- 
plicitly reserved   for  the  final  and  binding 
decision  of  engineer,  without  appeal)   ma/ 
be    brought    l)cfore   a    referee.      This     ar- 
rangement  is  designed  to  prevent   any  dis- 
puted  matters    from   cau-'iue    di-I.iv   in    tlie 
execution  of  the  works 

tn  alluding  to  the  drawing",  it  is  a  good 
plan  to  add  a  paragraph  to  the  effect  that 
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figured  sizes  are  to  be  followed  in  prefer- 
ence to  the  scale  dimensions,  except  in 
cases  of  obvious  clerical  error.  The  clauses 
enumerated  above  do  not  by  any  means  ex- 
haust the  list  of  provisions  that  it  may  be 
necessary  to  make  in  the  case  of  a  large 
contract,  and  in  very  small  works  some  of 
the  clauses  may  be  reasonably  omitted,  but 
they  are  mentioned  as  being  generally  ap- 
plicable to  contracts  of  moderate  size. 

The  specification  proper  usually  begins 
with  a  description  of  the  site  of  the  works.  . 
specifying  any  unusual  features  which  may 
exist ;  and  if  the  site  is  very  inaccessible, 
involving  a  great  deal  of  haulage  work,  it 
is  an  excellent  thing  to  provide  a  key  plan, 
showing  the  distance  from  the  nearest  sta- 
tion, and  marking  on  it  any  unusually  steep 
hills,  bad  roads,  or  other  circumstances 
likely  to  aflfect  the  cost,  although  some  en- 
gineers prefer  to  let  the  contractor  find  out 
all  these  things  for  himself,  and  insert  a 
clause  in  the  conditions  to  the  effect  that 
"the  engineer  cannot  be  held  responsible 
for  any  incorrect  information  supplied." 

The  ne.xt  clause  generally  enumerates  the 
drawings,  giving  the  number  and  title  of 
each  one,  with  the  words,  "and  such  fur- 
ther detail  drawings  as  may  be  supplied 
by  the  engineer  to  the  contractor  from 
time  to  time."  Then  follows  the  descrip- 
tion of  materials  and  workmanship  apply- 
ing to  the  whole  of  the  works,  and  includ- 
ing si-ch  matters  as  cement,  sand,  mortar, 
concrete,  bricks,  brickwork  and  the  like, 
leaving  the  particular  description  of  the  in- 
dividual parts  of  the  work  to  be  dealt  with 
later. 

The  general  description  may  ccnveni- 
ently  conclude  with  a  clause  requiring  the 
contractor,  before  commencing  the  work, 
to  deposit  with  the  engineer  a  sample  of 
each  kind  of  material  intended  to  be  used, 
all  m.ateriuls  employed  in  the  execution  of 
the  works  to  be  equal  in  quality  to  the  sam- 
ples so  deposited. 

The  remainder  of  the  specification  con- 
sists of  detailed  descriptions  of  the  differ- 
ent parts  of  the  work,  subdivided  under 
general  headings.  -For  instance,  in  the  case 
of  a  new  road  and  sewer,  the  fir.st  part 
would  be  headed  "sewers  and  manholes," 
and  the  first  clause  would  deal  with  "ex- 
cavation." followed  successively  by  "tim- 
bering," "filling  in,"  "concrete  pipe  lay- 
ing," "brickwork,"  "manhole  covers,"  and 
so  on.  The  next  general  heading  would 
be  "roads,'  and  the  headings  of  the  clauses 
would  follow  some  such  order  as  "excava- 
tion," "foundations,"  "hard  core,"  "kerbing 
and  channelling,"  "metalling,"  "grouting 
and   rolling,"  "footpaths,"  etc. 

A  systematic  arrangement  of  this  nature 
tends  to  exclude  the  probability  of  any 
serious  omission,  and  assists  any  subse- 
quent reference  to  the  specification.  Print- 
ing a  brief  note  of  the  contents  of  each 
clause  on  the  margin  of  the  page  is  a  con- 
venience when  it  is  desired  to  refer  to  any 
particular  item,  but  it  should  be  made  clear 
that  these  marginal  notes  are  merely  aux- 


iliaries, and  do  not  form  part  of  the  speci- 
fication any  more  than  the   index  does. 

Another  arrangement  is  to  divide  the 
work  up  under  the  headings  of  various 
trades,  such  as  "excavator,"  "bricklayer," 
and  so  forth,  the  general  description  of 
materials  preceding  the  detailed  enumera- 
tion of  particular  items  under  the  heading 
of  the  appropriate  trade.  This  method, 
however,  is  usually  applied  only  to  specifi- 
cations for  building  works. 

Some  engineers  and  architects  advocate 
the  free  use  of  marginal  sketches  to  fur- 
ther elucidate  the  intention  of  the  written 
description,  but  where  the  specification  is 
printed  this  method  is  inapplicable,  owing 
to  the  extra  expense  involved  in  printing, 
and  in  any  case  it  is  doubtful  whether  such 
details  would  not  be  better  demonstrated 
on  the  drawings.  A  competent  specification 
writer  should  be  able  to  describe  his  mean- 
ing with  sufficient  clearness  to  enable  him 
to  dispense  with  such  a  superabundance  of 
illustrations.  In  the  case  of  any  very  com- 
plicated piece  of  work,  a  detail  drawing  to 
scale  is  obviously  of  more  utility  than  a 
mere  sketch,  and  in  simpler  cases  a  written 
description  should  be  all  that  is  required. 

Trade  catalogues  form  one  of  the  most 
useful  items  in  the  specification  writer's 
stock-in-trade,  and  here,  again,  the  advan- 
tage of  system  will  be  apparent.  A  com- 
plete set  of  trade  catalogues  filed  on  the 
decimal  system,  and  accompanied  by  a  card 
index  in  two  divisions,  one  of  subjects  and 
the  other  of  names  of  firms,  will  enable  the 
engineer  to  turn  up  at  the  shortest  notice 
the  information  with  regard  to  any  manu- 
factured article  that  he  may  require,  and 
to  make  a  comparison  between  the  manu- 
factures of  different  firms,  with  a  view  to 
finding  the  particular  article  best  suited  to 
his  purpose. 

In  this  connection  it  may  be  said  that 
the  practice  of  specifying  that  certain  ar- 
ticles shall  be  supplied  by  a  particular  firm 
is  one  that  should  not  be  carried  to  excess. 
It  is  not  an  unheard  of  thing  for  a  manu- 
facturer, who  has  been  specified  to  supply 
certain  goods,  to  raise  his  prices  for  the  oc- 
casion, hut  if  estimates  are  obtained  from 
firms  of  equal  standing  and  reputation,  it 
is  generally  possible  to  obtain  a  lower  price 
than  if  the  other  course  were  adopted.  The 
selection  of  one  firm  to  the  exclusion  of  all 
others  may  aso  suggest  unfairness  on  the 
part  of  the  engineer,  and  may  create  the 
idea  that  his  selection  is  not  without  profit 
to  himself,  although  it  is  to  the  credit  of 
the  profession  and  the  manufacturers  that 
cases  of  bribery  are  so  extremely  rare  as 
to  be  practically  non-existent.  It  may  here 
be  remarked  that  a  good  commercial 
knowledge  (including  the  ability  to  price 
out  roughly  the  present  market  value  of 
any  ordinary  materials  and  labor)  is  a  dis- 
tinct advantage  to  a  specification  writer, 
enabling  him  when  selecting  goods  to 
thread  his  way  through  the  maze  of  trade 
discounts,  discounts  for  cash,  and  special 
discounts    for   large   quantities   with   which 


some  merchants  conceal  the  actual  cash 
price  of  their  manufactures,  especially  as 
in  some  cases  it  is  not  unlikely  that  he 
may  be  called  upon  for  advice  upon  par- 
ticular items  when  the  settlement  of  ac- 
counts  takes  place. 

.■\  matter  which  too  seldom  receives 
thorough  consideration  is  the  question  of 
what  part  (if  any)  of  the  materials  for  the 
works  can  be  obtained  locally.  The  prac- 
tice of  specifying  goods  which  must  neces- 
sarily be  conveyed  long  distances  before 
they  can  be  utilized,  while  equally  satisfac- 
tory materials  can  be  procured  near  the 
site  of  the  works,  argues  negligence  on  the 
part  of  those  responsible  for  drafting  the 
specification,  and  is  usually  due  to  culpable 
ignorance  of  local  conditions.  As  illustrat- 
ing this  point,  a  case  may  be  mentioned 
where  a  contract  was  secured  at  abnorm- 
ally low  prices,  the  contractor  making  a 
good  profit  by  utilizing  the  sand  and 
gravel  obtained  from  the  excavations, 
which  other  less  wideawake  contractors 
had  counted  upon  having  to  bring  several 
miles  by  road.  In  this  instance  it  was  even 
hinted  that  the  contractor  went  to  the  ex- 
tent of  carting  away  alleged  "surplus  ma- 
terial" from  the  site,  which  he  afterwards 
turned  to  his  own  use  and  profit. 

Although  the  preparation  of  bills  of 
quantities  does  not  form  part  of  the  work 
of  writing  a  specification,  it  may  not  be  out 
of  place  to  mention  that  attempts  have  been 
made  in  the  past  to  combine  the  two  docu- 
ments in  one,  but  as  each  has  an  independ- 
ent function,  any  attempted  combination 
must  be  unsatisfactory.  The  bills  of  quan- 
tities are  merely  schedules  of  labor  and  ma- 
terials, arranged  so  that  prices  may  be  con- 
veniently attached,  and  the  endeavor  to 
make  them  serve  another  purpose  is  in- 
evitably foredoomed  to  failure.  Moreover, 
if  the  quantities  are  made  a  part  of  or  an- 
nexed to  the  contract,  and  any  dispute 
should  rise,  the  court  may  hold  that  the 
contract  on  the  builder's  part  was  not  to 
complete  the  works,  but  only  to  execute  the 
quantities. 

It  is  not  possible,  within  the  limits  of 
this  paper,  to  touch  upon  all  the  points 
which  may  arise  in  connection  with  pre- 
paring a  specification,  yet  enough  has  been 
said  to  demonstrate  that  specification  writ- 
ing is  worthy  to  rank  high  among  other 
more  showy,  but  scarcely  more  interesting, 
professional  work;  indeed,  it  requires  for 
its  satisfactory  accomplishment  a  high  de- 
gree of  technical  knowledge,  besides  some- 
thing more  than  a  smattering  of  legal  in- 
formation and  (what  engineers  too  often 
'ack  a  sound  commercial  training).  If,  in 
addition  to  these  qualifications,  the  specifi- 
cation writer  possesses  plenty  of  sound 
common  sense,  allied  to  practical  experi- 
ence in  his  work,  he  will  be  well  fitted  to 
assist  in  dispelling  the  much  too  popular 
fallacy  that  the  preparation  of  specifications 
for  engineering  works  is  a  necessary  but 
uninteresting  piece  of  drudgery,  carrying 
with  it  no  reward  but  that  which  always 
accompanies   work   well   done. 
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The     10,000,000  lb.   Hydraulic    Com- 
pression Testing  Machine,  for  the 
Structural   Materials    Testing 
Laboratories     of     the 
United  States  Geo- 
logical Survey. 

BV    RICHARD  L.    Hf  Ml-JlktV.    M.    AM.    si)c     C.    E. 

ThiTi-  is  bi-iiig  constructed  for  tlic  Struc- 
tural Materials  Testing  U'lboratories, 
CniteJ  States  Geological  Survey,  by  Tini- 
us  C)lsen  &  Co.,  Philadelpliia,  Pa.,  a  ver- 
tical compression  testing  niacliine  of  10,- 
OW.OOo  lbs.  capacity.  This  machine,  hav- 
ing a  gross  weight  of  over  2U0  tons  and  an 
trxtreme  height  above  foundation  of  abou'. 
*"!'  ft.,  is  the  largest  ever  constructed. 

The  machine  was  primarily  acquired  for 
the  purpose  of  testing  large  blocks  of 
stone  made  necessary  by  the  study  of  the 
building  stones  of  the  country,  as  re- 
quested by  the  supervising  architect.  In- 
asmuch as  it  was  demed  desirable  to  study 
the  effect  of  flaws  and  defects  of  the  vari- 
ous kinds  in  large  blocks  of  natnral  stone, 
a  machine  of  this  capacity  was  determined 
upon.  In  order  to  care  for  a  further  re 
quest  of  the  supervising  architect,  for  data 
relative  to  the  strength  of  structural 
colinnns  of  brick  and  concrete,  as  well  as 
of  structural  steel,  the  original  clearance 
between  heads  was  increased  from  25  to 
tw  ft.  .Mreacly  the  need  for  this  machine 
in  the  investigation  of  built-up  structures 
is  established  through  the  urgent  requests 
for  its  early  completion. 

Some  idea  of  its  size  may  be  obtained 
from  the  accompanying  illustration  in  which 
has  been  sketched  one  of  the  chords  ot 
the  Quebec  bridge,  which  collapsed,  and 
also  a  large  chord  which  was  used  in  the 
Blackwell's  Island  bridge.  It  is  readily 
apparent  that  this  machine  is  capable  of 
testing  built-up  structures  of  even  greater 
size  than  those  referred  to. 

The  following  brief  description  has 
been  prepared  because  of  the  interest 
which  has  been  manifested,  and  in  re- 
sponse to  the  frequent  requests  which  have 
been  made  for  information  concerning  the 
machine. 

The  machine  is  a  large  hydraulic  press, 
with  one  adjustable  head,  and  a  weighing 
system  for  recording  the  loads  developed 
in  it  by  means  of  the  triple  plunger  pump. 
It  has  a  maximum  clearance  between 
hea<Is  of  G.">  ft. ;  the  clearance  iK-tween  the 
screws  is  a  trifle  over  (i  ft.,  and  the  heads 
are  6  ft.  square. 

The  machine  consists  of  a  base  contain- 
ing the  main  cylinder  with  a  sectional  area 
of  2,000  sq,  ins.,  upon  which  rests  the  low- 
er platform  or  head  which  is  provided 
with  a  ball  and  socket  bearing.  The  upper 
head  is  adjustable  over  four  vertical 
screws  ( i:?V4  ins.  in  diameter  and  72  ft.,  2 
ms.  long),  by  means  of  gearing  operat- 
ing four  inits  with  ball  bearings  upon 
which  the  head  rests.  The  shafting  oper- 
ating this  mechanism  is  connected  with  a 
variable   speed   motor   which   operates    the 


triple    pliuiger    pump      which     Mipplics     the 
pressure  to  the  main  cyliniler. 

The  weighing  device  consists  of  a  set 
of  standard  "Olsen"  levers  upon  which  is 
weighed  1/80  of  the  total  load  on  the 
main  cylinder.  This  reduction  is  cflFectcd 
through  the  mediinn  of  a  piston  and  dia- 
phragm. The  main  cylinder  has  a  diame- 
ter of  50  ins.,  and  the  smaller  a  diameter 
of  5-i»/10  ins.  The  weighing  beam  is  bal- 
ance<l  by  an  automatically  operated  poise 
weight  and  is  provided  with  a  device  for 
applying  successive  counterweights  of 
I,OUO,tKK»  lbs.   each.     Kach   division  on   the 


A    10.000.000   lb.     Hydraulic     Compression 
Testing  Machine. 

dial  is  equivalent  to  liHi-lb.  loads;  the 
smaller  sub-divisions  are  possible  by 
means   of   an   additional   needle   beam. 

The  power  is  applied  by  means  of  a  15 
11.  P.,  220- volt  variable  speed  inotor  oper- 
ating a  triple  plunger  pump.  The  gearing 
operating  the  upper  head  is  driven  by  the 
same  motor. 

The  extreme  length  of  the  main  screws 
necessitates  splicing,  which  is  accomplish- 
ed as  follows : 

In  the  center  of  the  screws  at  the  splice 
is  a  3-in.  threaded  pin  for  the  purpo.sc  of 
centering  the  upper  and  lower  screws;  this 
splice  is  strengthened  by  means  of  split 
sleeve  nuts,  which  facilitates  the  removal 
of  the  sleeve  nuts  whenever  it  is  necessary 
to  lower  the  upper  head;  after  the  head 
has  passed  the  .splice  the  sleeve  nuts  arc 
replaced. 

In  order  to  maintain  a  constant  load  a 
needle  valve  has  been  provided  which  will 


■illuw,  when  the  pump  is  operated  at  its 
lowest  speed,  a  sufficient  quantity  of  the 
oil  to  flow  into  the  main  cylinder  to  equal- 
ize whatever  leakage  there  may  be.  The 
main  cylinder  has  a  vertical  movement  of 
24    ins. 

The  speed  of  the  machine  for  purpose 
of  adjustment,  using  the  gearing  attached 
to  the  upper  head,  is  10  ins.  per  minute. 
The  .speed  for  applying  loads,  controlled 
by  the  variable  speed  motor  driving  the 
pump,  varies  from  the  minimum  of  at 
least  I/OO  in.  per  minute,  to  a  maximum 
of  at  least  ^4  in.  per  minute. 

The  contract  provides  that  the  machine 
shall  have  an  accuracy  of  at  least  %  of  1 
per  cent,  for  any  load  over  100,000  lbs, 
up  to  the  capacity  of  the  machine. 

Some  idea  of  the  size  of  the  machine 
may  be  obtained  from  a  statement  of  the 
weight  of  its  principal  parts.  The  cast- 
ings for  the  base  and  the  top  head  weigh 
approximately  50.000  lbs.  each.  Each 
main  screw  will  weigh  over  -10,000  lbs.  The 
lower  platform  weighing  aljout  25,000  lbs., 
and  the  main  cylinder  IiJ.'h^ii  lbs.  The  top 
of  the  machine  will  be  about  70  it.  above 
the  top  of  the  floor,  and  the  concrete 
foundation  upon  which  the  machine  rests 
will  be  about  8  ft.  below  the  floor  line. 


Administration    Bill  for  the   Proposed 

Waterway  from  Lockport  to  Utica, 
Illinois. 

.\i  the  last  general  election  the  people  of 
Illinois  voted  in  favor  of  constructing  a 
H-ft.  waterway  from  Lockport.  111.,  the 
end  of  the  present  Chicago  Drainage  Canal, 
to  the  Illinois  River  near  L'tica,  III.  The 
character  of  the  proposed  waterway,  as 
outlined  by  the  Internal  Improvement  Com- 
mission, was  described  in  our  issue  of 
Oct.  1-J,  1908.  The  tirst  step  toward  carry- 
ing out  this  project  is  legislative  provision 
for  the  administration  and  financing  of  the 
work.  A  bill  to  this  end,  which  is  understood 
to  embody  the  ideas  of  the  Internal  Im- 
provement Commission  and  is.  therefore, 
known  as  the  .-idminist ration  bill,  has  been 
introduced  into  the  Illinois  Legislature. 
The  outline  of  the  plan  embodied  in  this 
measure  is  as  follows : 

.\  board  of  live  commissioners  is  to  be 
ap]>ointed  by  the  governor,  the  first  board 
to  hold  oflice  until  July  1,  1!)1,">.  Iheir  suc- 
ces,sors  also  shall  lie  ap|M tinted  by  the  gov- 
ernor and  their  icmis  shall  be  six  years. 

The  hoard  may  adopt  an  official  seal ;  all 
deeds  and  contracts  shall  l)c  made  in  the 
name  of  the  board  of  commissioners  of  the 
Illinois  deep  waterway,  btit  the  Imard  shall 
tiot  be  considerr<l  a  distinct  corporation. 

Each  commissioner  is  required  to  make 
oath  or  alVirni.'ition  faitlifidly  to  dis- 
charge his  duties  and  to  give  bond  of  $25,- 
noo. 

The  commissioners  arc  to  receive  $5,000 
a  year  salary,  while  the  chairman  is  to  get 
an  additional  $2,0(ifi.  making  his  salary  $7.. 
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000  as  long  as  he  is  chairman.     The  board's 
attorney  shall  receive  $6,000  a  year. 

The  route  for  the  waterway  or  canal 
shall  be  through  and  along  the  sanitary 
district  channel,  from  the  power  plant  at 
Lockport  to  Joliet,  thence  in,  along,  or  near 
the  Desplaines  river  to  Utica.  The  water- 
way shall  have  a  depth  throughout  its 
course  of  not  less  than  14  ft.  and  a  bottom 
width  of  not  less  than  200  ft.,  and  shall  be 
equipped  with  locks  and  dams  so  as  to 
make  it  a  navigable  channel  throughout  its 
entire   length. 

Regarding  the  expenditures  for  tlie  work 
Section  6  says  : 

"The  said  board  before  entering  into  any 
contract  for  the  construction  of  any  part  of 
the  said  deep  waterway  or  canal  or  any 
part  of  the  said  public  works  connected 
therewith  shall  cause  to  be  made  plans  and 
specifications  for  the  said  public  works,  to- 
gether with  reliable  and  carefully  prepared 
estimates  of  the  cost  of  constructing,  com- 
pleting and  installing  all  of  said  public 
works,  which  plans  and  estimates  shall 
show  to  the  satisfaction  of  said  board  that 
the  total  cost  of  the  construction,  comple- 
tion and  installation  of  said  public  works 
can,  with  certainty,  be  accomplished,  with 
the  proceeds  of  the  $20,000,000  of  state 
bonds  authorized  to  be  issued  by  the 
amendment  to  the  constitution  of  the  state 
of  Illinois  adopted  by  the  vote  of  the  peo- 
ple in  the  year  1908,  and  no  changes  shall 
thereafter  be  made  in  the  said  plans  and 
specifications  which  in  the  opinion  of  the 
said  board  would  have  the  effect  of  in- 
creasing the  aggregate  cost  of  said  public 
works  to  an  amount  in  excess  of  $20,000,- 
000." 

The  letting  of  contracts  is  covered  in 
Section  8  of  the  bill  as  follows : 

"All  contracts  for  work  to  be  done  by 
said  board  under  the  authority  of  this  act, 
the  expense  of  which  will  exceed  $500, 
shall  be  let  to  the  lowest  responsible  bid- 
der therefor  upon  not  less  than  thirty  days' 
public  notice,  the  terms  and  conditions 
upon  which  such  contracts  are  to  be  let  to 
be  given  by  publication  in  a  newspaper  of 
general  circulation  in  the  state  of  Illinois, 
and  also  in  an  engineering  paper  having 
general  circulation  in  the  United  States. 
And  said  board  shall  have  power  and  au- 
thority to  reject  any  and  all  bids  and  re- 
advertise  ;  provided,  however,  said  board 
may  cause  any  piece  of  work  to  be  per- 
formed by  the  direct  employment  of  labor, 
without  the  letting  of  a  contract,  which 
in  the  discretion  of  the  board,  evidenced 
by  the  affirmative  vote  of  not  less  than  four 
of  the  commissioners,  can  be  most  econom- 
ically performed  by  that  method." 

Section  12  provides  that  on  Jan.  1  of 
each  year  the  board  shall  make  a  full  report 
to  the  governor  of  all  expenditures  in  the 
12  months  up  to  Nov.  30  preceding. 

Section  13  gives  the  board  authority  to 
lease  water  power  on  the  following  condi- 
tions : 

"No  lease   shall  be  made  of   any  water 


power  until  the  machinery  and  appliances 
for  making  the  same  available  shall  have 
been  constructed  and  substantially  com- 
pleted. Before  any  such  lease  shall  be 
made  at  least  30  days'  public  notice  of  the 
intended  letting  shall  be  given  by  publica- 
tion in  a  newspaper  published  in  the  city 
of  Springfield  and  also  in  the  city  of  Chi- 
cago and  such  other  notice  as  the  board 
shall  deem  best.  ...  No  lease  shall 
be  for  a  period  exceeding  10  years,  but  the 
said  board  may  provide  for  the  extension 
of  any  lease  from  time  to  time  not  exceed- 
ing 10  years  at  any  one  time  at  a  rent  to 
be  fixed  by  an  appraisal  to  be  made  by 
three  distinguished  appraisers,  to  be  se- 
lected or  appointed  in  such  manner  as  shall 
be  provided  in  the  lease." 

Under  section  14  all  rents  and  other 
moneys  received  by  the  board  shall  be 
deposited  in  the  state  treasury  as  a  separate 
fund. 

The    indications    are    that    n-anv    amend 


The  shackle  is  a  solid  forging  3Vi  ins.  in 
diameter;  the  eyes  measure  8  ins.  across, 
and  each  of  the  four  legs  is  3  ins.  wide. 
The  head  bolt  is  3  ins.  in  diameter.  The 
straps  are  all  4%x%-ins.  and  welded  at 
the  head,  where  they  are  swelled  to  a 
diameter  of  8  ins.  across  the  eye,  corre- 
sponding to  the  diameter  of  the  lugs  of 
the  shackle.  The  straps  extend  through 
the  shell  and  a  1%-in.  stiffener  bolt  goes 
through  them  at  the  bottom.  The  gidvan- 
ized  and  metalined-bushed  sheaves  are 
15%x2?4-ins.  and  run  on  a  2-in.  pin  On 
each  cheek  there  are  three  3/16-in.  plates 
to  prevent  splitting  and  the  shell  i.s  held 
together  by  four  sets  of  cross  rivets. 

These  blocks  were  built  by  the  W.  W. 
Patterson    Co.,    of    Pittsburg,    Pa. 


The  25th  annual  meeting  of  the  Connecti- 
cut Society  of  Civil  Engineers  will  be  held 
Feb.  9  and  10  at  Pythian  Hall,  11  Central 
Row,    Hartford.    Conn.      The    program    in- 


Six-Sheave  Wooden   Block. 


nients  will  be  offered  to  tliis  bill.  Probably 
the  most  strenuous  fight  will  be  made  by 
the  advocates  of  an  alternative  scheme 
worked  out  by  Mr.  Lyman  E.  Cooley.  Mr 
Cooley's  plan  provides  for  a  24-ft.  channel 
and  a  different  system  of  operation  and 
administration. 


Six-Sheave    Wooden   Blocks    for   the 

Havre  de  Grace  Bridge 

Erection  Plant. 

The  accompanying  view  shows  one  of 
eight  large  wooden  blocks  being  used  in 
the  erection  of  the  steel  work  for  the  Bal- 
timore &  Ohio  R.  R.  bridge  at  Havre  de 
Grace,  Md.  Each  block  weighs  1,350  lbs., 
measures  30  ins.  across  the  shell  and  has  a 
rated  capacity  of  60  tons. 


eludes  the  following  papers;  "Reinforced 
Concrete  Sewer  at  New  Haven,"  by  Henry 
J.  Kellogg,  New  Haven ;  "Tunnel  and  Con- 
crete Sewer  at  Hartford,"  by  Roscoe  N. 
Clark,  Hartford ;  "Some  Observations  on 
the  Life  of  Steel  Bridges,"  by  Herbert  C. 
Keith,  New  York  City;  "The  Engineer  In 
Court,"  by  Edward  W.  Bush,  Hartford ; 
"Reinforced  Concrete  Locomotive  House 
at  Waterbury,"  by  G.  M.  Foley,  Water- 
bury;  "Costs  of  Sewer  Work,"  by  J.  Fred- 
erick Jackson,  New  Haven ;  "An  Efficient 
Indexing  System,"  by  Wm.  Gavin  Taylor, 
Waterburv. 


During  1908  20  civil  service  examina- 
tions were  held  for  positions  under  the 
New  York  State  Engineer.  The  total 
number   of   appointments   was   480. 


Engineering-Contracting  Monthly  Review  Index 
of  Civil  Engineering  Literature. 


A  classified  iiidi-x  aiul  review  of  the  civil  eiiKinccring  papers, 
arlirlcs.  reports,  pamphlets  and  books  published  durinn  the 
nioiiih  just  passed  is  given  in  the  succeeding  pages.  The  lit- 
cralf.re  indexed  and  reviewed— with  the  exception  of  books — 
relates  solely  to  civil  cngimoring.  In  the  section  devoted  to 
Book  Reviews  all  books  in  all  branches  of  engineering  are  list- 
ed as  received  and  such  of  them  as  seem  worthy  are  reviewed 
as  fully  as  due  regard  for  conciseness  will  permit.  In  choosing 
books  for  review  rigid  selection  is  exercised.  Next  to  careful 
choice  of  books  for  review  timeliness  of  review  is  sought.  .Ml 
books  are  reviewed  within  a  month  of  their  receipt.  The  same 
statement  is  true  of  the  articles  and  papers  that  are  indexed. 
.Mso.  as  in  choosing  books  for  review,  the  choice  of  articles  and 
papers  for  indexing  is  based  on  merit.  Numerical  strength  in 
"titles  indexed"  is  not  sought;  excellence  of  selection  is  sought. 


I  he  purposes  of  the  Monthly  Review   Index  ar.  •o 

inform  civil  engineers  and  .  of  the  articles  aisJ  p^pen 

of  merit  that  arc  publislu-ii  tli.  in  «Mrh  a  way  as  will 

give  a  clear  idea  of  their  cli.n.icui  ,■;  |,  to  supply 

the  user  with  the  date  and  place  oi  i    length  of 

each  article  and  the  cost  at  which  it  can  be  secured.  The  name, 
adopted  abbreviations,  place  of  publication  and  price  per  number 
of  each  periodical  examined  for  civil  engineerini;  articles  are 
given  in  the  list  immediately  following.  The  other  information 
is  given  in  the  index  proper  for  each  article  separately. 

Books  reviewed  will  be  sent  post  paid  on  receipt  of  price  by 
the  Book  Department  of  Enci.veerinc  Contracti.nc;  periodicals, 
etc.,  containing  articles  indexed  should  be  ordered  direct  from 
the  publishers. 


LIST  OF  PERIODICALS  INDEXED. 


AineilLiiii    Archllect    (Am.    Arch.).    New   York,    N.    Y.;    w;    7x10    In.: 

1.5  cts. 
.Ani.Tlcan  Builders'  Review  (Am.  BIdrs.  Rev.).  San  Francisco,  Cal  ; 

m:    Txlw  In.;   50  cts. 
Aniprl«in  Carpenter  and  Builder   (Am.  Car.  &  Bldr.).  Chicago,  III.; 

New  York,   N.   Y. ;   m:   7x10  In..  20  cts. 
American    Engineer  and    K.    R.    Journal   (Am.    Engr.   &    R.    R.    Jl  ) 

York.   N.    Y.;    m:    7x10   in.;   20  cts. 
Aniirican    Gas    LlKht    .Journal    (Am.    G.   L.   Jl.),   New   Y'ork;    N.    Y.; 

w;    lOxlj   in.;   10  cts. 
American  Institute  of  Electrical  Engineers  Proceedings   (Am.   I    of 

E.  E.  Proc).  New  York.  N.  Y.;  m:  4x7  In.;  50  cts. 
American  Macliinisi   (..\m.   .Mchst.).  New  York;   w;   7x10  in.;  15  cts. 
.\inerican    Sodct.v  of  Civil    Engineers   Proceedings   (Am.    Soc.   C.   E. 

Proc),  New   York.   N.   Y. :  m;  4x7  In.;  75  cts. 
American  Society  of  Mechanical  Engineers  Proceedings   (Am.   Soc. 

M.  E.  Proc),  New  York.  N.   Y.;  m;   4x7  in.;  50  cts. 
Annales  des  Ponts  et  Chaussees  (An.   P.  &  C),  Paris,  France;   m. 
Applied  Science.  Toronto.  Ont.;  m;  6x9  In.;  20  cts. 
Architects   and    Builders   Journal    (Arch.    &   Bldrs.    Jl.),    Baltimore, 

.Md.;  m;  9x12  in.:  20  cts. 
Architects    and    Builders    Magazine    (Arch.    &    Bldrs.    Mag.),    New 

York.   N.   Y. ;   m:   5xS  In.;   20  cts. 
Architect   and   Engineer  of  California   (Arch.   &  Engr.),  San  Fran- 
cisco. Cal.;   m;   5x7  in.:   15  cts. 
Ca.ssler's  .Magazine  (Cas.  .Mag.),  New  York;  m;  5xS  In.;  25  cts. 
International    Railway    Congress    Bulletin     (Int.     Ry.    Cong.     Bui.), 

Brussels;  m;  50  eta. 
California  Journal  of  Technology  (Cal.  Jl.  of  Tech.),  Berkeley.  Cal.: 

ni:    4x7    in.:    25   cts. 
Canadian  Architect  (Can.  Arch.),  Toronto,  Ont.;  m;  7x19  In.;  20  cts. 
Canadian  Cement  and  Concrete  Review  (Can.  Cem.  &  Cone.  Rev.), 

Toronto.    Ont. 
Canadian  F;nclneer  (Can.  Engr.).  Toronto.  Ont.;  w;  7x11  In.;  10  cts. 
Canadian  .Maclilnery  and  Manufacturing  News  (Can.  Mach.  &  Mfg. 

News).  Toronto.  Ont.;  m;  7x10  In.;  15  cts. 
Canadian    .MInInt,-    Journal    (Can.    Min.    Jl.),    Toronto,    Ont.:    bl-w; 

7x10  in.,  20  cts. 
Caii.i.llan    .Municipal   Journal    (Can.    Mun.   Jl.),    Montreal,   Que.;    m; 

i;\xlO  In.:    10  cts. 
Canadian   .Society  of  Civil    Engineers  Proceedings    (Can.   Soe.   C.    E. 

Proc).  .Montreal:  m;  4x7  In.;  50  cts. 
Carpentr>-    and    Building    (Carp.    &    Bldg.).    New    York,    N.    Y.:    m: 

llx.S  m.:   10  cts. 
Cassier's  .Magazine  (Cas.  Mag.).  New  York:  m;  5x8  in.;  25  cts. 
Cement.  .Vew  York.  N.  Y.:  bi-m:  5xS  in.:  25  cts. 
Cement  AK"-   'Cem.   Age),   New  York,  N.  Y.;  m;   4x7  in.:  10  cts. 
Cement  and  Engineering  News  (Cem.  &  Eng.   News),  Chicago,  III.; 

7x10  in.;  2.".  cts. 
Cement    ICra   (Cem.   Era).  Chicago.   111.;  m;  7x10  In.:   10  cts. 
Cement   World   (Cem.  Wld),  Chicago.  111.;  m;  9x11   in.;   10  els. 
Chemlial  Engineer  (Clicm.   Engr.).  Chicago.   111.;   m:  4x7  in.:   15  cts. 
Clay    Worker   (CI.   Wkr.i.   Indianapolis.    Ind.;  m;  7x10  in.;   20  cts. 
Compre.ssed  Air  (Comp.  Air).  New  York.  N.  Y.,  m;  5x7  In.:   10  cts. 
Concrete,  Detroit.   .Mich.;  m:  6x9  in.;   15  cts. 
Concrete  Age   (Cone.    Age).   Atlanta,  Ga. :  m;  9x11   In.;   10  cts. 
Conciete    and    Constructional    Engineering    (Cone.    &    (^ona.    Eng.), 

London.  England:  m:  5x7  in.:  25  cts. 
Concrete    Engineering    (Cone.    Eng.).    Cleveland,    O.;    m;    7x10    In.; 

10   cts. 
Contractor  (Contr.),  Chicago,  III.;   bl-w:  7x10  In.:  20  cts. 
Cornell  Civil  Engineer  (Cor.  Civ.  Engr.),  Ithaca,  N.  Y.;  m;  4x7  In.; 

25  cts. 
Domestic  Engineering  (Dom.  Engr).  Chicago,  HI.:  w;  6x9  in.;  lOcts. 
Earth  and    Rock.  Chicago,   111.;   bl-w:  7x10   In.:   10  cts. 
El.ctrlcal  Age  (Elec.   Age).  New  York.  N.  Y. ;  m;  7x10  In.;   10  cts. 
Electrical   Review   (Elec.    Rev),   New    York,   N.    Y.:  8x10  In.;    10  cts. 
Electric    Itallway    Journal    (Elec.    Ry.    Jl.),    New    'iork,    N.    Y.;    w; 

7x10  in.:    10  cts. 
Electrical  World  (Elec.  Wld.),  New  York.  N.  T.;  w:  7x10  In.:  10  cts. 
Electric   Traction   Weekly    (Elec.    Trac.    Wkly.),  Chicago,     III  ;     w: 

7x10   In.:    10   cts. 
Engineer   (Engr.    Lon),  T.,ondon.  England;  w;  4x11    In. 
Engineer  (Engr).   Chicago.   HI.;   bl-w:  7x10  In.;   20  cts. 
Engineer   (Eng  ).    I,ondon.    England:   w:   Sxll    In. 
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ROADS    AND    STREETS. 

Modern  Road  Management.— By  E.  Pur- 
nell  Hooley.  Gd.  Rds.  Mag.,  January.  1909: 
1%  pp. 

A  paper  presented  at  the  First  Interna- 
tional Road  Congress.  It  discusse.-  the 
maintenance  of  roads  in  view  of  tlie  in- 
creasing  use   of    motor   veliicles. 

Trunk  Line  Highways  in  New  England. — 
Gd.  Rds.  Mag.,  January.   1909;   6  pp. 

A  discussion  of  higliways  and  their  uses, 
by  Harold  Parker,  chairman  of  the  Mas- 
sachusetts Highway  Commission  and  James 
H.  MacDonald,  State  Highway  Commission- 
er of  Connecticut. 

Small  Cubes  for  Road  Paving. — Mun.  Jl.  & 
Eng.,   Jan.    6.    1909;    I/2    P- 

A  suggestion  for  improving  macadam 
roads  by  placing  2 -in,  cubes  of  stone  or 
artificial    material. 

Examination  of  Road  Tars. — Mun.  Jl.  & 
Eng..  Jan.  6.   1909;  II2  PP. 

Describes  some  English  methods  of  test- 
ing tars  to  be  used  for  road  purposes.  De- 
scribes the  kinds  of  tars  used,  their  desir- 
able  characteristics,    and    various    tests. 

Asphalt  Testing — Penetration. — By  Harry 
Tipper.  Mun.  Jl.  &  Eng.,  Jan,  6,  1909;  2V^ 
pp. 

Describes  a  number  of  complications  of 
this  test  and  recommends  a  limit  of  varia- 
tion in  penetration  at  different  tempera- 
tures. 

Systems  of  Highway  Administration  Com- 
pared.— By  W.  Rees  Jeffreys.  Surveyor. 
Dec.    2ri,    1909. 

This  is  a  conclusion  of  a  comparative  ex- 
amination of  the  higliway  systems  of 
France.  England.  Wales,  Scotland.  Spain, 
Holland  and  other  countries.  The  article  in- 
cludes a  summary  in  tabular  form  of  the 
systems  of  higliway  administration  in  the 
various  countries. 

The  Construction  of  Sand-Clay  Roads.— 
By  W.   I..   Spoon.    Eng.-Contr..  Jan.   27.  1909; 

1    p. 

General  article  describing  construction  of 
sand    clay    roads. 

The  Work  of  the  Municipal  Asphalt  Re- 
pair Plant  of  Indianapolis.  Ind. — Eng.- 
Contr..   Nov,   27,   1909;   %    P. 

Gives  some  general  cost  figures  on  as- 
phalt repair  work  at  Indianapolis  in   1908. 

Notes  on  Highway  Improvements. — By  D, 
McD.  Campbell.  Can.  Eng.,  Jan.  S,  1909; 
SVe    pp. 

A  paper  devoted  to  location  and  grades  of   ■ 
wagon   roads  and  especially  the  drainage   of 
roads,     considering     surface     drainage,     side 
ditches   and    subsoil    drainage. 

Report  on  the  Recent  First  International 
Road  Congress. — By  N.  P.  Lewis.  Eng. 
News.    Jan.    21.    1909;    4%    pp. 

Abstract  of  a  report  made  to  tlie  Board 
of  Estimates  and  Apportionment  of  New 
York  city  by  its  chief  engineer,  Mr.  Lewis. 
Sunnnarizes  the  information  presented  in 
the  papers  and  discussions  before  the  Con- 
gress. 

Removing  Snow  from  Streets  with  a  Road 
Grader,  and  Some  Costs. — Eng.-Contr..  Jan. 
6.   1909;    %  p. 

Describes  method  employed  in  New  York 
City  of  removing  snow  from  the  streets,  a 
road   grader   being  used   for   the  work. 

Examination  of  Tars  for  Use  on  Roads. — 
Eng.-Contr.,    Jan.    13,   1909;   2%, 

Describes  some  English  methods  for  the 
examination  of  tars  to  be  used  on  roads. 

Standard  Specifications  for  Portland  Ce- 
ment Roads  and  Portland  Cement  Sidewalks. 
—Eng.   Contr.,   Jan,   20,    1909;    1%   PP. 

The  specifications  were  prepared  by  a 
special  committee  of  the  National  Associa- 
tion of  Cement  Users,  and  were  submitted 
at  the  recent  annual  convention  of  that  as- 
sociation. 
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CALCULATION 

BY   THE    NEW 
System  of  "Products  or  Dividends" 

Beats  any  machine  dj  5  This  absurdly 
Costs    only  «PO.  low  price  pro- 

hibits expensive  "ADS."  So,  by  all 
means  get  particulars  before  you  lose 
this  address — Box  22,  San  Francisco,  Cal.  I 


Reinforced  Concrete 

A  Manual  of  Practice 

By  ERNEST  McCULLOUGH,  C.  E. 

THIS  book  was  written  for  the  practical 
concrete  worker — the  man  on  the  Job— 
who  has  not  the  requirements  of  statics  and 
the  theories  of  the  mathematician  at  his 
tongue's  tip  but  who  desires  in  plain  words 
the  fundamentals  of  correct  design  and  the 
practice  of  sound  and  economical  construc- 
iion  work. 
Cloth  5x75  inches;  136  pages;  illustrated; 
price  $1.50  net,  postpaid. 

The  Myron  C.  Clark  Publishing  Co. 

355  Dearborn  Street,  CHICAGO,  ILL. 
13-21  Park  Row.  NEW  YORK 


JUST    OUT 
Law  and   Business  of 

Engineering  and  Contracting 

Bv  CHAS.  EVAN  FOWLER,  C.  E, 
.-       ^    r-     V-        <:„.  r   rr  ■   Soc  for  the  Promotion  of  Eng.  Education, 
^'"^'^^^f^Ji.tfior^st^c'it  hJ°:dVattle  Boars  of  Park  Comrs. 

This  book  IS  the  development  of  a  series  of  lecttvres  dehyered  to 
the  engineering  students  of  the  University  of  Washington.  It 
contains  numerous  forms  and  blanks  for  practical  use. 

CHAPTER  I.--Relation   Between  fheEn^g^l^^l^^^ 
Contracts.     Ill  .—Ordinary   Specifications      IV^bpecia^r     ^jj  _j.s,in,ating  Materials  and  the 
Fols  of  Contracts.     VI  .-Inspection  of  ^n^nenngW^o^rk.^J^.^^  ^^^^      IX. -Organization  ot 
Costs  of  Engineering  Structures.  ,  V    ;,o.5  I  aw 
Contract  Work.    X.-Essentials  of  Contract  Law^  ^^   ^^^ 

17  i  Pages. 


Published  by  the 

McQraw   Publishing  Company,  Book   Dept 

230  West  ?9th  Street  


XEW    YORK 


*'The  Corrosion  of 
Iron  and  Steel" 

By  ALFRED  SANG— With  Discussion 

A  very  complete  paper  with 

reference  to  an  extensive 

biography. 

Jamiary,  1909. 
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Lift    Bridges 

— A    Discussion 


By  H.  S.  PRICHARD  and  15  others 

An    extensive    paper    with 
about  40  illustrations. 

February,  1909. 


The  Journal 

OF 

Western  Society 

OF 

Engineers 


Proceedings 

The  Engineers'  Society  of 
Western  Pennsylvania 

50  cents  per  copy.  $5  per  year. 

E.  K.  HILES,  Secretary 

803   Fulton   Building,    PITTSBURGH 


is  a  high  grade  bi-monthly  illustrated 
magazine  of  about  one  hundred 
pages  in  each  number,  and  contains 
the  original  papers  of  engineering 
interest  that  have  been  presented  to 
the  society,  with  the  discussion  of 
the  same.  These  papers  treat  of 
subjects  in  all  lines  of  engineering, 
are  well  illustrated  and  should  be  of 
value  to  engineers,  chemists,  scien- 
tific and  business  men  everywhere. 

The  Subscription  Price 
is  $3.00  a  Year 

The  circulation  is  about  1,600 
copies  of  each  issue,  six  times  a  year. 

The  Journal  is  a  valuable  advertising 
medium,  as  it  goes  all  over  the  worl.l  and  to  a 
high  class  of  technical  readers.  Advertise- 
ments, if  ot  interest  to  engineers,  may  be 
published  in  the  Journal. 

For  rates  or  other  information  concerning 
the  Journal  of  the  Western  Society  of 
Eneineers  address  or  call  upon  the  Secretary, 
I73.S  Monadnock  Block,  Chicaco. 
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Water    Filtration. 
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Standard  Detail*  for  Highway  Construc- 
tion.—  KiiK -L't'iiti'..   Jiiii-    6,    lyun;    1 's    pp. 

lUtiHtnitfS  anil  (l**i4t'rllii'M  hhiiu*  of  the 
nluiiilarilH  of  the  Munsui'liUMttlti  lilKliwa} 
CoiiinilMxInn.  fur  dralnw,  i-atcli  txiKlna. 
f«»n»H'«.    «*tr. 

The  Mineral  Rubber  Pavements  of  the 
South  Park  System,  Chicago.  Kiik  Ut-r.. 
Juii.   3U,    1  ■)!>!):    IS    PP. 

A  cipacrlptlon  Ik  given  i>f  tlilH  iii-w  piivo- 
nii*nt  aiiil  (In*  iiiflhiul  iiHitl  In  layiiiK  It  In 
thi'   piirks   iif   iMili'aKti. 

SEWRRS. 

The  Construction  of  the  Bronx  Valley 
Sewer. —  Kiik    Kit.    Jan.  '.i.    I'.in'.i;  :j   i-;j  pp 

A  «lfH(-rlptlnn  of  the  trunk  Hewer  1h  Klven 
tt.s  well  an  the  methudx  ubwI  In  eon»truellnR 
It.    toRether    with    the    tools    ami    appllanei  h 

UHetl. 

Asphalt  Sewer  Pipe  Joints  at  Monmouth. 
Illinois. — liy  John  S.  Hate.".  KnK  Itec,  Jan. 
».    1»09;    1    p. 

Dencrlhes  the  laying  of  two  pipe  sewei^. 
for  which  asphalt  was  used  to  make  the 
Joints  water  tight.  The  author  believes  such 
a  Joint  Is  made  hetter  than  the  ordlnar> 
eement    Jt>lnt. 

Cost  of  a  66- Inch  Brick  Sewer  at  Gary, 
Indiana.— By  ic.  M.  Schellow.  Eng.  Ree.. 
Jan.  2.  llios:   l  p. 

The  cost  of  the  work  In  detail  Is  given. 
Il8te<l  under  different  heads,  as  excavation, 
pumping,  hauling  materials,  sheeting,  lay- 
ing sewer,  materials,  back  lining,  general 
ex(>erise   antl    total    cost. 

Sewage  Purification  vs. 
— Hy  tieorge  »'.  Whipple. 
Jan.   6.   1909;   3^i    pp. 

A  paper  rrad  before  the  American  Society 
of   Muiiiripal    Improvements. 

Concrete  Viaduct  for  a  Sewer. — By  W.  R. 
Worlhlngton.  Can.  Eng..  Jan.  29.  1909;  Us 
pp. 

An  account  Is  given  of  the  construction  of 
a  concrete  viaduct  built  for  htiilding  a 
sewer,      riiotographs   ami  plans  are  shown. 

A  System  of  Collecting  Cost  Data  with 
Particular  Reference  to  a  Sewer  Contract. — 
Engr.-C'ontr..    Jan.    13.    l!i(i'.i;    :!•;,    pp. 

The  system  of  collecting  cost  data  de- 
scribed In  this  article  Is  that  used  by  a  large 
construction  company.  Blanks  are  shown 
for  recording  costs.  The  method  of  collec- 
tion  Is   described   In   detail. 

Cost  of  Constructing  a  66-ln.  Sewer  at 
Gary,  Ind. — Kng.-Contr..  Jan.  27  19ii9-  I'i 
PP 

This  sewer  was  constructed  thiough  quick 
sand,  which  was  made  dr>-  by  sinking  well 
points  and  pumping.  The  detailed  costs  of 
each   part    of  t.ie   construction  are  given. 

WATHRWORKS    A\n    HYDRAULICS 

A  Glance  at  the  Water  Supply  of  Phila- 
delphia.—By  John  C.  Trnulwlne.  Jr.  N.  K. 
W.    W.    .\ssn.,    Dec.    190S;    22   pp. 

A  short   history  of  the  water  supply  of  this 
city    during    the    past   lon    years,    with   a    de- 
scription   of    the    present    water    works.     In 
eluding  tlie  flllratlofl   plant.   Is  given. 

Stream  Flow  Data.— By  Charles  K.  Chand- 
ler.    N.    K     \V.    W.    .\sso..    Dec,   190S:   9   pp. 

Tables  showing  the  stream  How  of  the 
Sutlbury  River  from  1875  to  1S9K,  the  .foutl. 
Branch  of  the  Nashua  from  1897  to  1906,  and 
the  Merrlmac  River  from  1890  to  1906  art 
given. 

The  Conservation  of  Water  Resources. — 
By  .M.  <  >.  I,<lKhton.  N.  E.  \V.  \V.  .\ssr... 
Dec,  190S:   7  pp. 

A  plea  for  the  systematic  conservation  of 
water  resources  for  water  supply,  power 
and  navigation,  and  showing  engineers  that 
It  Is  their  duly  to  educate  the  public  on  this 
subject  In  order  to  obtain  the  proper  legis- 
lation. 

The  New  Covered  Filters  for  Yonkers.  N. 
Y. — K"ng     Ree  .    Jan.    16,    1909:    2'j    PP 

Ocsirlbes  the  additional  llllers  built  by 
this  town,  showing  drawings  of  many  of  the 
details. 
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WATER  POWER  ENGINEERING 

By  UAMEL  W.  MEAU. 
Proltssor  of  Hydraulic  ami  Saniiiry  hittiiuf'ft.  Univtriily  ol  Wucotuin. 


Chapter  I  — Introduction.  The  Kiitory  of 
Water  Power  Development.  II — Power.  III. — 
Hydraulics.  IV — Water  Power.  Study  of  the 
Power  o(  a  Stream  m  AITcctcd  by  I'low.  V. — 
Water  Power  (continued).  Study  o(  the  Power 
of  a  Stream  a?  AfTrcrH  by  Head.  VI.— Rainfall 
yil— The    Disi  R.iinfall       VIII  — 

Run-ofl.    IX.— I  uiuedl.    X— Stream 

Flow.     XI.— Th.  lit   '.t  Stream   Plow. 

Xll— Water  Wh. .  S  .XllI- Turbine  Detailt 
and  Aiipurtcnanccs.  XIV. — Hydraulics  of  the 
Turbine      .XV  —Turbine  Testing.     XVI  — Selec- 
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CRANES 

Their  Construction,  Mechanical  Equipment  and  Working 

By  ANTON   BOTTCHER 

Translated  and  Supplemented  with  American,  English  and  Continental  Practice 

By  A.  TOLHAUSEN.   C.  E. 

GEXERAL  CONTEXTS — First  Principles  or  Fundamental  Formulas 
Used  in  Crane  Building  Practice;  Statics,  Dynamics,  Elasticity 
and  Strength.  General  Arrangement  of  Cranes;  Traveling,  Rota- 
tory, Sheer  Legs  or  Mast  Cranes,  Special  Crane  Accessories. 
Crane  Driving  Principles;  Hand,  Shaft,  Steam,  Hydraulic. 
Electrical.  Crane  Parts  or  Accessories.  The  Design  and  Calcu- 
tion  of  Crane  Girders;  Full  Plate,  Lattice.  Descriptions  and 
Calculations  of  Various  German,  American  and  British  Crane 
Installations.  Fourteen  Specifications  of  Various  Crane  Types. 
Supplementary  Tables.  An  Index  to  the  Articles  and  Papiers 
Published  on  Cranes. 

A  Review  of  the  Whole   of  Crane  Building 

D.  VAN  NOSTRAND  COMPANY 

■2:?  Mtirravand   27  W.irrfn  Stn.-is    \F\V  YORK 
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Goderich  Sedimentation  Basin. — By  J. 
Grant  MacGregor.  Can.  Engr.,  Jan.  1,  1909; 
Shi   pp. 

In  this  article  the  writer  describes  the  de- 
sign of  the  concrete  sedimentation  basin 
built  by  the  Canadian  town  of  Goderich  to 
improve  their  water  supply.  Illustrated  with 
a    number   of   drawings. 

Vancouver's  Water  Supply. — Can.  Engr., 
Jan.  15,   1909;   2  pp. 

A  description  of  the  new  water  supply  of 
this  city.  Much  of  the  article  is  given  over 
to  the  wooden  pipe  line  built  to  carry  the 
water.     Some  costs  are  given. 

Wrought  Iron  Cement  Lined  Water  Pipe. 
— By  Leonard  Metcalf.  Eng.  News.  Jan.  7, 
1909;    5%    pp. 

This  is  a  very  complete  record  of  the  ex- 
perience of  New  England  cities  with  the 
making,  laying  and  service  of  cement  lined 
wrought  iron  water  pipe.  The  early  his- 
tory, tests,  manufacture,  carrying  capacity, 
cost  and  general  experience  with  such  pipe 
are  all  discussed.  There  are  many  cost 
data.  A  concluding  section  summarizes  the 
advantages  and  disadvantages  of  cement- 
lined  pipe. 

Novel  Reinforced  Concrete  Tower  and 
Tank. — By  R.  B.  Tufts.  Eng.  News,  Jan.  7, 
1909;    1%    pp. 

Describes  and  shows  essential  details  of 
tower  and  tank  which  is  a  hollow,  chimney- 
like shaft,  30  ft.  inside  diameter  at  the 
ground  and  tapering  to  a  truly  cylindrical  22 
ft.  inside  diameter  at  a  point  90  ft.  above 
ground,  where  it  supports  a  100.000-gallon 
cylindrical  tank  with  a  spherical  bottom. 
The  structure  is  wholly  of  reinforced  con- 
crete; methods  of  construction,  strains,  and 
structural   details   are  stated  briefly. 

Failure  Under  Test  Load  of  a  Reinforced 
Concrete  Reservoir,  Annapolis,  iVId. — By.  R. 
H.  Danforth.     Eng.   News,  Jan.   14.   1909;   1  p. 

Reservoir  had  slab  and  beam  roof  carried 
on  columns  and  a  slab  floor.  Failed  under 
test  load  by  sheering  of  column  footings. 
Article  describes  construction  and  charac- 
teristics of  the  failure. 

Cement  Lined  Water  Pipe. — Mun.  Jl.  & 
Eng.,  Jan.   6,   1909;   SVs   pp. 

From  a  paper  by  Leonard  Metcalf,  read 
before  the  New  England  Water  Works  As- 
sociation. It  describes  briefly  tlie  types  of 
construction  and  gives  statistics  relative  to 
its  use.  The  advantages  and  disadvantages 
as  compared  with  cast  iron  pipe  are  also 
discussed. 

Stovepipe  Wells. — Mun.  Jl.  &  Eng..  Jan. 
13.    1909;    11/2    pp. 

Describes  method  employed  by  the  Board 
of  Water  Supply  of  New  York  City  in  sink- 
ing wells.  The  well  is  a  double  casing  of 
short   lengths  of  pipe  forced   down   by  jacks. 

Stresses  in  Masonry  Dams. — By  William 
Cain.  Am.  Soc.  C.  E.  Proc.  January,  1909; 
15  pp. 

A  mathematical  discussion  of  the  stresses 
in  masonry  dams  and  their  effect  on  the 
design  of  such  structures. 

New  Intake  Tunnel. — By  C.  W.  Allen.  Can. 
Eng..   Jan.   29,   1909. 

An  account  of  an  intake  tunnel  built  by 
the  city  of  Toronto  in  connection  with  their 
water  w^orks.  The  methods  of  doing  the 
worlt  are  described  and  the  article  is  well 
illustrated  with  drawings  showing  many  of 
the  details  of  the  work. 

New  High  Service  Reservoir  of  the  Balti- 
more Water  System. — Eng.  Rec,  Jan.  23. 
1909;    1    p. 

Describes  the  work  being  done  on  this 
dam  and  shows  a  cross  section  of  the  em- 
bankment or  dike  that  is  being  built  to  re- 
tain the  water. 

Cost  of  Setting  Water  Meters  and  Laying 
Service  Pipes. — By  W.  H.  Shillinglaw.  Eng. - 
Contr.,  Jan.   20,   1909;   %  p. 

Describes  the  itemized  cost  of  setting 
water  meters  at  Brandon,  Manitoba,  during 
1908.  The  blank  form  used  in  recording 
costs  is  shown. 


Now  Ready 

CONCRETE    CONSTRUCTION 

METHODS  AND  COST 

By 
Halbert  P.  Gillette 

M.  Am.  Soc.  C.E..  M.  Inst   M.E.. 
Managing  Editor,  EngineeTing-Contraj:ting 

and 
Charles  S.  Hill,  C.  E., 

Associate  Editor^  Engineering-Contracting, 

•T^HIS  book  handles  the  subject  of  concrete 
construction  entirely  from  the  view-point  of 
the  builder  of  concrete  structures.  The  testing 
of  cement,  the  physical  properties  of  cemenis  and 
concrete,  and  the  design  of  concrete  structures 
are  not  considered.  The  aim  of  the  authors  has 
been  to  eliminate  all  matter  not  germane  to  the 
constructing  end  of  their  subject.  By  doing  this 
it  has  been  possible  to  crowd  a  vast  amount  of 
detailed  information  on  methods  and  cost  of  con- 
crete construction  into  a  volume  of  moderate  size. 
The  book  is  a  treatise  on  the  methods  and  cost 
of  building  in  concrete. 

"I  y5  rHILE  concrete  design  is  not  considered,  no  designer  of  concrete 
**  can  be  a  really  good  designer  without  having  a  profound 
knowledge  of  costs  and  of  practical  methods  of  construction.  This 
book  will  be  of  interest  therefore  to  every  engineer  and  architect  who 
is  engaged  in  designing  concrete  structures.  It  should  be  of  particu- 
lar assistance,  however,  to  the^  contractor  or  engineer  engaged  in  the 
actual  work  of  making  and  placing  concrete. 

THE  methods  given  are  practical  methods  and  they  are  so  given  that  the 
practical  man  can  use  them.  The  costs  given  are  actual  costs,  itemized, 
analyzed  and  reduced  to  units.  Costs  of  material,  costs  of  transporting, 
costs  of  mixing,  costs  of  placing,  costs  of  tamping,  costs  of  finishing,  costs  of 
forms,  costs  of  bending  and  placing  reinforcement,  costs  of  waterproofing,  costs 
of  superintendence,  costs  of  plant,  interest  charges,  depreciation  charges  are  all 
given,  and  to  make  these  costs  useful,  the  conditions  and  the  methods  of  doing 
the  work  are  stated  in  each  case. 

Cloth,  6x9  inches,  700  pages,  306  illustrations.  $5  net,  postpaid. 

The  Myron  C.  Clark  Publishing  Co. 

355  Dearborn  St.,  Chicago,  111. 
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DRAINAGE  AND   IRRIGATION. 

Granite  Reef  Dam  and  Gate  Mechanism. — 
By  K.  Ti'Ichmaii.  ICni;.  N'>«s.  Jiin.  T.  1909; 
3H    pp. 

This  nrdcle  dfScrlbpR  In  a  ec-neral  way 
the  purpoHc  and  eonntrui'tlon  of  the  fJranlte 
Rfft  division  diiin  for  the  Salt  Ulvor.  Arl- 
«ona.  Irrigation  project,  rians  and  views  of 
the  Btrucluro  are  given  and  also  details  of 
operatlnfc  mechnnl.sm  for  the  sluice  gates, 
and   of  the  sluUf  and   r'Kulator  Bat.s 

RIVERS,  HARBORS  AND  CANALS. 

New  Piers  for  Trans-Atlantic  Steamships, 
Chelsea  Improvement,  New  York  City. — 
Ens.   Ntws.  Jan.   14.   1909:  1^~   pp 

fJlves  a  Very  full  general  description  of 
the  new  large  pl.-ra  and  particularly  of  the 
steel  pier  shed  construction,  with  views  and 
tJT>lcal  plans.  Contract  prices  and  some 
erection  speed  records  are  given  and  meth- 
ods of  erection  are  described.  The  steel  and 
<"oncrete  pier  shed  structural  details  are  of 
Interest. 

Recent  Improvements  to  the  Harbpr  at 
Cleveland,  Ohio. — Eng.  Rec.  Jan.  IG.  1909; 
IM,    pp. 

A  description  of  the  protection  work  done 
In  this  harbor,  which  Is  said  to  be  the 
greatest  undertaking  of  the  kind  In  the 
great  lakes.  A  heavy  rip-rap  breakwater 
was  built. 

Permanent  Improvements  of  the  Ohio 
River. — Eng.    lUc.   Jan.   i'3.   1909;    2Vi    pp. 

This  article  concludes  a  scries  of  live  ar- 
ticles on  this  subject  In  which  the  engineer- 
ing and  construction  work  done  on  this  river 
have  been  well  described  and  Illustrated. 

Concrete  Pile  Dike  for  River  Bank  Revet- 
■ment. — Eng.   Kec,   Jan.   2.'!.    1909;    1  p. 

An  account  of  work  done  on  the  Missouri 
River  to  rebuild  an  old  dike  with  concrete 
piles.  A  table  of  the  cost  of  the  pile  work 
Is  given. 

RAILWAYS. 

Revision  of  Line  of  the  Kanawha  &  Mich- 
igan Ry.;  with  Unit  Costs  of  the  Work. — 
By  J.  A.  Stock,  r.  E'ng.  New.s,  Jan.  7.  1909; 
2    PP. 

Shows  map  of  old  and  ruined  line,  sec- 
tion of  new  713-ft.  tunnel,  and  details  of 
forms  for  concrete  lining,  and  gives  gen- 
■eral  description  of  the  methods  of  construc- 
tion. Unit  costs  of  various  Items  of  the 
work    are   stated. 

New  Rail  Specifications  of  the  Pennsyl- 
vania R.  R.  System. — Eng.  News.  Jan.  14. 
1909,   %   p. 

Reprints  new  specification  for  rails  adopt- 
ed  tiy   till'   Pennsylvania  R.  R    system. 

Carolina,    Cllnchfield    &      Ohio      Ry Eng. 

News,  Jan.   21.   1909;   :,\    pages. 

Tlie  heavy  construction  work  Involved 
and  the  high  character  of  line  produced 
makes  this  railway  one  of  the  most  notable 
pieces  of  railway  engineering  of  recent 
years.  The  article  describes  the  structural 
features  of  the  road,  history,  location,  term- 
inals, bridges,  roadbed  and  track  and  engl- 
ri<-ering  organization  at  length.  Structural 
plans  of  bridges  are  shown,  and  maps  of 
special  pleres  of  dllllcult  locations. 

Elements  of  a  Successful   Railroad  Official. 
-By    W.    J.    Ilarahan.      fan.    Engr..    Jan.    1. 
1909;   4   pp. 

This  18  a  paper  by  the  president  of  the 
Erie  R.  R.,  delivered  before  the  New  York 
Club,  and  discusses  at  some  length  the  way 
a  successful  railway  ofndal  handles  his 
m<'n  and   work 

New  Bridge  Crossing  the  IMississippi  River 
*t  Clinton,  la.,  Chicago  &.  Northwestern  Ry. 
—  r.y  I",  II  i:.'iliii>rlilg<'  Eng.  N''ws.  Jan. 
21.   1909;   fiii   pp. 

Describes  Interestingly  the  old  bridge  built 
In  IS59  and  the  various  repairs  and  changes 
made  to  strengthen  It.  and  gives  full  details 
of  the  large  modern  steel  structure  recently 


built  to  take  Its  place.  Views,  elevations, 
plans  and  details  are  given  of  the  new 
bridge's  foundations  and  steel  work.  There 
are  notes  on  design,  and  on  methods  of 
construction.  The  drawlnga  of  caisson  work 
are  valuable. 

Shipment  of  Inflammable  Articles  and 
Acids.— By  Cul.  B.  w.  I>unn  I'roc.  Ry. 
Club  of   Pittsburg.    December,   1908;   33  pp. 

An  address  delivered  before  the  club 
showing  the  need  of  regulating  the  ship- 
ment of  explosives  ond  the  results  that  can 
be  obtained,  and  calling  attention  to  the 
reason  of  adopting  certain   n-guiatlons. 

The  Construction  Between  the  Westerly 
Approach  and  the  Subaqusous  Section  of  the 
Detroit  Tunnel. — Eng.  U<c..  Jan  30,  19"'.'; 
24  pp. 

An  account  of  the  cofTer-dam  work.  In 
which  the  connection  of  the  land  and  river 
sections  of  this  tunnel  was  made.  Illus- 
trated  with   drawings  and   pliotographs. 

Comments  on  the  Manufacture  and  Use  of 
Steel  Rails.— By  Franklin  E.  Abbott.  Eng- 
Contr..  Jan.  6.  and  20,  1909;   C  pp. 

This  Is  a  good  general  article  describ- 
ing the  manufacture  of  steel  rails,  begin- 
ning with  the  mining  of  the  ore.  and  carry- 
ing the  work  through  the  various  process'-^ 
until  the  finished  rail  Is  ready  for  delivery 

Methods  and  Cost  of  Constructing  T-Raii 
Track  with  Carnegie  Steel  Ties,  Utica  & 
Mohawk  Valley  Ry. — Eng.-Contr.,  Jan.  20, 
1909;   IH   PP 

Describes  In  detail  the  method  of  con- 
struction and  gives  the  Itemized  cost  of  the 
work.  Several  Jobs  of  work  are  Included  In 
the  cost   figures. 

BRIDGES.  BUILDINGS  AND  FOUNDA- 

TIONS. 

Rio  Conchos  Bridge  of  the  Kansas  City, 
Mexico  &  Orient. — By  \V.  W.  Colpitis.  Ry. 
Age.  Gaz.     Jan.  22,  1909;  o'A  pp. 

Description  of  a  bridge  built  in  Mexico  by 
this  railroad  company.  Description  In  great 
detail  Is  given  of  how  the  piers  and  founda- 
tions were  built,  also  of  placing  the  steel 
with  costs  of  the  work.  The  article  Is  well 
illustrated  with  photos  and  drawings. 

The  Strength  of  Riveted  Joints.— Hy  J.  \V. 
Rausch.     Can.   Eng.,  Jan.   S.   1909;   4    pp. 

Considers  lap  Joints,  single  riveted,  double 
and  triple  riveted,  and  butt  Joints  with  dou- 
ble and  triple  riveted.  Each  class  of  work 
Is  Illustrated  by  an   example. 

Nickel  Steel  for  Bridges.— By  R.  E.  Chad- 
wick.      (  an     Eng.,    Jan.    15,    1909;   2   pp. 

An  article  based  on  the  paper  delivered  by 
J.  A.  L.  Waddell  before  the  Am.  Soc.  C.  E 
on  nickel  steel.  A  good  summary  of  thi 
use   of   this    metal    for    brldge.*i. 

Surface  Drainage  of  Permanent  Bridges. — 
By  Daniel  B.  Luten.  Gd.  Rds.  Mag.,  Janu- 
ary,  1909;   2   pp. 

Describes  a  number  of  methods  of  provld 
Ing    surface    drainage    for    concrete    bridge.'^ 
A   number  of  Illustrations  are  given  showing 
the  methods. 

Connecticut  Ave.  Bridge,  Washington,  D. 
C.^-Gd.    Rds.    Mag.,   January,    1909;   3  pp. 

Blustrates    and    describes    the    construction 
of  the  $850,000  concrete  bridge  at   Connecti 
cut   Ave.,    Washington.     The  bridge  consists 
of   live   l.lO-ft.    orches,    separated    from    each 
other  by  piers  20  ft.  wide. 

Design    of    Centering    for    233-ft.    Concretr 
Arch,     Walnut     Lane     Bridge,     Philadeiphi,i 
Pa.,  with  Some  Comparisons  of  Cost. — Eng 
Contr.   Jan.    6   and   20;    6   pp. 

This   Is  a  fully  detailed  description  of  th<' 
Iron    and    timber   centers   built    for   th»   con 
struct  Ion  of  this  large  concrete  arch.  Draw 
lags    are    given    showing    the   details   of    th' 
various  parts  of  the  work.     The  methods  o' 
designing    and    constructing    the    renter    are 
also   given.      Centers   are  also   shown    of  two 
large     European     bridges,     and     compnri»*i.MM 
nuide    between    them    and    the   Walnvit 
arch  center.     Quantities  and  cost  are  >; 
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CONCRETE  AND    REINFORCED   CON- 
CRETE. 

Tank  Construction  for  Excluding  Water 
from    a    Basement.— Eng.    Rec,    .Jan.    9.    1909; 

1%  pp. 

Describes  the  method  used  to  accomplish 
the  above  purpose  in  the  Keyser  building  at 
Baltimore,  Md.  Illustrated  with  dra^vings. 
Reinforced  Concrete  Construction  in  the 
Hartford  Armory. — Eng.  Rec,  Jan.  9.  1909; 
2%   pp. 

Describes  the  design  of  the  building  and 
the  work  done  on  it.  The  construction  of 
the  roof  was  of  special  interest.  Illustrated 
by  drawings  and  photographs. 

Arch  for  Supporting  a  Floor  of  the  Chris- 
topher Warehouse,  Jacksonville. — Eng.  Rec, 
Jan.   16.   1909;  Ihi  pp. 

An  account  of  a  warehouse  built  of  con- 
crete, the  interesting  feature  being  an  arch 
to  support  the  second  floor. 

Cost  Account  of  Seine  River  Bridge.  St. 
Boniface. — Can.   Engr..   Jan.   13.   1909;   2   pp. 

Thi.s  bridge  was  located  in  Manitoba.  De- 
scription of  the  structure  is  given  and  total 
cost  of  each  item  of  the  work. 

Reinforced  Concrete  Water  Tower  for  the 
Atlantic  Compress  Co.,  Atlanta. — By  R.  B. 
Tufts.     Eng.   Rec,  Jan.  2.   1909;  1   p. 

A  description  is  given  of  this  reinforced 
concrete  water  tower,  both  of  its  design  and 
also  construction.  The  tank  holds  100.000 
gals.,  and  is  supported  100  ft.  above  the 
ground. 

Concrete  Aggregates. — Surveyor,  Jan.  S, 
1909;  2   pp. 

Report  of  a  special  commission  of  the 
British  Fire-Prevention  Committee  appoint- 
ed to  report  upon  and  define  the  aggregates 
suitable  for  concrete  floors  intended  to  be 
fire  resisting. 

St.  George  Reinforced  Concrete  Retaining 
Wall.— .Mun.  Jl.  &  Eng..  Jan.  13,  1909;  11/2  PP. 
Describes  the  construction  of  the  large  re- 
taining wall  along  Seuth  St.  and  Jay  St.,  at 
St.  George,  New  York  City.  The  wall  is  of 
reinforced  concrete,  having  an  L-shaped 
cross  section. 

Methods  and  Costs  of  Rock  Excavation 
and  Washing  Gravel  for  a  Concrete  Dam. — 
By  W~m.  C.  Steele.  Erngr.-Contr..  Jan.  6, 
1909;    1    p. 

Gives  the  cost  in  detail  of  rock  excava- 
tion, showing  wages  paid,  also  the  detail 
cost  of  washing  gravel  for  concrete.  The 
work  was  done  in  Wyoming. 

Using  a  "Skuilcracker"  and  Lifting  Mag- 
net for  Breaking  up  a  Concrete  and  Masonry 
Foundation.— Eng.-Contr.,  Jan.  6.  1909;  Vs  P. 
Describes  the  method  followed  in  breaking 
up  a  heavy  concrete  and  masonry  founda- 
tion by  dropping  a  10-ton  iron  ball  from  a 
height.  The  ball  was  lifted  and  let  drop  by 
means   of   a   lifting  magnet. 

Cost  of  Concrete  Construction  as  Applied 
to  Buildings. — Eng -Contr.,  Jan.  13,  1909;  5 
pp. 

Describes  the  method  of  a  prominent  con- 
crete engineering  firm  for  collecting  cost 
data  of  concrete  work,  giving  samples  of 
the  record  blanks  used.  Costs  are  also  given 
for  form  work,  and  concrete  for  columns, 
floors,  walls  and  foundations.  These  costs 
are  average  costs  for  from  10  to  2,0  struc- 
tures in  each  case.  The  test  analyzes  the 
cost  table  and  gives  various  suggestions 
regarding  the  use  of  such  cost  figures  in 
making  estimates. 

Cost  of  a  Concrete  Culvert. — Eng.-Contr., 
Jan.   13.   1909;    Vs   P. 

Gives  the  detailed  cost  figures  of  con- 
structing a  3x3-ft.  culvert,  containing  148 
cu.  yds.   of  concrete. 

Cost  of  Reinforced  Concrete  Siphon  for 
the  Belle  Fourche  Irrigation  Works. — Eng.- 
Contr..    Jan.    20,    1909;    1%    pp. 

Describes  the  method  of  constructing  a 
siphon.  3,565  ft.  long  and  5  ft.  in  diameter, 
and  gives  the  detailed  costs  of  the  work. 


The  world's  authority  on  th!*  great  subject. 
The  most  expensive  book  ever  issued    and  sold  for  $5.00. 

Concrete  and 
Reinforced  Concrete  Construction 

By  HOMER  A.  REID,  Assoc.  M.  Am.  Soc.  C.  E. 
906  pages;     715  illustrations;     70  tables;     $5  net,  postpaid 

200  working  drawings  of  bridges,  bridge  piers  and  culverts; 
60  working  drawings  of  sewers,  water  mains  and  reservoirs; 
30  working  drawings  each  of  retaining  walls  and  dams;  200 
working  drawings  of  buildings  and  foundations,  including 
shops,  roundhouses,  etc.  Every  structure  illustrated  is  de- 
scribed, the  method  of  construction  is  explained  and  where 
possible  the  cost  is  given.  There  are  chapters  telling  how 
to  compute  girders,  arches,  columns,  tanks,  bins,  walls,  con- 
duits and  chapters  on  proportioning,  mixing  and  laying 
concrete,  on  doing  concrete  work  in  freezing  weather,  on 
facing  and  finishing  concrete,  on  waterproofing  concrete, 
on  the  physical  properties  of  concrete,  on  cement  testing 
and  on  concrete  block  manufacture  and  construction. 

This  book  contains  more  text  pages,  more 
drawings  and  more  tables  of  test  data  on  concrete 
and  reinforced  concrete  construction  than  any 
other  book  in  the  world.  It  has  more  new  mat- 
ter—  material  never  previously  published.  This 
work  is  complete,  up-to-date  and  original.  No 
other  book  on  concrete  contains  one-tenth  so 
much  of  the  very  latest  data  on  tests,  theory  and 
practice. 

In  a  two-column  review  of  this  book,  "Manufac- 
turers" Record"  says  :  "There  seems  to  be  no  portion 
of  concrete  or  reinforced  concrete  that  has  not  been 
touched  upon,  and  the  thoroughness  and  carefulness 
with  which  the  author  has  handled  his  subject  should 
make  it  a  valuable  assistant  to  engineers,  architects, 
contractors  and  those  interested  in  concrete  generally." 
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Teits  of  Strength  of  Concrete  Joints. — 
Kmk -t'oiiir..   Jan,    I'll,    l*jir.*,    P*   pp 

ni'OIIIH  H'tTC  IllUUf  Willi  illfr>T>'iil  klnilx  of 
Jolntfi  and  t«*tiii*4]  by  tlfxurt.*  In  fitnipiirlMon 
witli  licains  liuvInK  no  julnt*  Tlie  nirthoil 
of  iiinklni;  tlu*  t**Ht  anil  llu*  t«*»t  roituUii  are 
Iflvon  In  >l<-inll.  The  l«-sts  Khoncd  thi-  scarf 
Joint  to  lif  thr  »trong*'«l.  ThlH  In  an  article 
of  tiniiNUHl   lnt«'r«'Ht    to  concrete  ciifflnccni. 

Method  of  Underpinning  a  Building  Wall 
with  a  &&-ft.  Span  Reinforced  Concrete 
Girder. — Knif. -t'ontr.,   Jan.    i;7.    19()9;    1'    |ip. 

Hcscrlbcii  Hie  conditions  ncccssllatlnK  the 
underplnnlni;  of  a  bulldlnK  and  the  reasons 
for  selcctlni:  a  large  concrete  Kirder  for  the 
pur|)ose.  lietalU^l  drawliiK.^  of  the  Kirder 
aiiii  Its  founilatUins  are  Kiveii  anil  tiic  de- 
sign and  nietliod  of  construction  are  de- 
scnli.-.l 

Value  and  Cost  of  Steam  Curing  of  Con- 
crete Blocks. — By  F.  S.  Plilpps.  Ens.- 
Contr..    Jan.    17.    I'.i0<<;    \    p. 

Gives  InlereslinB  details  of  tlie  inetiiod  of 
steam  curinR  concrete  tilocks  and  states  in 
some  detail  tile  c.isl   of  sudi  work 

Methods  and  Cost  of  Constructing  a  Con- 
crete Sewer  in  Fre<:ing  Weather. — l!;ng.- 
Contr..  Jan.  JT.    VJD'.i;   1';   pp. 

This  is  an  unusuali>'  valuable  article  de- 
scribing  the  methods  and  costs  of  construct- 
Infl^n  30-ln.  sewer,  1,360  ft.  long,  during 
November  and  December,  1908.  with  the 
thermometer  averaging  15  degrees  above 
xero.  The  sewer  was  constructed  with  a 
metal  form  and  special  methods  were  em- 
ployed to  prevent  injury  to  the  concrete  by 
freezing.  The  details  of  construction  are 
given  fully  and  the  cost  of  the  work  Includ- 
ing itemized  account  of  frost  preventives 
are  given. 

Method  of  Finishing  Concrete  Surfaces  by 
Scrubbing,  Followed  by  an  Acid  Wash,  with 
an  Estimate  of  Cost. — Eng.-Contr.,  Jan.  6. 
1909;   lU    PP 

This  article  sliows  six  hantlsome  lialf-tone 
views  of  concrete  surfaces  of  various  kinds, 
which  were  produced  by  first  washing  green 
concrete  wiUi  water,  then  etching  the 
washed  surfaces  with  acid.  A  description 
of  tills  material  of  finishing  Is  given  and 
some  estimates  of  the  cost  of  the  work  are 
furnished. 

Concrete  Blocks  for  Tunnel  Lining  and 
Retaining  Wall  Protection. —  Kng.  Kec,  Jan. 
30.   1909:    ',   p. 

Tells  of  the  use  of  concrete  blocks  for 
tunnel  lining  and  retaining  wails  on  the 
Mexican   Central    Ry. 

Bonding  of  New  to  Old  Concrete. — By  E. 
P.  (;o.iilrl(  li.  .\rn.  Soc.  C.  E.  I'roc.  January. 
1909:    13    pp. 

First  takes  up  the  literature  of  the  sub- 
ject, showing  the  need  of  having  a  perfect 
bond  Then  considers  patented  processes  of 
making  such  a  l)ond.  Then  gives  several 
pages  to  published  tests,  and  ends  the  ar- 
ticle by  giving  an  account  of  the  author's 
own    experiments    on    this    subject. 

Action  of  Frost  on  Cement  and  Cement 
Mortar,  Together  with  Other  Experiments 
on  These  Materials. — By  i;i  n.-st  I{.  Mat- 
thews and  J.imes  w  atson.  Am.  Soc.  C.  E. 
Proc.     January,   1909;  H  pp. 

An  account  i>f  experiments  made  to  show 
the  effect  of  frost  and  alternate  frost  and 
thaw  on  the  tensile  strength  of  cement  and 
cement  mortar,  the  temperature  below 
which  It  Is  detrimental  to  mix  Portland  ce- 
ment concrete,  the  absorption  of  water  by 
drj'  cement,  and  the  nuantlty  of  waliT  re- 
quired to  be  add«*d  to  cement  to  province 
complete  hardening.  The  results  obtained 
are  gl\-t.n 

EARTH  AND  ROCK  EXCAVATION. 

The  Equipment  of  an  Electric  Power 
Shovel,  Together  with  Some  Cost  Records. — 
F'ngr-Contr..   Jan.    C.    I'.im'.i;    1    p. 

Shows  liow  certain  objectionable  featuri^ 
of  operating  a  power  shovel  witli  electricity 
Is  overcome,  and  gives  the  cost  of  operating 
«uch  a  shovel. 


Record  of  Drilling  Test  Holes  by  Hand  and 
Some  Costs.     Kiigr  -<  "onlr  .  Jan.  fi.   130'.' 

The    detail     record     of     operating    u 
power  drill  for  seven  days  Is  given,  si 
the  amount  of  holes  drilled  and  the  cuni   w( 
the  work. 

Drilling  Blast  Holes  with  a  Hydrauli' 
Giant  and  the  Cost  of  a  Hydraulic  Fill  Dani 
-Kngr  -I'ontr.,   Jan.    13,    19"9;    Vt    p 

CIves  an  account   of  n  dam   built    in   Call 
fornia.       The      yardage       moved       with      th. 
amount   of   water   pumped   Is  shown   and   the 
detail  cost   la  given. 

Reducing  the  Cost  of  Tunnel  Work  with 
Blasting  Gelatine. — Kngr.-l'onlr..  Feb  1  ; 
1909.    %   p. 

Shows  how  by  a  higher  explosive  than 
gelatine  dynamite,  yet  an  explosive  that  !- 
safe  to  handle;  the  cost  of  rock  excavatlc 
in   a    tunnel    was    reduce*!. 

Methods  of  Constructing  the  Subaqueous 
Pipe  and  Electric  Cableway  Tunnel  at 
Gloucester,  Mass. — By  H#Tman  W.  SjMnmer. 
I'JliKl.-Colitr  .    Jan.    I'i).    1909;    .'i    pp. 

Tile  metliod  of  doing  the  work  is  de- 
scrilied  in  great  detail,  every  step  of  plant 
installation  and  construction  being  given 
thus  making  It  a  valuable  article. 

Rock     Excavation    with     a    Portable    Com 
pressor   Outfit.— I':ng.    itec.    Jan.    :;.    1909;    1', 
pp. 

Describes  a  portable  compressor  plant 
used  in  New  York  City  for  drilling  rock  In 
a  trench  about  3  ft.  wide  and  from  ^  to  5  ft. 
deep.  Also  gives  some  cost  of  the  drilling 
done  Willi  the  aid  of  this  compressor. 

Cost  of  Excavating  a  Small  Cellar  with 
Drag  Scrapers. — Eng.-Contr.,  Jan.  27,  190'': 
%   P. 

The  cost  of  the  work  Is  given  and  com- 
ment Is  made  on  the  method  used  and  how 
tile  work  could   have  been  cheapened. 

Methods  and  Costs  of  Stripping  Iron  Ore 
with  a  Steam  Shovel. — Eng.-f'ontr..  Jan.  27. 
1909:    1    p. 

Describes  the  methods  used,  namely, 
steam  shovels  and  cars  worked  on  an  in- 
cline. Gives  the  cost  of  this  work  and  also 
the  cost  of  drilling  for  blasting,  and  also 
the  cost  of  removing  the  ore  by  means  of 
steam  siiovels  and  derrick  skips. 

A  Sea  Level  Canal  at  Panama. — By  Henry 
G.  Granger.  Bui.  Am.  1.  of  Min.  Eng.,  Jan. 
1909:   3"   pp. 

Arguments  are  presented  for  a  sea  level 
canal,  then  a  plan  is  suggested  whereby  the 
sea  level  canal  can  be  built  as  rapidly  as  the 
lock  canal.  For  this  purpose  the  author 
gives  the  plans  of  several  types  of  new  ex- 
cavating machines  that  he  believes  would 
cheapen  the  earth  and  rock  excavation  now- 
being  done  at    Panama. 

SURVEYING  AND  DRAFTING. 

Notes  on  Land  Surveying  In  Hawaii. — By 
Carl  B.  .\niirews.  Rose  T>-<linlc..  January. 
1909:   i  pp. 

Notes  and  comments  of  extensive  land 
surveying  in  these  tropical  islands  are  given 
and  the  dimcultles  encounlere<I  In  such  work 
shown. 

The  Topographical  Survey  of  the  City  of 
Baltimore.— Kng.    Rei-..    Jan.    3.    19ii9;    I  =j    pp. 

A  di'scrlption  of  the  very  compl<-te  survi-y 
of  tills  city  that  was  made  a  few  years  ago. 
is  given.  complie<l  from  a  paper  on  the  sub- 
ject by  the  present  chief  engineer.  Joseph 
W.  Shirley. 

MISCELLANEOUS. 

Cost  Keeping  on  Concrete  Construction  on 
the  C,  B.  A  Q. — By  Don  K.  Mowry.  R.  R. 
Age  Gax.,  Jan.   15.  1909;   1   p. 

An  account  of  cost  keepInK  by  rnnin*  of 
foreman  In  bridge  ciinstruction  used  on  this 
roail    with  comments  on  Us  efflciency 

Forest  Conservation — By  R.  S.  KelloBU 
N     K     \V     \V     .\'!">..    |)e<-embi'r.    19"S;    T,   pp 

Shows  we  are  living  In  a  wood  using  nK 
hence  our  forests  are  l>elng  depleted  Pi 
cusses  the  effect  of  forest  cuttinc  upon   li 
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soil  of  the  land  and  the  need  of  replanting 
tree.s.  The  effect  of  forests  on  stream  flow 
is    considered. 

A  Plea  for  the  Business  Training  of  the 
Engineer.— By  H.   A.  Ross.    Can.  Engr.,  Jan. 

1,    1903;    IH    pp.  ,^     , 

Reprinted  from  Applied  Science.  Deals 
with  the  results  the  engineer  has  to  accom- 
plish and  shows  tliat  he  needs  a  business 
training  as  well  as  a  technical  training. 

A  Laboratory  for  Public  Service.— By  Ar- 
thur D.  Little.  Can.  Eng.,  Jan.  S,  1909;  2  pp. 
A  paper  read  before  the  Mass.  Inst,  of 
Technology  showing  the  place  a  research 
laboratory  of  applied  chemistry  is  taking  in 
engineering  matters  and  what  the  results 
obtained  from  such  a  laboratory  may  mean 
to  the  country. 

Observation  on  Blasting  with  High  Ex- 
plosives.—By  E.  M.  Weston.  Min.  World. 
Jan.   9,   1909;  2%  pp. 

An  attempt  is  made  to  obtain  some  the- 
ory for  blasting  from  the  book  on  the 
■•Blasting  of  Rock."  by  A.  and  Z.  Daw.  The 
mathematical  proofs  are  not  given. 

Waterproofing  a  Solid  Floor  Bridge.— Eng. 
Record.  Jan.   16,  190S;   Va  P- 

Describes    a    method    of    waterproofing    a 

solid    floor   railroad    bridge   built   of    concrete. 

The    Method    of    Making    and    Placing    Pile 

Protection     at     Everett,     Wash.— Eng.     Rec, 

Jan.  16,  1909;   H4  PP- 

Describes  the  method  used  in  protectmg 
piles  with  concrete  and  shows  the  method 
of  making  this  concrete  protection. 

Steel  Piling  at  Power  House  Intakes  at 
Omaha.— Eng.   Rec,  Jan.   2,   1909;   1  p. 

In  this  article  the  work  of  buildmg  sev- 
eral intakes  is  described,  showing  thfe 
method  used  in  their  construction,  espe- 
cially in  reference  to  steel  piling. 

The  Stability  of  Walls.— By  Henry  Adams. 
Surveyor.   Jan.    1.5,    1909;    5  pp. 

A  paper  read  before  the  English  Society 
of*  Architects.  In  it  the  author  discusses  the 
general  principles  for  determining  the  sta- 
bUitv  of  walls. 

A  New  Viewpoint  of  the  American  Port- 
land Cement  Industry.— By  Edwin  C.  Eckel. 
Eng.   Hoc,   Jan.    9.   1909;   3   pp. 

A  paper  read  before  the  Association  of 
Cement  Manufacturers,  in  which  the  future 
growth  of  the  industry,  the  regulation  of 
prices,  the  influence  of  patents,  the  market- 
ing conditions,  export  trade  and  other  fea- 
tures  of   tlie   industry   are   discussed. 

Methods  and  Cost  of  Placing  Puddle  in  a 
Cofferdam     by     Pumping.— E'ng.-Contr.,     Jan. 

6,    1909;    1  p. 

This  article  describes  the  methods  of 
placing  puddle  in  a  cofferdam  1.0S5  ft.  long, 
and  containing  5,7S4  cu.  yds.  of  puddle  ma- 
terial. The  plant  used  is  itemized  and  the 
cost  of  the  work  is  stated. 

The  Young  Civil  Engineer.— By  E.  W. 
Stern.      Eng.-Contr..   Jan.    27.    1909;    2%    pp. 

Reprint  of  a  lecture  given  by  Mr.  Stern 
giving  important  and  valuable  advice  to 
guide  the  young  civil  engineer  who  is  start- 
ing out  into  practical  work. 

IVIethods  of  Weighing  Stone  on  Barges 
and  Scows.— By  H.  F.  Alexander.  Eng.- 
Contr.,   Jan.   27,    1909. 

Describes  the  method  of  weighing  stone  by 
loading  it  onto  tne  barges  and  then  deter- 
mining the  weight  by  the  amount  of  water 
displaced.  Gauges  were  attached  to  the 
barges  in  such  a  way  that  the  weight  of  the 
load  could  be  read  directly  from  them. 

Waterproofing  Detroit  River  Tunnel. — By 
R.  G.  Wright.  W.  P.  &  F.  P.,  January. 
1909;   11/2   pp. 

Gives  the  specifications  for  waterproofing 
this  tunnel,  and  the  methods  used  in  doing 
the  work,   with  the  plant  used   for  same. 

Some  of  the  Recording  Systems  of  a  Large 
Engineering  Corporation. — Eng.  Rec,  Jan. 
30,    1909;    IVs   pp. 

A  description  of  records  kept  by  the  Stone 
&  Webster  Eng.  Co..  in  carrying  on  jobs  in 
various  sections  of  the  country. 


Engineering  Work 
In  Towns  and  Cities 

By  ERNEST  McCULLOUGH,  C.  E. 

THERE  are  many  special  treatises  on  pav- 
ing, water-works,  sewerage,  concrete, 
etc.,  but  this  is  the  only  book  that  deals  with 
all  of  these  subjects  in  the  connected  manner 
in  which  they  come  before  the  City  Engineer. 
The  language  is  plain  and  such  as  can  be 
understood  by  the  average  non-technical 
reader,  thus  making  it  a  book  for  Mayors, 
Councilmen,  City  Clerks,  and  Street,  Sewer 
and  Building  Commissioners,  etc. 

It  is  invaluable  to  any  person  who  wishes  to 
learn  the  best  methods  and  practises  in  the 
planning  and  carrying  out  of  public  improve- 
ments. 

Clotli.  6x9  inches;  SIC  pages;  69  tables;   128  dia- 
grams and  illustrations;  price  $3.00  net,  postpaid. 

The  Myron  C.  Clark  Publishing  Co. 

355  Dearborn  Street,  CHICAGO.  ILL. 
13-21  Park  Row  NEW  YORK 


Surveyors'    Hand    Book 

By  T.  U.  TAYLOR 
PTOlcssor  01  Civil  Engineering,  Universitii  ol  Texas 

AX  invaluable  pocketbook  for  the 
field  or  office.  It  describes  the 
instruments  used,  their  care  and 
adjustment,  and  the  methods  prac- 
ticed in  making  surveys  of  all  kinds. 
Formulas  and  methods  of  calculation 
are  explained,  and  tables  are  given  to 
facilitate  cdculations.  The  various 
methods  of  taking  and  recording 
notes  are  described. 

Ttiere  are  chapters  on  Chain  Surveyine. — Com- 
nisssurvrvirr.;,— Transit  Survey.— Calculation  o[ 
Vrei.;  —  IMMMi.n  ot  Land.— Levclins;.  —  fopo- 
L-fui'iio  siirv.>\  -  -Railroad  Survey.— Earthwork  — 
Cltv  Siirvi'ViiiK.— I'lottlns  and  LpttprlnE.— Ijov- 
ernmcnt  siirvuyins.— Trigonometric  lormulas.— 
Tables. — Ktc.  etc. 

Flexible  leather;  gilt  edges;  4ix7  inches;  illustrated; 
328  pages;  price  $2.00  net,  postpaid. 

The  Myron  C.  Clark  Publishing  Co. 

355  Dearbor.i  Street,  CHICAGO,  ILL. 
13-21  Park  Row,  NEW  YORK 


REIID'S 

"Concrete  and  Reinforced  Concrete 
Construction"  is  the  world's  author- 
ity on  this  important  subject.  906 
pp.;  715  illustrations;  70  tables. 
$5.00  net;  16-page  circular  free. 


Telephone    Construction 
Methods  and  Cost 

By  CLARENCE  MAYER 
with  .additional  data  by  J.  C.  SLIPPY  and  otSiers 

THIS  is  by  all  odds  the  most  complete  and 
systematic  record  of  costs  for  any  one 
class  of  construction  work  that  has  ever  been 
published.  There  are  over  150  tables  of  cost 
data  averaged  from  hundreds  of  jobs  by 
items.  The  methods  described  and  illustrated 
are  the  most  recent  standards  of  progressive 
telephone  and  electric  companies. 

The  book  describes;  Methods  and  Cost  of  Pole 
Line  Construction,  ot  Cable  Construction,  ol  Cable 
snlicin".  o(  Rcmi^vins  Old  Line  and  of  Reconstruc- 
ti'ui  .it  c.in-^tructin..;  riidcru-rouiid  Conduit. 
lirtLilc.l  ('..St  i.f  c.inslni.-tini.'  .S-'L^'^-'  1  met  Feet  of 
l-riii.T.n. .1111.1  ('..iiiluit  anil  :tl^  \  aults  in  One  Job. 
llisccirancous  Costs  and  Special  Uala.  etc..  etc. 

Clolh,  6x9  inches;  300  pages;  100  illustrations;  157 
tables;  price  $3.00  net,  postpaid. 

The  Myron  C.  Clark  Publishing  Co. 

355  Dearborn  Street,  CHICAGO,  ILL. 
13-21  Park  Row.  NEW  YORK 


Theory  and  Design 

iiii'"" 

Reinforced  Concrete  Arches 

.1   Treatise  lor  Engineers   and  Technieal  Students 

By  .\RVID  REUTERDAHL,  Sc.  B.,  A.  M. 
CMel  ol  Bridge  Department,  Engimering  Depart- 
ment, City  ol  Spolcane,  Wash, 

THE  books  which  have  heretofore  been  pub- 
lished on  this  subject  are  either  so  matlie- 
matically  abstruse  or  leave  so  much  to  the 
reader  to  demonstrate  for  himself,  that  they 
are  of  little  value  to  the  general  practitioner  or 
to  the  technical  student  whose  mathematical 
ability  is  not  of  exceptional  order._  These 
objections  have  been  overcome  in  this  book. 
Every  principal  is  explained  thorouRhly— 
there  are  no  missing  steps  in  the  mathematics. 
rlie  book  slionld  be  in  the  hands  of  every 
engineer  who  has  concrete  bridges  to  design  and 
of  every  student  of  the  theory  and  practice  ot 
concrete  bridge  design. 

Cloth,  6x9  inches;    132  pages;  numerous  diagrams 
and  tables;    price  $i.00  net,  postpaid. 

The  Myron  C.  Clark  Publishing  Co. 

355  Dearborn  Street,  CHICAGO.  ILL. 
13-21  Park  Row,  NEW  YORK 


SEND  A  POSTAL 


for    catalogs  of    new    books    for 
engineers  and  contractors.  Better 


do  this 

TO-DAY 

and  have  them  handy  for  future 
reference. 

The  Myron  C.Clark  Publishing  Co. 

355  Dearborn  Street     ::    CHICAGO,  ILL. 


At  Last— Nearly  Ready 

POCKET-BOOK 

FOR 

CIVIL  ENGINEERS 


By 
ALBERT  I.  FRVE.  M.  Am.  Soc.  C  E. 

AFTER  a  Hfetime  spent  in  accu- 
mulating material,  and  nc!arly 
four  years  of  hard  grinding  work  in 
putting  this  matter  in  shape  for  pub- 
Ucation,  we  are  happy  to  announce 
a  comprehensive  and  up-to-date 
pocket-book  for  civil  engineers — not 
a  scrap  book,  but  a  condensed  treatise 
on  civil  engineering,  filled  with  data 
and  tables  many  of  which  have  never 
before  been  pubHshed.  For  instance: 
The  author  spent  12  weeks  of  con- 
stant labor  calculating  and  checking 
one  new  table,  the  need  of  which  had 
been  shown  him  by  his  own  expe- 
rience as  an  engineer. 

Thus  there  is  crowded  into  the  1,200  pages  a 
vast  amount  of  matter  that  makes  this  the 
one  book  that  no  civil  engineer  or  con- 
tractor  can   afford    not    lo    have.      It    is   an 

epitome  of  modern  civil  enKineenng  knowl- 
edge— a  whole  library  condensed  into  one 
flexible  leather  pocket-book. 

Price  only  $5  net,  postpaid. 

The  Myron  C.  Clark  Publishing  Co. 

355  Dearborn  Street,  CHICAGO,  ILL. 
13-31  Park  Row.  NEW  YORK 
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On  the  Syitematic  Training  of  Engineers: 
Are  We  Practical? — liy  (_'luirli-H  A.  Uowiiuiii. 
C'jili      KllK  .    Jan.    2.',     ISUS;    1  >,    pp. 

Makes  u  pliii  for  u  iiiori-  pruitlcal  educa- 
tion and  irultilni;  of  iht-  cnslnei-r.  und  statca 
the  tiurd  practical  work  of  tin-  engineer 
must  be  given  to  lilin  while  young,  other- 
wUe  ho  would  refuse  to  endure  the  hurd- 
ships  of  such  a   tnilnln*;. 

I»)()K    K'l   \  IIIWS. 

Applied  Mechanics  for  Engineers. — A 
Textbook  fiM-  KnKlnierlng  Slujenls.— Ry  E. 
L.  Hancock.  A.t.st.  I'rofessor  of  Applied  Me- 
clianks.  Purdue  I'nlverslty.  New  York:  The 
MacMlllan  Co.;  cloth.  ;.xT»,  Ins.;  pp.  38j;  Il- 
lustrated;  }2. 

This  book  Is  what  Its  name  Implies,  prin- 
cipally a  textbook  for  engineering  students, 
taking  a  university  course,  as  a  knowledge 
of  calculus  Is  necessary  to  comprehend  the 
matter. 

The  arrangement  of  the  subject  has  been 
made  very  systematically,  beginning  with 
rudimentary  principles  and  advancing  to  the 
more  difncult  and  complex  divisions  of  me- 
chanics step  by  step. 

The  work  Is  profusely  and  clearly  Illus- 
trated, and  the  text  Is  likewise  concise  and 
to  the  point,  containing  considerable  new 
matter.  This  Is  principally  the  case  In  the 
treatment  of  the  subjects  of  moments  of 
Inertia,  Center  of  Gravity,  Work  and 
Energy,  Friction  and  Impact. 

A  very  good  Innovation  consists  In  the 
great  number  and  variety  of  practical  ex- 
amples, there  being  292  examiJles  given  In 
the  book.  These  tend  to  show  the  student 
the  practical  value  of  the  science  as  well 
as  teach  lilm  how  to  apply  same  to  get  re- 
sults. If  the  answers  had  been  added  It 
would  have  enhanced  the  value  of  the  book 
In  the  writer's  opinion,  as  It  then  would 
have  been  a  book  of  much  value  to  the 
practical  engineer  who  would  use  It  as  a 
reference  book  for  similar  problems  In  his 
professional   work. 

The  principal  subjects  treated  are  the  fol- 
lowing: Concurrent  Forces,  Parallel  Forces, 
Center  of  Gravity,  Couples,  Jloment  of  In- 
ertia, Rectilinear  Motion.  Curvilinear  Mo- 
tion, Rotary  Motion,  Dynamics  of  Machin- 
ery,   Work    and    Energ>',    Friction,    Impact. 

A  number  of  useful  tables  are  appended, 
namely,  hj-perbollc  functions,  logarlthsm  of 
numbers,  trigonometrical  functions,  tables  of 
squares,  cubes,  square-root  and  cube-roots 
of  numbers  ,Tnd  conversion  tables  between 
the  metric  system  and  the  American  system 
of   weights   and   measures. 

Summing  up,  the  book  forms  a  valuable 
addition  to  the  library  of  works  on  me- 
chanics and  will  hold  Its  own  with  compet- 
ing works  of  a  like  character.  It  Is  well 
and  thoroughly  Indexed,  having  a  table  of 
contents  by  chapters  and  articles  In  the 
fr"!!'     ii-.l   :,r.   :\]-,'  :,>.,-Ur:\\   Inib-x   !n    th.     t.ack. 


Railroad  Location  Surveys  and  Estimates 

By  F.  LAVIS,  M.  Am.  Soc  C.  E. 

I;>  .lUlcnt  Enclnwr,  Pcnn.^yKiinU  TtallroacI  Tun- 

Dcta,  Formrrly  L.ocatlnK  KnKliir-iT.  Choctaw. 

Okl&boma  A  GuU  Rallruad,  etc 

The  "Railroad  Gazette'*  say;;  "Once  in  a 
while  a  stit-ntilic  IxjoW  aiipcar-.  that  combines 
the  threclold  cicmcnls  of  m.-i  T'-'-v  of  !h''»^ul^ 
jrct,  clcamcsn  of  ex;  -  '    ' 

the  use  of  Hncli  .h,  n  < 
i^  attractive.  The  bo-    .   . 

anil  the  interest  of  tnr  km  :■  r  i.:  -.u  ;'-.t  i- 
held  throuKh  every  line  of  th<-  text.  /(  w  ont 
of  thou  rart  frnduili'HS  in  uttwit  tittr*  is  HtHa 
wasted  U'L>rJ  and  whoit  jciVwf  i/it  uilue  is  hif:h  in 
that  it  tells  clearly  and  concisely  just  what  every 
student  and  engineer  should  know." 

Cloth,  6x9  in.,  270  pazcs,  73illu.lrn- 
tions,  10  foldinfc  plates  ;SJ  net.  po.stpaiJ 

The  Myron  C.  Clark  Publishing  Co. 


3.^.>  Dcarbijrn  Street 


CIliC  \(il).  11. 1.. 


Catalogs  Worth  Having. 

l-.iigiiiccrs  .111(1  comractufi  should  have 
on  file  the  latest  catalogs  ol  tnachines, 
tools  and  supplies  that  they  use.  In  sending 
for  catalogs  reviewed  or  advertised  in 
this  paper,  yon  will  confer  a  favor  on  us 
if  you  will  write  direct  to  the  advertisers 
and  state  that  you  saw  the  catalog  men- 
tioned in  Engi.vkerinc-Contracti.nc.  If 
you  arc  in  the  market  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  notify 
promptly  the  leading  manufacturers. 

No.    lOS.'i.      Bucyi'us    Shovels The    Bucyru* 

Co..    South    .Mllwauki'.',    Wis. 

Circulars  describing  and  llluslrallnK  II.' 
new  45,  70C  ami  S.tH  shovels  being  nui.l. 
by    this    well-known    concern. 

No.  1066.  Steel  Centers.— .\djustable  Ste-  : 
Centering  Co..    Fond  du   Lac,   Wis. 

This  S-page  folder  shows  several  vlew.s 
of  the  collapsible  steel  centers  for  sew- 
ers and  conduits  made  by  the  concern 
named.  The  centers  are  described  and 
some  records  of  work  are  <|Uotcd. 

No.  1067.  Wood  Rock  Drills.— Wood  Drill 
Works,    Paterson,    N.    .1. 

This  12-paBe  booklet  Kiv.-s  sotne  valuable 
Information  and  a  description  of  the  ma- 
chines, showing  their  ailaptabllity  to  tun- 
nel driving,  drilling  In  concrete  and  open 
cut  work,  with  detailed  costs  in  driving  the 
Tleton  tunnel  at  North  Yakima,  Wash., 
I'.  S.  Reclamation  Service,  ajso  on  other  en- 
gineering works,  with  a  number  of  tine  tes- 
timonials. 

No.  106S.  Dump  Wagons.— .\uslln  MfK 
Co..  Chicago,    111. 

The  Pioneer  dump  wagon  shown  In  this 
20-paKe  ctitaiog  deserves  notice  for  several 
unique  details  of  construction.  The  doors 
being  hinged  with  chains,  raise  automatic- 
ally up  the  outside  of  the  wagon  box  when 
dumped. 

No.  1069.  Barrows,  Scrapers  and  Plows. 
— The    Sidney    Steel   Scraper   Co.,    Sidney,    d 

The  46  pages  of  this  catalog  Illustrate  anl 
describe  a  full  line  of  wheel,  tongue,  drai: 
and  Fresno  scrapers,  plows  for  raiiroail 
work  and  both  steel  and  wood  wheelbar- 
rows. 

No.  1070.  Dumping  Wagon. — Michigai 
Wagon   &    Mfg.    Co..    St.    ,l..lins.    .Mich 

This    fs    a    very    bcmhI    ihscriiit  i 
of   Miciiigan   dumi>iii^:    \v;ii;ons.     »" 
and    openitioii    are    d.-si  rllnd    in      i 
are   illustrated. 

No.  1071.  Dumping  Wagons.— Wat.son 
Wagon  Co.,  Canastota,  N.   Y. 

This    catalog    of    Watson    wagons    includes 
asphalt,    ash    and    gjirtiige    wagons,    as    ^^-i' 
as  contractors'  wagons.    The  seveml  « 
are    concisel.\'    descrilietl    and    Watson 
class    construction    Is    iHrticuiarly    set    i 

No.  1072.  Grab  Buckets.— .Mead-Morrison 
Mfg.    Co.,    Cambridge,    .Mass. 

This    4'1-page   catalog    Is    well    printed    and 
arlistically  gotten   up.       I-2ach   page   Is  devot- 
ed   to    the    tlescrlptitin    and    lliuslr.i' 
grab  bucket  and   t.ibles  of  the  slz 
and     CHpacliy     of     the     various     I'l. 
given. 

.No:  1073.  Ratchet  Wrenches.  —  Greene. 
Tweed  &    Co.,    lO'J    l>uane   St.,   New   York. 

A  bulletin  describing  and  llluvtnittng  a  re 
verslbie  ratcliet  wrench.     Can  be  u«e<l   .-I Un- 
as    a     wrench     fi>r     iIk!.'' 
handle   for  a  drill.       Car 
tlon  with  a  socket  or   I- 

No.   1074.     Wire   Rope.— Uumble  Wire    Hop. 
Co.,    2B-.'tn    Atlantic    .\v.-  .    Boslnn.    Mass 
.\ 

Tr.. 

:in.l  : 

ii\mt    In    .-...St 

and    belting. 

splllting  wire   :  t 

in    iho    catalog. 

No.  lO?,";.  Surveying  Instruments.  J-'-Mrr 
&   Probst,  387    \\ 

A   bulb'tln  t. 
has    been    enlli 

puny,   who  also  do  ie|..iii    uuik  on  .ill 
of    surveying    and    enKlnecrlng    Inatrun 

No.     1076.     Cableways.— New    York    Ciiil' 
wav    &   Kngincoring  Co..    2    Hector  St..   New- 
York. 

A  bulletin  showing  how  the  cnl>tewnv 
manufactured   by   this  compony   in  o|ienited 


No.     1077.      Steam    Shovels John    Souther 

A  Co..    186  Summer  St  .    Boston.   Mam 

A    small    ;  ■  i.i« 

comiainy  u:  ,m 

Shovel   Woi  T  ve- 

Ing  the  cost  I  •  r  •  .)  -..I  ..f  a  nuinljei  ._•£  such 
Jobs. 

No.  1078.  Belts.— J.  A.  A  W.  Bird  A  Co., 
Boston.    Moss. 

A  series  of  «lx   snuill  iiamphlr-ts  hav.-  b.-en 

Issued     by     -  ;.|t 

Talks."       T  :n- 

phlets  to  u-  .,«. 
mlaaion   of  p..«.r    «ith  bclLs. 

No.  1079.  Aquabar.  —  The  AquatMir  Co.. 
1228    L.ocust    St       I :  hia.    Pa. 

A    24-page    ca.  g    of    the    ua«    of 

this  waterpro<-ini  .  .;   In   various  kinds 

of  construction  work,  fur  c-oncreto  especially. 


Earthwork  -And  lu  cost 

;^.-.:..;:.:-:r  P   GILLETTE 

A  book  that  should  l>e  in  the  hsarls  of  every 
man  who  u  in  cbarsc  of  "movinji  dirt." 
whether  with  pick  and  shovel,  plow  and 
scraper,  steam  shovel  and  dredge,  or  any 
other  tool  for  digging  and  conveying  earth. 
The  contents  include: 

Tlie  Art  ot  Com  Eiftlmatlni:  Earth  .=hnnkMr 
Kann  ClaflBlAcmtkjD.  Cost  of  Lxioaeolajt  and  ."^liovr.- 
Ins:  Gost  ot  Dumpiiuc.  .Sprradu.^-  uZT;:,.-    i  ...•  i  ■. 
Wlieelbarrows  sad  carts:  co«t  ! 
Buck  and  DruScrapm;  foil  • 
Cost   by   the  EJerallns  Grmd.  r 

8hov>'b>;   I  ....t   t.vr.in.      U.,rt     - 

8hn\ 

Trii 

Elt-,. 

Dal. 

om.  . 
-II. 

IX-l;,,  ._ 

CkMh.  Sx7>  inches:   2«0  pasn:   SO  ntura*  «a4 

lllustrailofts:  price  %2.00  net,  pottpaij. 

The  Myron  C.    Clark    Publishing  Co. 

ai5  Di-arbom  Street,  CHICAOtJ.  ILL. 
i:-:i  I-ail  Row,  M.W  YORK 


Tables  of  Five   Place   Squai^s 

and    Logarithms    of   Feet, 

Inches anti  32dsof  Inches 

From  Zero  to  100  I'cet 


Logarithmic  Secants  for  Hip,  \alle> 

and     Rafters   from    Zero   to    18 

inches;   rise  of    I -foot    base 

.'id\  anclng  to  .?.ids. 

l.o>;ariliiniic       l-unLliiins.      Natural 

Sines    .Tnd    Cosines    fur    c*crv 

minute  of  the  quadrant. 

By 
G.  D.  LSSKIP 

The  Only  Book  Giving 
These  Values  to  100  Feet 

Engineers.  dia/Lstncn.  -ilitors — aii 
who  have  invcstigatcil  tie  matter — 
•;;iy  th.it  this  i<  the  best  book  of  its 
Kind  that  has  ever  l>cen  published. 

WRITB  FOR  SAMPLE  PAGES 

I  leilbic  leather,    tape   Imunil.    5)t7i    Incbo: 
2H0  pafcs:  price  SJ.OO  net.  poslpaij. 

I  he  .Myron  C.  Clark  Publi.shini;  Co. 
.154  UoirlKim  Street.  ClIlCAi;.  '.   HI. 

n-:!  r-.rv  I; ...    m  u   ■. .  :    . 
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New  and  Standard  Books 

ALL  PRICES  NET    POSTPAID 

••Reinforced  Concrete— A  Manual  of  Practice"  "Engineering  Work  in  Towns  and  Cities*' 

BV    ERNEST    McCULLOrGH,    C.    E.  BY  ERNEST  McCULLOUGII.   C.   E. 

Cloth,  5x734  ins.;  136  pages;  illustrated;  $1.50.  Cloth,   480   pages;    illustrated;   price  $3.00. 

A  book  foi  the  practical  concrete  worker— the  man  on  the  Job—  This  volume   takes  up   the  various  classes  of  engineering  work 

who  has  not  the  requirements  of    statics  and    the    theories    of   the  called    for    in    carrying   out    the    public    works    in    towns   and    small 

mathematician  at  his  tongue's  tip.   but  who  desires  in  plain  words  cities  and  discusses  each  in  a  practical  way  for  the  use  of  the  cit> 

the  fundamentals  of  correct  design  and  the  practice  of  sound  and  engineer  and  superintendent  of  public  works.     Methods  of  perform- 

«conomical  construction  work.  ing   work  are    described   plainly   and    the    book   is   filled   with   hints 

and  details   so    necessary    to    know   and   so   generally   neglected    ir 

'•Concrete  Construction— Methods  and  Cost"  '  ""'"^^  °"  "^  engineering 

BY  HALBERT  p  GILLETTE  AND  CHARLES  s  HILL  "TJieorv  udd  Dcsign  of  Reinforced  Concrete 

Cloth,  6x9  Ins.;  700  pages;  310  illustrations;  $5.00.  Ai«/>hX    " 

This  book  contains  700  pages  of  cost  data  and  methods  of  con-  AFCneS 

■Crete  construction  of  all  kinds.     The  authors  have  filled   the  pag-s  rv   arvtd  RTriTTTTRriATTT     a.^    r      a     at 

■Of   their    book    with    the    sort    of    information    that   an    engineer    or  ,  .      a«.  v  iij  ri.i!.<j  1  ji,KUAtii^,  be.  a.,  A.  M. 

contractor   needs   in   estimating   the   cost  and   reducing   the   cost   of  (Assistant  City  Engineer,    Spokane,   T\ash.) 

concrete  work,  both  plain  and  reinforced.  Cloth,  6x9  Ins.;  140  pages;   illustrated;  $2.00. 

Of   all    the    problems    in    bridge    designing    the   analysis    of    thf 

Concrete  3nd  KeintOrCed  concrete  LOnStrUCtlOn  heretofore  appeared   on   this  subject  are    either   so   mathematically 
T5V    vrmip-n     a     nviri     a  >==n^     At      a,,-,     «„^     r     v  abstruse  or  leave  so  much  to  the  reader  to  demonstrate  for  himself 
Bl    HO.MEK    A.    HElU,    Assoc.    M.    Am.    Soc.    L.    E.  that  they  are  of  little  value  to  the  practical  engineer  or  to  the  tech- 
Cloth,  6x9  Ins.;  906  pages;  715  illustrations;  70  tables;  $5.00.  nical  student  whose  mathematical  training  has  not  been  of  excep- 
The   most    complete   and   comprehensive   book    ever   written    on  tiona!    orden     This    book    remedies    these    faults.     The    analysis    if 
this  subject.     It  is  in  fact  a  combination   of  several   books  in  one.  graphical.     Every  principle  involved  is  explained  thoroughly;   there 
It  has  200  working  drawings  of  bridges,  bridge  piers  and  culverts:  are    no   missing   steps.     The   result   is   for   the   first  time  a   treatise 
•60   working   drawings   of  sewers,   water   mains   and   reservoirs;    30  on  'he  elastic  arch  which  can  be  read  and  understood  by  the  gen- 
working  drawings   each  of   retaining  walls  and  dams;   200  working  ^''a'  practitioner. 
<3rawings    of    buildings    and    foundations,    including    shops,    round-  «<     ••  i    n>                           n«i      •       n 

*°"^^^  **=  Solid  Bitumens,  Tlieir  Pliysical  and  Ciiemical 

^'Pocket  Book  of  Reinforced  Concrete"  Properties  and  Cliemica!  Analysis,  Together 

Flexible  Leat''hIr,^Gi,V^Ejg|fff|^S.^l74^pag^es;  167  iiius-  With_  a  T^dtise  ou  the  Chcmica!  Techttology 

The   purpose    of  this  book   is   to  provide    the   designer  In   rein-  Ol    DltUminOUS    PaVementS 

forced  concrete  with  the  formulas,  tables  and  collateral  data  neces-  ,               tm^(^i-h  1 -vr 

■sary  for  computing  reinforced  concrete  structures  of  all  kinds.  ^'^    "^^   ^-   ^  I'.C  KH.\.M,  A.   M. 

(In    preparation;   ready  soon.) 

^'Practical    Cement  Testing"  »J!iT'"  'f°  t?'  commissioner  of  Accounts,  City  of  New  York.) 

»  (Member   of   the   American   Philosophical   Society,    the   Society   ol 

BY  W    PURVES  TAYLOR,  M.  Am.  Soc.  C.  E.  Chemical  Industry,   the  American  Chemical  Society,  etc.) 

(Engineer  in   charge  of  Philadelphia  Municipal   Testing  The    author    of    this    book   has     been     experimentally     studyin£ 

Laboratories.)  bitumens    for   a    period    of    40    years,    and    this    book    embodies    the 

Cloth,  6x9  inches;  330  pages;   142  Illustrations;  58  tables;  $3.00.  results  of  his  deductions  and  studies.     While  the  book  thus  repre- 

„,,  ,     .            *■      ,        J        1         *.        i.       *.             *,.              .      ,   ^.  sents   the    personal    labors   of   a    lifetime,    a   voluminous   treatise   in 

This  IS  a  practical  and  exhaustive  treatise  on  the  ruanipulation  themselves,   the  author's  aim  has  been  not  only  to  give  first  hand 

«f  cemen*  tests.     Each  chapter  contains  a  minute  description  of  the  studies  and  results  but  also  to  present  fully  the  work  of  others  in 

methods    followed    in    the    authors    laboratory    and    many    valuable  the   same   field.     The   result   has  been   a  treatise  on  the  subject  of 

suggestions  as  to  the     how     and     why     of  cement  testing.  sgna    bitumens    that    is    comprehensive,    scientific   and    thorough    In 

_                 A         m»       A                    J    r"                 A  a   remarkable   degree.     This  book  is  the  most   notable  contribution 

Cements     Mortars  and   Concretes '°  practical   chemical   technology   that  has   been  written  In   recent 

Their  Physical  Properties"  ••pjeld  System" 

BY  MYRON  S.   FALK,   PH.   D.,  3Y  FRANK  B.  GILBRETH. 

(Instructor  in  Civil  Engineering.   Columbia  University.)  200  pages,  with  illustrations;  bound  in  leather;  $3.00. 

Cloth,  6x9  inches;  184  pages;  illustrated;  $2.50.  This  book  was  written  by  one  of  the  largest  general  contractors 

This   book  contains   the   results  of  tests    made   during  the  past  in  the  world,  and  contains  nearly  200  pages  of  rules  and  instructions 

■fifteen    years    on    cements    and    cement    products,    and    gives    these  for    the   guidance    of    his    foremen    and    superintendents.     It    is    the 

results  in  tables  and   diagrams  classified  according  to  subjects.     It  outgrowth   of  over  20  years  of  experience  In  the   contracting  busi- 

is   a    reference   book    that    should    be   in    the   library   of   every    civil  ness  and    embodies   scores  of  suggestions   for  economizing  and   for 

•engineer.     The  contents  Include  chapters  on  Chemical  Properties  of  Increasing  the  output  of  the  men   on  the  job.     Mr.  Gilbreth  Is  the 

■Cement.    Physical    Tests    of    Cement,    General    Physical    Properties.  contractor  who  made  the  "Cost-plus-a-fixed-sum-contract"  famous; 

Elastic    Properties    in    G'eneral.    Tensile     Properties,      Compressive  In  doing  so,  he  has  likewise  made  famous  Gllbreth's  "Field  System," 

Properties,    Flexural    Properties,    Report    on   Uniform   Tests   of   Ce-  only  a  few  excerpts  from  which  have  heretofore  appeared  in  print, 

ment   by    the   Special  Committee   of  the  American   Society   of  Civil  In  making  public  his  "Field  System."  Mr.  Gilbreth  Is  perform- 

Engineers,  and  Constitution  of  Cement.  ing  a  service  to  the  public  that  is  comparable  with  the  action  of  a 

physician  In  disclosing  the  secret  of  his  success  In  curing  a  disease. 

■<(U^_ JU<x<vl>    ^C  f^^t.  rk_A_"  The  disease  that  Gllbreth's  "Field  System"  aims  to  cure  is  the  hit 

nandDOOK    or   cost   Uata  or  miss  method  of  domg  contract  work 

BY  HALBERT  p  GILLETTE.  M  Am  Soc  c  E  Qther  Ncw  and  Staudard  Books 

Flexible  leather,  gilt  edges;  622  pages;  illustrated;  $4.00.  ""J^      . !,   "       '  "   *?.         7..     ^:              ^  .  ,,,                           .„  rr 

„.  .     !,,,„„              <,nn  „              e      \    \          .      »    ,         „           ,,,  BERG.— "Timber  Test  Record.        57  pages,  20  tables,  paper t0.5C 

This  book  lias   over  600  pages  of  actual   costs   taken   from   the  FISH.— "Mathematics  of  the  Paper  Location  of  a  Railroad"....   0.25 

£J^'<.  t.l  /     ^^''^i  °^  engineers  and  contractors    and  so  itemized  and  INSKIP.— "Tables   of   Five    Place   Logarithms   and   Five    Place 

analyzed  as  to  be  of  practical  working  value  to  any  person  who  has  Squares,  From  0  to  100  Feet  by  'Thirty-seconds  of  an  Inch, 

^°hf°..r.^V'i=T^,h.V?H"^,  ^,  '^fi''fi"T'''^,°'"  J"    '''l«'^'^'."?   estimates  with  Tables  of  Logarithmic  Secants,  Natural  and  Logar- 

^P^c,^r^J^liA,^lfl,^^^l^l]?lt^t^^^  ithmic   Functions,"   Etc.     Flexible  leather;   6x7%   Ins.;   280 

of  labor  and  materials  required  for  every  kind  of  construction.     No  pa"-es                                                                                                                3  00 

re,^rL^'   "wil""  =' o nH ""nH n^=  ^f"^  J""-   i""""   ^°   ^"^   described    and  GILLETTR— "Earthwork  and'its  Cost/'' ■  Cloth,' 5xV4' 'ins'.; '260 

recorded.      Uages  and  prices  of  material  are   given   in   every   case.  names'    =10  lUustritions                                                                              2  00 

ft°  ^ilt^ ''Jr?„'''"v,^h!',''h;^"!i'n?= ''^^   HSoH^nt  '^''/''^   conditions   differ.  ..Economics    of    Road    Cons't'r'uctiin.''"  "cio't'h,"56  "pages'; "i'liiis:     ' 

It    gives    also    valuable    data    on     methods     of     construction,     thus  trated                                                                                   »•   =      ■                 ^  ^^ 

Sn^.^ihH^  ^n';''i?%"i  onn'^o^^'f  ^T^y.]"^  ^)1J^^°^^  economical  manner  ..Ro^k  Exct^OaUon-Metho'd's' 'and  'cost.''' ' '(iioth,' 's^x'?' "ins".;' '384 

possible.     0\er   14.000    copies   of   this   book  have    been    sold   in    two  names'  illustrated                                                     •      '^                          ^  ^^ 

years.     The  general  headings  are:  MAY'ER.-"Telephone  "constructioii"-' 'Methods' "and  "cist.'" 

Cost-Keeping,  Preparing  Estimates.  Organization  of  Forces,  etc.  Cloth,   6x9  Ins.;  300  pages:   100  illustrations;    157  tables 3.00 

— Cost  of  Earth   Excavation — Cost  of  Rock  Excavation  and  Crush-  GILBRETH. — "Bricklaying    System."     (In    preparation;    ready 

ing — Cost  of  Roads.  Pavements  and  Walks— Cost  of  Stone  Masonry  soon.) 

— Cost    of    Concrete    Construction    of    All    Kinds — Cost    of    Water-  McCULLOUGH. — "Engineering     Contractor's     Pocket     Book." 

Works — Cost  of  Sewers,  Conduits  and  Tile  Drains — Cost  of  Piling.  (In  preparation;  ready  soon.) 

Trestling    and    Timberwork— Cost    of    Erecting    Buildings— Cost    of  TAYLOR. — "Surveyor's    Handbook."      Flexible     leatlier;     4^4x7 

Steam  and  Electric   Railways — Cost  of  Bridge  Erection  and  Paint-  ins.;   328  pages:    illustrated 2.00 

ing — Cost   of   Railway   and   Topographic    Surveys— Cost   of   Miscel-  SEELEY. — "How   to   Become  an  Inspector  on   Public  Works." 

laneous   Structures.  (In  preparation;  ready  soon.) 

The  Myron   C.   Clark  Publishing   Company 

13-21  Park  Row.  NEW  YORK  355  Dearborn  Street,  CHICAGO,  ILL. 
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CONTRACT    NEWS 


INDEX. 

rxcB* 

Bid*   Asked 3.'. 

Bridges 3S 

Buildingg    30 

Rosdj  and  Streets .  .  36 

Sewers    :«l 

Water  Supply  :I7 

Excavation. .  :<7 

Uiscellaneous   :t7 

llatenal.  Machines,  etc .37 

Contracu  Let 37 

Wc  shall  welcome  any  news  notes  that 
our  readers  may  send  in.  Notes  of  con- 
tracts awarded,  bidding  prices,  etc.,  will  be 
especially  acceptable. 


BIDS  ASKED 
Bridges. 

Bids  Open.  See   Issue. 

Keb.  3.  Corydon,     Ind Jan.  27 

Feb.  3.  Toledo.    O Feb.   4 

Feb.  5.  Toledo.     O Jan.  27 

Feb.  5.  Cincinnati,    O Jan.  20 

Feb.  6.  Mena,   Ark Jan.  20 

Feb.  6.  Cuero.    Texas     Jan.  27 

Feb.  6.   Richmond.     Ind Feb.  3 

Feb.  9.  Lawton.    Okla Jan.  27 

Feb.  10.   Fort    Des    .Moines,    la Jan.  27 

Feb.  12.  Grand    Forks,    N.    Dak Jan.  27 

Feb.  15.  Norwalk,    O Jan.  27 

Feb.  15.  Lisbon,    O Jan.  27 

Feb.  15.  L,yncliburg,     Va Feb.  3 

Feb.  16.  Waseca,     Minn Jan.  27 

Feb.  20.  Cleveland,     O Jan.  27 

.Mar.  2.  Faulkton.     S.     Dak Feb.  3 

.Mar.  4.  Paris.    Ark Jan.  13 

April     5.  Harrlsburg,    La Feb. 


Buildings. 

BinBlianiloi).     X.     Y Jan.  27 

.Albany,     N.     Y Jan.  27 

Kansas    City,    Mo Jan.  27 

San  Antonio,   Texas Dec.  30 

West   Durtiam.  N.  C Jan.  20 

Danville,     Va Jan.  27 

Danvill.-.     Va Feb.:; 

Fcirt    Barnincas,    Fla Feb.  I! 

Reading,     O Jan,  27 

Welch.    W.    Va Jan.  20 

Columbus    Barracks,    O Jan,  20 

Fort  Myer,  Va Jan.  20 

Athens,  O Jan.  20 

Pleasant    Ridge.    O Feb.  :: 

National  Soldiers'  Home,  Va.Jan.  20 

Stanford,  Ky Jan,  20 

BroiiklvM.     X.     Y Feb.  :i 

Dulce.    N.    Mex Jan.   13 

Clarlnda,  la Jan.  13 

.Madlsonvllle,    Tenn Jan.  20 

Knrt    .-^loiiini,    N.    Y Feb.  .I 

WashlnKlon.     D.    C Feb.  3 

Cl.v.land.     O Feb.  3 

Fort    Oglethorpe,    Ga Feb,  3 

Watkins,     N.     Y Jan.  27 

Fort    Niagara.    N.    Y Feb.  3 

Fort    Monroe,   V.-i Jan.  27 

Grand    Rapids.    MIeli    Jan.   13 

Shenandoah.    la Ian.   13 

Fort  Dupont,  Del Jan,  20 

Grand   Rapids,   Mich Jan,  20 

Patlnn.      Cal Feb.   3 

Brawl..y.    Cal Feb.  3 

Youngstown,     O Jan.  27 

Washington,   D.   C .Jan.  20 

Whe.llng.     \V.     Va Feb.  3 

San    Bernardino.    Cal Feb.  3 

Redfleld,    S.    D Jan.  20 

Salisbury.  N.  C Jan.  20 

Anailarko,    Okla Feb.  3 

C.Tiiit     Falls.     .Mont Feb.  J 

Richmond,     Kv Feb.  3 

Greenville.   Miss Ian.  20 

Newton.     la Jan.  27 

Fort    1>.    A.    Russ-ll.    Wvi   ...Feb.  3 

Bar  Harbor.   Me Jan.  20 

Am*'rlcu».     Kan Feb.   3 

Fort    Riley.    Kan Jan.  27 

Abilene.     Tex Feb.   3 

Do<lge    City,     Knn Feb.  3 

I»s     .Xngi'les,     Cal Feb.  3 

Slgourney,    la Jan.  27 

Wn.shlnglon.    D.    C Feb.   3 

La    Salle.    Ill Inn.   IS 

Omaha.  Neb ..Jan.     S 

Cadsdeii.    Okla Feb.  3 

Atlanta.     Ga Feb.  3 

Augusta.     .Me Feb.  3 

Atlanta.    Gn Feb.  3 


Feb. 

3. 

Feb. 

3. 

Feb. 

3. 

Feb. 

4. 

Feb. 

4 

Feb. 

Feb. 

.-, 

Feb. 

.-, 

Feb. 

6. 

Feb. 

6. 

Feb. 

S 

Feb. 

9. 

Keb. 

9. 

Feb. 

9. 

Feb. 

10. 

Feb. 

10, 

Feb. 

10. 

Feb. 

11 

Feb. 

11. 

Feb. 

11 

Feb. 

11. 

Feb. 

11 

Fel). 

12 

Feb. 

IL' 

Feb. 

13. 

Feb. 

13 

Feb. 

15. 

Feb. 

15 

Feb. 

15. 

Feb. 

15 

Feb. 

15. 

Feb. 

15 

Feb. 

15 

Feb. 

Ifi 

Feb. 

Ifi. 

Feb. 

IK. 

Feb. 

It; 

Feb. 

17 

Feb. 

17 

Feb. 

17 

Feb. 

17 

Fell. 

17 

Feb. 

18. 

Feb. 

18 

Feb. 

19 

Feb. 

20, 

Feb. 

I'll 

Feb. 

23, 

Feb. 

23 

Feb. 

73 

Feb 

23 

Feb. 

24 

Feh. 

:;4 

Feb. 

27, 

Mar. 

1 

Mar 

1 

Mar. 

Mar. 

3 

Mar. 

8. 

Feb. 

3 

Feb. 

3 

Feb. 

3 

Feb. 

3 

Feb. 

3 

Feb. 

3 

Feb. 

3 

Feb. 

4 

Feb. 

4 

Feb. 

4 

Fell. 

4 

Feb. 

4 

Feb. 

4 

F.b. 

4 

Feb. 

4 

Fob. 

5 

Feb. 

5 

Feb. 

5 

Feb. 

5 

Keb. 

5. 

Feb. 

r, 

Feb. 

5 

Feb. 

6 

Feb. 

X 

Feb. 

X 

Feb. 

s 

Feb. 

10 

Feb. 

II 

Feb. 

12 

Feb. 

15 

Feb. 

15 

Feb. 

15 

Feb. 

15 

Feb. 

16 

Feb. 

IS 

Feb. 

IX. 

Feb. 

IS 

Feb. 

IX 

Feb. 

IX 

Feb. 

2.5 

Mar. 

2 

Feb. 

3. 

Feb. 

3 

Feb. 

3. 

Feb. 

;>. 

Feb. 

.^. 

Feb. 

s. 

Feb. 

s. 

Feb. 

9. 

Feb. 

10. 

Feb. 

HI. 

Feb. 

11. 

Feb. 

15. 

Feb. 

15. 

Feb. 

16. 

Feb. 

17. 

Feb, 

17 

Feb. 

20. 

Feb. 

3 

Feb. 

4 

Feb. 

5 

Feb. 

h. 

Feb. 

X 

Feb. 

15 

Feb. 

15. 

Feb. 

15. 

Feb. 

17 

Feb. 

20. 

Feb. 

23. 

Feb. 

24 

Mar. 

15 

Feb. 

3 

Fib. 

4. 

Feb. 

4 

Feb. 

5 

Feb. 

5 

Feb. 

6 

Feb. 

8 

Feb. 

I* 

Feb. 

11 

Feb. 

11 

Feb. 

12 

Fob. 

13 

Feb. 

15 

Feb. 

16 

Feb. 

18. 

Feb. 

26. 

Mar. 

3 

Roads  and   Streete.  Excavation,  Earth  and  Rock. 

.Cleveland,   O Jan.  (  ..^,,  .  f,,_,,    ,,, 

.   BlufTlon,   Ind Jan  13  ►*''•  •"  Glratd.  Ill,  

Kokomo,  Ind                                 I    •  .  ^  ^  .  CM.   .-           ...  ^"''   ^"'"''''  •'''"•  '* 

Brooklyn.     N       ^  F««>.  6.  Edlnbur*.  III.,  ^.,      ^      ,       , 

Mun.  I.       Ind                                    I  ,1  f^"*    Drain.  Jan.  Zi 

I                   .,       i„.i                          J,.,,  ■■•  Feb.  6  l>t.|phi,    Ind., 

nd                            i.      '.  »■■<''•■  6.  Atkinson,  III.,       • 

;  lT...,u..a.   Ind                            ';      :.  ,.  ,  .   ^,           „      „^          Dltche..  Jan.  M 

.    Rockville,     Ind                                 ,.r  '••"'•■  «.  New«-»»tle.  Md. 

.   IjiP<.rte.    Ind J.u!.  j;  „,  <,    ,        ,      ,       ^,                Drain,  teb.  3 

Blufrtown,     Ind Jan.  27  "•"'•  »■   I^   Junta,    Colo ,                       .     „  ..    , 

.  Bluffton,    In,l Jan.  27  ....  ,„    ,^„„    ,.           KmbunkmeM,  Keb.  5 

St.     l^iul.    Mii.M Feb.  3  '■»'•  10.  Lo«an.   to..         n,,^.     „,„,^     ,,„      , 

.   I>..«n.r.s    Grove,     III Feb.  3  . .  ,  ,,„.,,       «.  „  "'AS"    "  "rk.  J»n.     • 

Lebanon.    Ind.    .'....• i'.'.jan.   13  ■•'•"  "     "*J  La"-  ■""'"•  i^W'V;  w.^^    p,b    S 

.  Anderson.  Ind Jan.   13  ...  ,,     „    .          .    .-  „       ,1^"   ^^"^^-  '^*''    * 

,  Cincinnati,  O Jan.  2«  ••*•''•  "•   R'>1««>'1    J-""*.  .^ '""„,„,„    p..    , 

■  TlDttm      I'nd      itn    li        "•■••"      12.   IMkotah,   la.. 

?  e!e";„,       b •'fcI,    l  DUch  Work,  Feb.  Z 

pi...^.;;Mg.'  Al.  ::;:::::::::: iFel;:  ?    •■''•»'•  '*  vamarai*..  md. 

,  Terre    Haute,    Ind Jan.  27  ..^„  ,.    Ko«ler     Iml  D'tcb  W ork.   I- cb    J 

.  Indlanola,    la Jan.  27  ^"^  "    I-o«ler,    Ind., 

Franklin,     Ind Jan.  27  y.  ,„    Kll,«wl^ke  JHnn       ^  "'"••'»''•  '* 

Atlantic    City.    N.    J Feb.  3  ■•^•''  "    ■•-"**    '-»"'•■  ^"J[?.-^  xyork    Feb    I 

Baltimore.     Md Feb.  3  „„,,  „    h-„.„i     m  '^"   "          '"■  '    " 

.  Appleton.    Wis Dec.  30  ^'^^-  ''■  Ha^^el.   III.. 

Whfn'p'irBaVracksAri.  ••■Jan''o-        >'«^-      '■  Fairmont,   Minn?"'"  '"""•  ''•*    * 

:  st.'"^i^u.i,'^M'inn''.''.-..^."';:;;'^?i,;3  d'"^"  w-'"-  •'•'>. » 

,  Paris.    Ill F.  r.    :: 

I'piand.   Cal F.  Materials,  Machines,  Supplies,  Etc. 

.Milford,    O F.I.  '         rr         > 

Spencer,     Ind Jan.  27  y^^,       3    Saski.Ich-wan.    Saak.. 

Spencer,   Ind Jan.  20  Rnllora    Jan    JT 

Greenwood      S.     C Feb.  3  ^^^b.      3.  Buffalo,    N.    Y.,            ^°"'"'  •""•  " 

Qjikwood     O. Feb.  3  Engine   Dynamo.  Jan.  2T 

Greenn.ld.    .Md Feb.  3  F„h       3    Chlcaeo     III 

Fort    Williams     M. Feb.  3  '''"'       •••  Tran^,^n„ " .,'  Watermeters.  Jan.  27 

.  Bloomlngton,    Ind. Ian.  2,  ppb.       3.  Baltimore,   Md.. 

-  Tile.  Jan.  27 

Sewers.  Feb.      4.  Duluth,    Minn  . 

Corjiorallon  Coeka.  Feb.  J 

Brooklyn,    N.     Y Jan.  27  Feb.      5.  Key  West.  Fla.. 

Chicago.    Ill Feb.  3  Condenser.  Filter.   Etc..  Jan.     ( 

Birmingham.     .Ala Feb.  3  Feb.      5.   Banff.  Alberta. 

Ixiuisville.    Ky Jan.  27  Sewer  Pipe.  Jan.  II 

Plttstmrg.    Pa Feb.  3  Feb.      5.  Pittsburg.    Pa.. 

College   Hill,    O Jan.  20  Castlnga.  Feb.  I 

Zanesville.    O Feb.  3  Feb.      6.  Lorain.    O.. 

Niagara    Falls.   N.    Y Feb.  3  Pump.  Jan.  17 

Detroit.    Minn Jan.  27  Feb.      8.  Washington.  D.  C. 

Brooklyn.    .V.    Y Feb.  3  Drills.  Valves.  Etc..  Jan.  tO 

Brantford.     Ont Jan.  27  Feh.      8.  So.   St.   Paul.   Minn.. 

Santa    Cruz.    Cal Feb.  3  Electric  Pump.  Feb.  I 

Atlanta.    Ga Feb.  3  Feb.      9.  New    York,    N.    Y., 

Ashtabula,    O Jan.  27  Broken    Stone.  Jan.  27 

East  St.  Louis.  Ill Jan.  20  Feb.    10.  Phoenix.    Arlx.. 

,  Baltimore.    Md Feb.  3  Pumping   Engine.  Jan.  27 

Denton.    Tex.                        Feb.  3  Feb.    10.  Baltimore.    Md.. 

Tllo.  Feb.  J 

_,    ^        _          ,  Feb.     10.   Baltimore.    Md.. 

Water   Supply.  Electric    Light    Piwta.    Etc..  Fob.  » 

Feb.    10.  Indianapolis.    Ind.. 

Baltimore,    .Md Jan.  27  Asphalt.  Feb.  3 

Mlnot.    N.    Dak Jan.  20  Feb.    11.  Kansas  City.   Mo.. 

Kev    West.    Fla Jan.     6  Water  Pipe.  Feb.  » 

Kev    West.    Flu Jan.   IS  Feb.  11.  Duluth,    Minn.. 

ICilgmoni,    S.    Dak Feb.  3  Pumpa.  Feb.  X 

New   Vim.   Minn Jan.  20  Feb.     11.  Washington.    D.   C, 

Sebree,  Kv Jan,  20  Rope.    Pumps.   Jacks,    Etc.,  Feb.  S 

Itta     Bena.     Miss Feb.  3  Feb.    15.  Superior  Entr>',  Wis.. 

International    Falls.    Minn Feb.  3  Piles.  Jan.  10 

Webster.    N.    Y Fob.  3  Feb.    15.  Savannah.    On.. 

.Mabton.    Wash Feb.  3  Paving  Blocks.  Jan.  27 

Owosso.     Mich Feb.  3  Feb.    IS.  Washington.   D.    C. 

Wichita,    Kan Jan,  20  Tra-k    Supplies.  Jan,  27 

Feb.     17.  Mil  • 

Miscellaneous.  :  ■  Light 

n,ii,i  Jan.   IS 

Baltimore,    .Md.,  Feb.    22.  Winnipeg,  Man., 

Lighting   System,    etc  ,  Jan.  27  ''Mmp.   Uotor.  Dec.     * 

Pittsburg.    Pa..  F.-b.    23.   Wii  -  _  .     _ 

Garbage   Removal.   Feb.  3  ea.   Etc..  Feb.  I 

Kan.-<as  Citv,   .Mo..  Mar.       I.  I..*'  ii.     

Dike     Work,   Feb.  3  i;:.  .trl.al  .Mach..  Etc.  Jan.  XT 

St.    Louis.   .Mo.. 

Street   Lighting.  Jan.  IS 
Pittsburg.    Pa.. 

Street  Lighting.  Feb.  3 
Boston.  Mass., 

Wreck  Removal,  Jan,  20 
Prescott.    Ariz.. 

Fence.  Jan.  IS 
lloiiinan.     1,41., 

Elwtrif   Plant,  Feb.  S 
Mobile,   Ala., 

Pontoona,  Jan.  20 
.Mont    Alto,    Pa., 

Gas     Genernlors.   Feb.  3 
Milwaukee,  Wis., 

Concrete  Calasona.  Jan.  20 
Hawaii. 

Dry  Dock.  Deo.    • 
Rock    Island.    III. 

Street   Lighting.   Feb.   3 
Frankfort.  Mich.. 

Pier     Work.  Jan.  27 
Fort    Barrancas.   Fin.. 

Fence.  Feb.  S 
San  Francisco.  Cal.. 

Pier.  Feb.  S 
Mllwauke...    Wis.. 

Incineration   Plant,  Feb.  S 


BIDS  ASKED 

Bridges. 

Rid*  are  asked  on  following  work.  lh» 
notes  being  arranged  alphabetically  by- 
slates: 

under     Bids     Aaketl  — 


Upland,     Cal.--S<-e 
RoadM  and   Strt^.ts. 
Richmond,   Ind.— fntll  ?  p    m      FVh    «.   Uy 

D.     S,     i"<).-.    Cunty     .\     ■"  "  '   '^.J 

the  t*onuni>n(t    Itrldge   i- 

Harrltonborg.    La        1 
111.      > 
le% 

fuf  .1 

for    r.i^ilr    .»f    .st>,l    i.iMj;.    .a   Ji.i..  ..<^llli      II. 
W.    Ilethnnl.    Clerk    Police    Jur>-. 

Toledo.   C     I  .111    1.1.  l.^    ll<uir<T 

PuMli-   .>Jirvl  .    for 

latM>r    and    H'  ■  *    the 

Cherry  .Si.  I „ The 

work    r*'miirl«»'S    the    furni!*hinc    i.l    all    labor 
and     innti-rlnl     for    placing     nddlilonal    floor 
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beams  in  the  two  Water  St.  spans  and  for 
placing  additional  floor-beam  hangers  for  six 
spans. 

Faulkton,  S.  Dak.— Until  Mar.  2.  by  W.  H. 
Race,  County  Auditor,  for  one  steel  bridge 
70  ft.  long  across  the  Ni.xon  River  and  one 
steel  bridge  100  ft.  long  across  the  Nixon 
River. 

Lynchburg,  Va. — Until  3  p.  m.,  Feb.  15, 
by  Council  Committee  on  Streets  and  Sew- 
ers, H.  L.  Shaner,  City  Kngineer,  for  con- 
structing a  reinforced  concrete  viaduct.  The 
work  includes  1,600  cu.  yds.  excavation,  220 
tons  of  steel  bars,  3,700  cu.  yds.  concrete, 
1,040    sq.    yds.    of    brick    pavement. 


Buildings. 


Bids  are  asked  on  following  work,  the 
nctes  being  arranged  alphabetically  by 
states: 

Gadsden,  Ala. — Until  3  p.  m.,  Mar.  1,  by 
James  Knox  Taylor,  Supervising  Architect, 
Washington.  D,  C.,  for  the  construction 
(complete)  of  the  U.  S.  Post  OfBce  at  Gads- 
den. 

Brawley,  Cal. — Until  7:30  p.  m.,  Feb.  15, 
by  Trustees  of  School  District,  iVIrs.  D.  L. 
Boyd.  Clerk,  for  constructing  a  10-room 
scliool  building.  B.  M.  Morris.  Architect, 
60S   Grosse    Bldg.,    Los   Angeles,    Cal. 

Los  Angeles,  Cal. — Until  2  p.  m.,  Feb.  23, 
by  County  Supervisors,  C.  G.  Keyes.  Clerk, 
for  the  construction  of  a  building  to  be 
used  as  a  hall  of  records  and  county  office 
buildings,  Hudson  &  Munsell.  Architects, 
Nos.  415-417  Stimson  Bldg.  Contractors  are 
invited  to  submit  bids  on  separate  contracts 
as  follows:  (1)  Contract  for  structural  steel, 
(2)  contract  for  foundation  and  excavation, 
<3)  general  building  contract.  (4)  contract 
for  elevators.  (5)  contract  for  plumbing, 
drainage  and  sewer  work,  (6)  contract  for 
electrical  and   telephone   work. 

Patton,  Cal.— Until  8  p.  m..  Feb.  15,  by 
Lyman  M.  King.  Secretary  of  the  Board  of 
Managers  of  the  Southern  California  State 
Hospital,  Redlands.  Cal..  for  erection  of  a 
receiving  building  at  the  Southern  Cali- 
fornia  State   Hospital  at  Patton,   Cal. 

San  Bernardino,  Cal. — Until  7:30  p.  m., 
Feb.  16,  by  Board  of  Education,  F.  W.  Con- 
rad. Clerk,  for  the  construction  of  a  tech- 
nical school  building.  F.  S.  Allen,  Architect, 
712   Security    Bldg. 

Washington,  D.  C— Until  2  p.  m..  Feb.  11, 
Bernard  R.  Green,  Superintendent  of  Con- 
struction, OfHce  of  Building  for  National 
Museum.  Library  of  Congress,  for  furnish- 
ing, delivering  and  hanging  in  place  com- 
plete the  fireproof  doors  and  trims  required 
for  the  new  building  for  the  National  Mu- 
seum. 

Washington,  13.  C. — Until  noon,  Feb.  24,  by 
H.  L.  Pettus,  Constructing  Q.  M..  Takoma 
Sub-Station,  Washington,  for  installing  door 
and  window  screens  and  awnings  at  the 
Walter  Reed  Army  General  Hospital,  Wash- 
ington. 

Fort  Barrancas,  Fla. — Until  11  a.  m.,  Feb. 
5,  by  A.  L.  Rhodes,  Constructing  Q.  M.,  for 
constructing,  plumbin.g,  heating  and  electric 
wiring  one  artillery  barrack,  one  lavatory, 
one  mess  hall,  one  double  set  firemen's  quar- 
ters at  Fort  Barrancas.  Fla.  Bids  are  also 
asked  for  one  double  set  firemen's  quarters 
at   Fort   Pickens,   Fla. 

Atlanta,  Ga.— Until  3  p.  m..  Mar.  2,  by 
James  Knox  Taylor,  Supervising  Architect, 
Washington.  D.  C,  for  the  installation  of 
a  conduit  and  electric  wiring  system  for 
the  U.  S.  Post  Offlce  and  Court  House  build- 
ing at   Atlanta,    Ga. 

Atlanta,  Ga. — Until  3  p.  m.,  Mar.  8.  by 
James  Knox  Taylor,  Supervising  Architect, 
Washington,  D.  C,  for  the  installation  of 
the  low  pressure  steam  heating  and  venti- 
lating apparatus,  etc.,  for  the  U.  S.  Post 
Offlce,  Court  House,  etc.,  building  at  Atlan- 
ta, Ga. 

Fort  Ogelthorpe,  Ga. — Until  11  a  m.,  Feb. 
12,  by  Capt.  John  M.  Morgan,  Constructing 
Q.  M.,  Fort  Ogelthorpe,  Ga..  for  enlargement 
of  storage  room  in  acetylene  gas  plant  at 
Fort   Ogelthorpe. 

Americus,  Kan.— Until  Feb.  20.  by  H.  W. 
Brinkman,  Architect.  Emporia,  Kan.,  for  the 
erection  of  the  M.   E.  Church  at  Americus. 

Dodge  City,  Kan. — Until  noon,  Feb.  23, 
by  the  Chief  of  the  Weather  Bureau,  Wash- 
ington, D.  C.  for  the  erection  of  a  2-story 
and  cellar  brick  building  for  the  Weather 
Bureau,  U.  S.  Department  of  Agriculture, 
at  Dodge  City. 

Richmond,  Ky.— Until  Feb.  17.  by  Board  of 
Regents  of  the  Eastern  State  Normal  Scliool. 
Richmond,  at  office  of  Anderson  &  Frankel. 
Lexington,  Ky.,  Architects,  for  constructing 
a  heating  and  lighting  plant  and  manual 
training    building    and    distributing    system 


and   heating   appliances   for  University   Hall, 
at  Richmond. 

Augusta,  Me. — Until  3  p.  m..  Mar.  3,  by 
James  Knox  Taylor,  Supervising  Architect, 
Washington,  D.  C,  for  tlie  construction 
complete  (except  elevator)  of  an  extension 
to  the  U.  S.  Post  Offlce.  Court  House,  etc.. 
at  Augusta,  Me.  The  above  item  appeared 
in  our  Jan.  27  issue  with  city  given  as  Au- 
gusta,    Ga. 

Great  Falls,  Mont.— Until  Feb.  17,  by 
Trustees  of  School  No.  1,  Cascade  County, 
A.  E.  Carj',  Clerk,  for  the  construction  of 
Iwo  school   buildings. 

Brooklyn,  N.  Y.— Until  11  a.  m.,  Feb.  10, 
by  Bird  S.  Coler,  Borough  President,  for 
labor  and  material  for  repairs  and'  altera- 
tions to  lighting  and  power  equipment  of 
Disciplinary   Training  School. 

Fort  Niagara,  N.  Y.— Until  10  a.  m.,  Feb. 
13,  by  the  Quartermaster,  for  constructing 
and   pluml.iing  lavatory  building  at  this  post. 

Fort  Slocum,  N.  Y.— Until  10  a.  m.,  Feb. 
11,  by  Capt.  Peter  Murray,  Constructing  Q. 
M.,  for  installing  electric  wiring  and  fi.xtures 
in   drill   hall   and   gymnasium. 

Cleveland,  O. — Until  noon,  Feb.  12,  by  Carl 
Leronz,  Secretary  Library  Board,  for  con- 
struction of  a  library  building  at  the  cor- 
ner of  Clarli  Ave.  and  Scranton  Road,  S.  W. 
Whitfield  &  King.  Architects,  160  5th  Ave., 
New    York,    N.    Y. 

Pleasant  Ridge,  O. — LTntil  noon,  Feb.  9,  by 
Board  of  Education,  H.  W.  Taylor,  Clerk, 
at  office  of  C.  C.  &  E.  A.  Weber,  Archi- 
tects, St.  Paul  Bldg..  Cincinnati,  O.,  for 
erecting  new  school  building  for  this  village. 

Anadarko,  Okla. — Until  2  p.  m.,  Feb.  17, 
by  the  Commissioner  of  Indian  Affairs, 
Washington,  D.  C,  for  the  construction  of 
employes'  quarters  at  Riverside  School,  Ki- 
owa Agency,  Okla.  Further  Information 
may  be  obtained  from  Ernest  Stecker,  Su- 
perintendent,  Anadarko,   Okla. 

Abilene,  Tex. — Until  noon,  Feb.  23,  by  the 
Chief  of  the  Weather  Bureau,  Washington. 
D.  C,  for  the  erection  of  a  2-story  and 
cellar  brick  building  for  the  Weather  Bu- 
reau, U.  S.  Department  of  Agriculture,  at 
Abilene,    Tex. 

Danville,  Va. — Until  Feb.  5,  by  Board  of 
School  Trustees,  for  erection  of  new  school 
house  to  cost   $40,000. 

Wheeling,  W.  Va.— Until  3  p.  m.,  Feb.  16, 
by  James  Knox  Taylor.  Supervising  Archi- 
tect, AVashington.  D.  C.,  for  alterations  to 
the  12th  St.  entrance  of  the  U.  S.  Post  Of- 
flce, Court  House  and  Custom  House  at 
Wheeling. 

Fort  D.  A.  Russell,  Wyo. — Until  9:30  a.  m., 
Feb.  19.  by  Capt.  V.  K.  Hart.  Constructing 
Q.  M..  Keefe  Hall,  Clieyenne,  Wyo..  for  con- 
structing. pUnnbing,  heating,  electric  wiring 
and  electric  fixtures  for  the  following  btiild- 
Ings  at  Fort  D.  A.  Russell:  Two  dispensa- 
ries, plan  No.  247,  one  or  two  quartermas- 
ters'  stables,  plan  No.  139-L. 

Roads  and  Streets. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Upland,  Cal.— Until  7:30  p.  m.,  Feb.  15,  by 
City  Trustees,  R,  C.  Norton.  City  Clerk,  for 
improvement  of  Euclid  Ave.,  the  work  in- 
cluding 314  miles  of  macadam  pavement,  18 
ft.  wide,  bordered  on  each  .  side  by  oil- 
tamped  pavement.  6  ft.  in  width:  31^^  miles 
of  rough  cobblestone  gutter,  7  ft.  In  width, 
and  15  concrete  arched  bridge  culverts,  25 
ft.  in  length,  of  Design  1:  also  5  concrete 
arched    bridge   culverts  of  Design   2. 

Downers  Grove,  III. — Until  7:30  p.  m.,  Feb. 
4.  by  Board  Local  Improvements,  J.  W. 
Hughes,  President,  for  street  improvement 
work  to  include  about  27,011  cu.  yds.  of  earth 
excavation  for  parkways,  45,595  sq.  yds.  of 
vitrified  brick  pavement,  116  storm  water 
inlets  to  be  adjusted  to  grade,  66  storm 
and  sanitary  manhole  covers  to  be  adjusted 
to  grade. 

Paris,  HI. — Until  Feb.  15,  by  Board  Local 
Improvements.  Walter  Logan,  Clerk,  for  con- 
structing about  21,000  sq.  yds.  of  brick  pave- 
ment. 

Lafayette,  Ind.— Until  10  a.  m.,  Feb.  12. 
by  Jno.  P.  Forsman,  County  Auditor,  for 
constructing  two  gravel  roads. 

Fort  Williams,  Me.— Until  10  a.  m.,  Feb. 
25,  by  Capt.  F.  J.  Morrow,  Constructing  Q. 
M.,  Portland,  Me.,  for  constructing  concrete 
walks  at  Fort  Williams.   Me. 

Baltimore,  Md.— Until  11  a.  m..  Feb.  10, 
by  Wm.  .S.  Manning.  General  Superintendent 
of  Parks,  Druid  Hill  Park,  for  re.grading, 
constructing  of  catch  basins,  pipe  lines,  con- 
structing of  armored  concrete  curb  and  pav- 
ing Patterson  Park  Mall  and  also  the  path 
along    Mount    Royal     approach     and     south 


boundary  of  Druid  Hill  Park  from  North 
Ave.  to  Robert  Ave.  and  thence  from  south- 
east end  of  wall,  south  boundary  of  Druid 
Hill  Park  to  Eutaw  Place.  Alternate  bids 
are  asked  on  brick  and  on  asphalt   block. 

Greenfield,  Md. — Until  10  a.  m.,  Feb.  IS, 
by  Chas.  H.  Troy,  County  Auditor,  tor  con- 
structin.g  macadam  road  on  line  between 
Hancock  and  Marion  Counties. 
"st.  Paul,  Minn.— Until  Feb.  15,  by  Edward 
G.  Kramer.  County  Auditor,  for  macadamiz- 
ing  or  graveling  Bald   Eagle  Lake  Ave. 

St.  Paul,  Minn.— Until  2  p.  m.,  Feb.  4,  by 
Board  Public  Works,  for  wooden  sidewalk 
construction    for   the   season. 

Atlantic  City,  N.  J.— Until  S  p.  m.,  Feb.  8, 
by  E,  D.  Riglitmire.  City  Engineer,  for 
street  pavin.g.  The  work  includes  7,203  sq. 
yds.  6-in.  macadam  pavement,  4,407  sq.  yds. 
12-in.  Telford  pavement,  9,922  sq.  yds.  vitri- 
fied fire  clay  block  pavement  and  gutters, 
including  concrete  foundation;  310  cu.  yds. 
of  concrete,   not  covered  by  block  pavement. 

Cleveland,  O Until  noon,  Feb.   5,  by  E.  H. 

Mcintosh,  Secretary  Board  Public  Service, 
for  grading,  curbing  and  paving  with  brick 
on  a  number  of  streets. 

Milford,  O — Until  noon,  Feb.  16,  by  James 
Sheoliy.  Village  Clerk,  for  macadamizing 
portion   of  pike  road   through   the  village. 

Oakwood,  O. — Until  Feb.  18,  by  Village 
Clerk,  for  paving  portion  of  street  with 
brick. 

Pittsburg,  Pa. — Until  10  a.  m.,  Feb.  5,  by 
Department  Public  Works,  A.  B.  Shepherd, 
Director,  for  grading,  curbing  and  paving 
with  standard  street  asphalt  on  Fair  Oaks 
St. :  also  for  grading,  curbing  and  paving 
with  standard  street  asphalt  and  block  stone 
on  South  Negley  Ave. 

Greenwood,  S.  C. — Until  noon,  Feb.  IS,  by 
Kenneth  Baker,  Mayor,  for  drainage,  grad- 
ing, curbing  and  paving  of  the  public  square 
with  granite  block  and  with  either  vitrified 
brick,  wood  block,  asphalt,  or  bitullthic,  the 
work  embracing  approximately  21,333  sq. 
yds.  of  pavement.  Wilson,  Sompayrac  & 
Urquhart,    Engineers,    Columbia,    S.    C. 


Sewers. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Birmingham,  Ala. — Until  noon,  Feb.  3,  by 
Maury  Nicholson,  City  Engineer,  for  con- 
structing certain  storm  sewer  mains  and 
branches   at  an   estimated   cost  of  $175,000. 

Santa  Cruz,  Cal. — Until  9  a.  m..  Feb.  15, 
by  J.  L.  Wright,  City  Clerk,  for  construct- 
ing a  sewer  system,  to  include  three  septic 
tanks,  62,912  ft.  of  6-in..  4.343  ft.  of  S-in., 
2.290  ft.  of  10-in.  and  16,834  ft.  of  12-in. 
sewer    pipe. 

Atlanta,  Ga. — Until  3  p.  m.,  Feb.  15,  by 
the  Mayor  and  General  Council,  for  con- 
structing sucli  sewers  as  may  be  authorized 
by  the  Mayor  and  General  Council  for  the 
year  1909.  not  including  such  sewers  as  may 
be  provided  for  in  the  proposed  bond  isue. 
.\lso  for  furnisliing  the  city  with  cement, 
sewer  pipe  and  castings  for  manholes,  catch 
basins,  etc.,  to  be  used  In  the  constructing 
of  the  above  sewers.  H.  M.  Clayton,  City 
Engineer. 

Chicago,  III.— Until  11  a.  m.,  Feb.  3.  by 
Board  Local  Improvements,  C.  A.  V.  Stand- 
Ish,  Secretary,  for  12  contracts  for  con- 
structing drains,  and  14  contracts  for  con- 
structing   pipe    sewers. 

Baltimore,  Md. — Until  11  a.  m.,  Feb.  17, 
by  Sewerage  Commission,  Harry  W.  Rodg- 
ers.  Secretary,  904  American  Bldg.,  for 
building  .sanitary  sewers.  Contract  No.  35. 
The  work  includes:  26,500  lin.  ft.  6-in.  pipe 
house  connections,  32,700  lin.  ft.  8-in.  pipe 
sewer,  5,450  lin.  ft.  pipe  sewer,'  10  to  24  in. 
in    diameter 

Itta  Bena,  Miss. — See  under  Bids  Asked — 
Water  Supply. 

Brooklyn,  N.  V. —Until  11  a.  m..  Feb.  10, 
by  Bird  S.  Coler,  Borough  President,  for 
constructing  sewers  in  portions  of  several 
streets. 

Niagara  Falls.  N.  Y.— Until  7:30  p.  m., 
Feb.  9.  by  Board  Public  Works,  W.  D.  Rob- 
bins,  City  Engineer,  for  furnishing  materials 
and  the  construction  of  the  following  work: 
No.  202,  a  tunnel  trunk  sewer  from  the  end 
of  the  present  tunnel  at  .Sugar  St.  to  Royal 
.4ve.  and  in  Royal  Ave.  and  Royal  Ave.  ex- 
tended to  Union  St.  No.  263,  a  sewer  in 
Union  St.  from  the  end  of  the  proposed 
tunnel  to  Buffalo  Ave. 

Zanesville,  O. — Lentil  noon,  Feb.  8,  by 
Board  Public  Service,  J.  T.  Hahn,  Clerk, 
for  consti'ncting  pipe  sewer  in  5th  St.  Bond 
for  $500  required  with  bid. 

Pittsburg.  Pa.— Until  10  a.  m..  Feb.  5,  by 
Department   Public   Works.   A.    B.    Shepherd. 
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DIroctor,   for  Ave   conlracts  for  constructlns 
9-ln    to   Zt-in   pipe  arwcrs. 

Denton,  Tex — Until  2  p.  m..  Feb.  20  by 
KJ.  F  Hat.-9,  .Mayor,  for  tiljg.  one  for  the 
city  to  furnish  the  vltrltlt-.!  si-wer  plji.-  L'» 
T'a.  Y's  and  ciirvig.  dellvir.-d  f.  o.  I)  Den- 
ton, contmolurs  to  i|..  t  .■  i .  in:ilri,ler:  and 
one    for    fiirnlshlm;     ■  ,„<)    c^n- 

Dtructlnir  a  .-vst.rii  ■  ,4        Tdg 

Work    win   ion!'l!<l.    um  ■    ■•' s^q  ^ 

of  l.-,,-ln.,  :'.23U  ft.  .,!  Ij-ui..  4.2t;5  ft! 
of  M-ln..  •I.S21I  ft.  of  S-ln..  32.S60  ft  «-ln 
diam.trr  sewer  pipe,  wllh  :i  miinhok-s.  68 
i  iilso  a    1""  ■  s  a   dnv    unit 

■_'  '    plant.    !■  lipro.tlniately. 

•^     earth    iv  130    cu.    yUa. 

■inii   n,.s.    r.iiiu.i,  ii.i;    steel.    500  cu. 
■  J  Kravel  or  lirokeii   rock  for  con- 
'  '  'n  automatic  apparatus  for  lllllnit 

l'."'^^.''"'''* '"R  three  beds  In  rotation,  etc. 
N.  \\  erensklold.  Civil  Engineer.   Dallas.  Tex 


Water  Supply. 


Bids  are  a.sked  on  following:  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Owasio,  Mich.  -Until  10  a.  m..  Feb.  24.  by 
Board  PuliU.'  Works,  for  a  complete  pneu- 
matic pumpUiK  plant  for  the  citv.  The 
work  Includes  the  providing  of  an  air  com- 
prc-.s.sor  and  receiver,  and  all  necessary  de- 
vices or  appliances  for  In.stalling  an  air  lift 
In  the  well.s.  together  with  all  necessary 
steam,  air  and  water  piping  for  the  com- 
plete plant;  also  all  the  labor  of  Installing 
said  plant  and  laying  of  necessary  wafer 
and  air  lines  that  are  to  be  laid'  under- 
ground. 

International  Falls,  Minn. — Until  Feb  17 
by  City  Clerk,  for  installation  of  a  complete 
system    of   water   works   here. 

Itta  Bena,  Miss.— Until  2  p.  m..  Feb.  15 
by  Town  Council,  for  constructing  complete 
water  works  and  sewer  sv.-item.  Xavier  \ 
Knimer.    ICngineer.   JIagndlla.    Hiss. 

Webster,  N.  Y — Until  noon.  Feb.  20.  by 
Vlllaire  Trustees.  H.  C.  Heigh.  President. 
for  the  construction  of  a  complete  svstem 
of  water  works,  consisting  of  about  six 
miles  of  cast  iron  pipe,  pumping  station, 
small  reservoir,  standpipe.  power  pumps  and 
other  appurtenances.  Knight  &  Hopkins, 
Engineers.   Rome.  N.  T. 

Edgemont,  S.  Dak — Until  S  p.  m..  Feb.  8, 
by  C.  .\.  Hardy.  City  Auditor,  for  construct- 
ing   water    works. 

Mabton,  Wash.— Until  10  a.  m.,  Feb.  23.  by 
W.  II.  .\slitoti,  Town  Clerk,  for  constructing 
water   works. 

Miscellaneous. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

San     Francisco,    Cal Pier. — Until    9:1.'.    a 

m..  Pel).  2.'i.  by  .Slate  Harbor  Commission- 
ers. W.  L.  Thorpe,  .Secretary,  for  furnish- 
ing materials  and  constructing  Pier  No. 
34,  on  the  water  front  of  the  Citv  and  Coun- 
ty of  San  Francisco.  The  materials  to  be 
used  In  this  work  will  consist  of  the  requi- 
site riuantilies  of  fresh-cut.  close-grained 
Douglas  yellow  llr  piles,  creosoted  piles 
merchantable  yellow  llr  lumber.  Xo.  3  Porl 
Orford  cedar,  staves  for  cylinders,  band 
Iron.  Portland  cement,  .sand,  crushed  rock, 
reinforcing  material.  castings,  steel  I- 
beams.  steel  plates  and  angles,  bolts,  rlv- 
el.s  and  spikes,  car  springs.  st4el  rails  and 
fastenings,    glass,    window    frame,    etc. 

Fort  Barrancas,  Fla — Fence. — Until  11  a. 
m..  Kel).  IS.  for  constructing  fences  at  thi." 
post 

Rock  Island,  Ml,— Street  Lighting.— Until 
Feb  1.-..  by  .M.  T.  Rudgren,  City  Clerk,  for 
furnishing  300  lights  for  street  lighting  b\ 
electricity. 

Houma,  La.— Electric  Plant.— Until  Feb.  9. 
by  .Mayor  and  Hoard  of  Aldermen,  for  ma- 
terials for  an  electric  light  plant  for  this 
city.  Anderson  Offuit,  New  Orleans,  La.. 
Is    Engineer. 

Kansas  City,  Mo.-Dike  Work.— Until  2 
p.  m..  Feb.  1.  by  Fire  and  Water  Commis- 
sioners. .S.  J.  Armstrong.  Secn-tary,  for  the 
construction  of  revetment  work  and  a  pile 
dike  for  the  protection  of  the  water  work.-: 
Intake    at    Qulndnro. 

Mont  Alto,  Pa. — Cas  Crii.nitors.  Etc  — 
I'ntil  .'.  p.  m..  Feb.  II.  bv  .s.iinijil  r,.  Plxon. 
Commissioner  of  Health.  irnin  Race  St.. 
Phlladeliihia,  for  the  furnl-^'hlng  of  all  la- 
bor and  material  necess-nry  for  the  con- 
struction of  acetylene  ga.s  genenitors.  gen- 
erator houses,  etc..  for  the  dining  bulliling 
and  Inflrmary  at  the  Pennsylvania  .state 
South  Mountain  .Sanatorium,  near  Mont 
Alio,  Franklin  County.  Pa..  In  accordance 
with   the  revised   plans  and  speciflcatlons  on 


iVLin,   in''''.i°'"r'^    "'    '.'i?    Commlwiloner    ol 
Health   In    IlarrL^ihiirK.    Pa. 

ia'^U**'""^'  ,P»-     '""lag*     Removal —rnlll 
10:30  a.    m.    l-.i,     1     1,      1  ,.  , .      .    ■.    , 

lie    Safety.    I 

the  collect loti 

age.   orral.    till    ,,,,,,    ,.,,„. 

dcmned     meat     In    and     •  t     the    dlv 

from  Feb.    1.   1909.  to  J.,  ' 

Pittsburg,    Pa.  -  S' 
a.  m.,   F.I..    -..   t.v    I 
A.     H.      Sheph.ril. 
lighting,    e.vih  . 
Ing   in    good    ■ 
nishlng  of  all 

goo<l   condllKiM   ail, I    iitii.t    11 
yards,    alleyways,    byways   111 
City   of    Pittsburg    with   arc   ■ 
la  tops    for    the    term    of    one    > ,  .u     f,.„„    uie 
date  of  ih.'  execution  of  the  contract. 

Milwaukee,  Wis.— Incineration  Plant  — 
Until  lu^O  a  m..  Mar.  .-..  by  l!.«ird  Public 
«orks,    Charles    J.     Poelsch.    Chairman      f..r 

constructing    and     erecti' ■■     ■     -■  ' 

eratlon    plant    (except    1 
the  building  and  the  cln 

tlon).       Hcrlng    &    Full...    -,,,.1,11;    ..,1^1- 

neers,    170    Broadway,    New    Vork   City. 

Excavation,  Earth  and  Rock. 

Mids  are  asked  on  following  work  the 
notes      being     arranged      alphabetically      by 

La  Junta.  Colo.— Emlankment.— Until  Feb. 
?^.  ?',  ^  ^"80'■e,  Secretary  Otero  Irrigation 
District,  for  the  completion  of  a  reservoir 
embankment  at  Clear  Creek,  near  (Jranlte 
ChalTee  County.  Colo.  Specifications  etc 
at  office  of  Secretary.  I^  Junta.  Colo.,  and 
at  the  office  of  George  .-V.  Anderson,  Con- 
sulting Engineer,  No.  519  Equitable  Bldg 
Denver,   Colo. 

..^•;:'^'"Yo''  ""—Ditch  Work— Until  10  a.  m.. 
J'^^'^-  23.  by  J.  A.  Huber,  Clerk  of  Draln- 
"?*>.  .'^'''''^•-  '"''  flaming  out  open  ditches 
of  Union  Drainage  District  No.  1.  the  work 
including  29,920  lln.  ft.  of  main  ditch,  esti- 
mated to  require  the  excavation  of  10.860  cu 
yds.,  and  5.890  ft.  of  lateral  ditches,  esti- 
mated to  require  the  excavation  of  1.870  cu 
.vds.       J.    W.  Dappert,  Engineer.  Taylorvllle, 

Newcastle,  Md.— Drain— I'ntll  2  p.  m.. 
Feb.  6.  by  Mauck  Drainage  Commission,  for 
construction   of  the   Bowers'   Drain. 

Valparaiso,  I nd.— Ditch  Work.— Until  Feb. 
1.1,  by  C.  F.  Sllnehneld.  County  Surveyor,  for 
the  construction  of  the  Cain  Ditch.  The 
work  Includes  19.200  lln.  ft.  of  10.  12,  14 
15,  16  and  IS-in.  drain  tile  at  an  average 
depth  of  5  ft.  Ccrtllled  check  for  »200  re- 
quired  with   bid. 

Dakotah,  la — Ditch  Work— Until  Feb.  12. 
by  J.  G.  Devlne.  County  Auditor,  for  the 
construction  of  a  ditch  in  Drainage  Dis- 
trict No.  18.  approximating  431. nou  cu.  vds. 
of  excavation  and  48.000  ft.  of  8  to  2n-ln 
tile. 

Emmetsburg.  la — Ditch.— tTntll  1  p.  m.. 
Mar.  3.  by  S.  R.  Stednmn.  County  .\uditor. 
for  constructing  ditch  requiring  21.230  ft.  of 
open  work  and  20.000  ft.   of  tile. 

Elbow  Lake,  Minn.— Ditch  Work.— Until  2 
p.  m.,  Feb.  19.  by  O.  E.  Wold,  Countv  Audi- 
tor, for  the  construction  of  Coimtv  Ditch 
No.  9.  The  work  includes  .'.T.^.'.fi  .u.  vds. 
of  excavation  for  a  main  ditch  and  2!>."im) 
cu.  yds  for  four  branches.  O.  G.  .Molden, 
Engineer,    Fergus   Falls,    Minn. 

Fairmont,  Minn.— T~i|t.  I,  W.rli  Until  1  p. 
m..    .Mar.    3.    by    H.    l'  inlv   Au- 

illtiir.   for  consttnicli'  No.    11. 

consisting  of  I5U  mil  ii,  417.SS1 

cu.  yds.  of  earth  to  I..  i.ni.Nc.i  and  2i'4 
miles  of  tile,  running  from  .11.^  to  Ifi"^  ft. 
deep,  and  approximate  amount  of  tile  re- 
oulred  as  follows:  2..100  ft.  of  20-in..  .'..lOO 
ft.  of  18-ln..  7.100  ft.  of  Ifi-ln..  s.coo  ft. 
of  I5-ln.,  7.S00  ft.  of  14-ln..  19.Sno  ft.  of  12- 
in..  2S.900  ft.  of  10-ln..  .I.Sno  ft  ..f  9-ln  .  4>;, - 
93'i    ft.    of  8-ln..    2.600   ft.    of    T-ln  .    10.9i;i)    ft 

of  «-ln.       The  souri (   m.iln    ,lii.  !i    K  :il..iul 

one    mile    from    the    '  ind 

the  outlet   about    tw.  iite 

of    Ceylon.        The    a\'  llle 

must    be    hauled    from    il,.-    Jii'  <nd 

stations    is    al>out     4    nilh  ■•  1  ie«l 

cost   of  saiil   work  and    inat.^ri,.;  it. 

Red  Lake  FaMi,  Minn.— Dlt.h  Work  Un- 
til   I     p.     III.     Feb      n      l.v    .l.ilin     11      O'Hrlen. 

Countv      Auditor      -   ■  •'•   -      C4>unly 

Ditch   No.    4.   p  ■  •-    of  CK- 

ca^■atlon  and   e-  ■  "> 

Redwood  Falls,  M 
til  1  p.  m..  Feb.  11. 
tv    ,\udlt.T.     t"r    .    -I 

No.    2.       T'  II 

ditch.     rei|  11- 

tion    and    11  ft. 

of  6-ln.  tile,  11.1:3  fl.   -if  5-m.    U1-.  and  11.075 
ft.   of    10-ln.    tile. 


Materials,  Machines,  Supplies,  Etc. 

I:!--     are    a»kid     on     full.. wing     work,     tha 
being      arranced      alphat>«tlcaUy      by 

Washington,   D.   C.     Hl.vki.    V;ilv.-»,   Etc.— 
I  ntll    111  3ij   n.    111.    F.ti     ?■■.     i.v    ••n>.i     R     C 

l:.,i-,.>     ,:.  , 1 ''."  .7    ,\- 

I. in 

:  r- 

1- 

s. 

''( 

ii 

•  I- 


II' 

S.Hl.1 


•1. 


Washington,    D.    C— Rope.    Pumpn,    Jaoka. 

F    >"     !  '■■  "'^    a      111.     F.t,      II      l.v    .-.r-t. 

Isthml 

unl-  r    ' 

rii 

.M 

Ip 

J:i 

Ii.' 

lur 

Splki.s.      li.Ul.s.      s.  : 

ers.     steel     wire. 

gold    leaf,    arsena:  .   


ft. 

r 


waah- 
Slasa. 


Indianapolis,  Ind.— Asphalt —Until  10  a.  m. 

hell.     Ill,    i,v    Ronrd    Public    Work«.    for    fur- 


nl-i 
f. 


PI.. 


Baltimore,   Md — Electric  Light   Posts.   Etc. 

—Until  11  a  111  .  r.l.  I.-i.  l,v  Willmiu  .s  M.-,n. 
ninp.     1 :  1         ,• 

Druid     I  .; 

electrl.  _     .jj 

for  use  u.ul.  1  iwit.r  in  the  swtiiiiiiine' uuol 
at  Patterson    Park. 

Baltimore,    Md.— Tile— Until    F- '      •  ■        <- 
tension    of   date    from    Feb.    3).    1  ( 

Awards.     J.     Barrv     .Mahool      Pr.  r 

furnishing    buff    <■•  '   -    •  -     ■        -  ,     ,,,, 

and     block    for    [•:  i,,    for 

Park    System.       .\  brick 

or  asphalt  tile  aiel  ii.  ^  ...  ..|.ir.a;.nt  area 
will  be  purchased.  J.  Harry  Gross.  Park 
Engineer.    Druid    Hill    Park 

Ouluth,     Minn.  11 

4    p.    m.,    Feb.    4 
Board    of    Wat-r 

for  the  sea.son's  sui.ijly  uf  cuiporalloii  and 
curb    cocks. 

Ouluth,    Minn —I'll.,, ...1  _i„tii    I  1.,    ..     _ 
Feb.     11     (II. 
Manager.    B. 
mlssl<mers,   f.  ; , ,.,1..,,, 

South    St.    Paul,    Minn.— Electric    P»ump.— 
Until    3pm.    Feb     n     hv   .inn      T     o-ftrlen 

Se. 

In.: 

in-  J 

buii.iuii:    in    i<  •■    :  vt    w  ,,r.i 

Kansas    City.    Mo.— Water    Pipe.— Until    J 

p.      «'   ■      U.  t.        II,      l.v       Kii.       ,,;.!      \\.,i.r      C.m. 

mi-  -  •    - 

fill 

K.i- 

oil-. 

Sll 

pi, 
1^" 

Cla 

In 
16 

1;      ! 

lO-lli.     I 

8-ln.    CI 

8-ln.    CI..  ...    ,,,,,, 

Total.   a|i|>r»\ 

Pittsburg.     P  fi>    „      ,^ 


CONTRACTS  LET. 

The  followlnr  contracta  have  t>ccn  let  re- 
cently: 

San  Francisco.  Cal — .«t«wer.— Williams  A 
RelBer,  at  112.193.  for  conslrucllns  sewer  In 
Amnion   ,\ve 

San    Francisco.    Cal  — RiilMlnr   Work  — M<-. 


Jacksonville,    FI.1  .er      Con- 

■Inirllon    Co.    11    I:  York,    for 

general    conlmct    for    hhlsh  uclii.tf    reinforced 
concme  KnmKe.  nt  JackxMnvllle.  for  Frod  E. 
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(lilbert.  Building  will  be  five  stories  and 
basement.  102x102  ft.,  of  reinforced  concrete 
throughout.  Work  will  be  undertaken  short- 
ly. 

Pensacola.  Fla. — Sidewalks. — Whidden  & 
Kennedy.  Birniin^hain.  Ala.,  at  10  cts.  per 
si|.  ft.,  for  constructing  sidewalks  for  this 
<'ity. 

Americus,  Ga. — Post  Office. — George  Beck- 
ing Chattanooga.  Tenn.,  for  erecting  U.  S. 
post   office   building   here. 

Cedar  Rapids,  la. — Bridges,  Sewer. — E.  J. 
C.  Healer,  at  $1,150,  for  constructing  two 
concrete  bridges  in  Bever  Park.  Same  con- 
tractor w'as  awarded  contract  for  construct- 
ing sanitarv  sewers  in  Woodlawn  Park  addi- 
tion. 

Nampa,  Idaho — Bridge. — J.  H.  Forbes  & 
Co..  Caldwell.  Idaho,  for  constructing  bridge 
o\er   Indian   Creek. 

Alton.  III.  — Post  Office  Building.— C.  L. 
Gray  Construction  Co.,  St.  Louis,  Mo.,  for 
constructing  new  post  office  building  here. 

Cairo,  Ill.^Pipe  Sewers.— Garner  &  Hanes. 
at  $17,170,  for  constructing  vitrified  tile  pipe 
sewers  in  34th  St.  sewer  district. 

Champaign,  III.— Bridge.  —  Paris  Bridge 
Co..  at  $1.02!).  for  constructing  IS  ft.  x  14  ft. 
bridge   in    .Scott   Township   for   county. 

Fulton,  III.— Bridee  Work.— .A..  R.  Putnam, 
at  $1.SS2.  for  moving  two  bridges  in  the 
Central  Drainage  District. 

Jolret.  Ill, — Street  Ligliting.  —  Economv 
Li.ght  &  Power  Co.,  at  $7,i  per  light,  for 
street  ligliting. 

Indianapolis,  Ind,— Paving.  Etc. — .7.  \V.  Ab- 
bott, for  paving  on  Washington  St.  with 
brick:  A.  A.  Bowen.  for  paving  on  Liberty 
St.  with  brick;  Wm.  Holl.  for  cement  walks, 
curbing  and  grading  on  Fernway;  American 
Construction  Co..  for  brick  roadwav  and  curb 
on  Muskingum  St.:  J.  W.  Abbott,  for  brick 
roadway  and  curb  on  Missouri  St. 

Miami,  Ind.— Bridge.— Elkhart  Bridge  Co.. 
Elkhart,  Ind..  for  bridge  over  Deer  Creek, 
in  Miami.  Cass  County  line.  Miami  Countv. 
Miami  County  Commissioners  have  awarded 
contracts  for  gravel  roads  as  follows:  M  A. 
Boswell.  road  No.  1,  Erie  Township,  for  $7.- 
469:  E.  S.  Felp,  of  Clinton  Countv.  road  No. 
3.  Peru  Township,  for  $7,000.  and  also  ro.-d 
No.  3,  Clav  Township,  for  $7.S00:  W  R 
Hines.  of  Clinton  Countv.  read  No.  5,  Clay 
Township,  for  $6,100,  and  No.  10.  Clav 
Township,  for  $3.1,50.  Grant  Countv— Grant 
County  Commissioners  have  awarded  con- 
tracts for  gravel  roads  as  follows:  L.  P. 
Simons  gravel  road,  to  P.  W.  Clannin,  for 
$2,750:  S.  B.  Leach  road,  to  P.  W.  Clannin. 
for  $1,653:  D.  L.  Ricliards  road,  to  P  W 
Clannin,  for  $2,760:  Milton  A.  Rich  road,  to 
.Tohn  W.  Slater,  for  $7,100:  M.  S.  Dunn  road, 
to  .John  W.  Slater,  for  $1,925:  Daniel  Siers 
road,  to  Dennis  Haisley.  for  $3.9.S9:  Charles 
W'inegardner  road,  to  E.  W'.  Malott.  for  $5.- 
651.17.  Under  the  three-mile  law.  contracts 
were  let  as  follows  :  Sycamore  St..  Fair- 
mount,  to  W'm.  Tates.  Berea  stone,  at  $4.42 
per  lineal  foot:  Mill  St..  Fairmont.  F.  M. 
Benner  &  Co.,  Berea  stone,  $4.23  per  lineal 
foot.  The  two  improvements  will  cost  about 
$27,000. 

Michigan     City,     Ind Building.     —    Henrv 

Koeller.  Micliigan  City,  at  $36,400,  for  erect- 
in,g   Y.    M.    C.    .\.    building  here. 

Bowling  Green,  Ky. — Bridge.  —  Argonia 
Bridge  Co..  Lebanon.  O..  at  about  $4,000.  for 
constructing  new  bridge  at  Mottlev's  Mill  for 
Warren  Fiscal  Court. 

Abbeville,  La. — Church.  —  Caldwell  Bros., 
for  new  brick  and  stone  church  building  to 
cost  $50,000. 

Jennings.  La.— School. — Innis  &  Graham. 
Fort  Worth.  Tex.,  for  erecting  $45,000  public 
school  building  here. 

Boston,  Mass. — Building  Work. — George  A. 
Fuller  Co.,  Board  of  Trade  Bldg.,  at  $679,000, 
for  construct in,g  addition  to  Suffolk  County 
court  house. 

Chisholm,   Minn.— Town  Hall.— G.   E.   Kretz 

Co.,  Duluth.  .Minn.,  for  erecting  new  $40,000 
city  hall  here. 

Hattiesburg,  Miss, — Depot. — Jefferson  Con- 
struction Co..  for  constructing  new  passenger 
station   here   for  tlie  Northeastern  R.  R. 

Winnfield,  La.— School  House.— John  Ar- 
thur. Shreveport.  La.,  for  erecting  new  par- 
ish school  house. 

Joplin,  Mo. — Viaduct. — Henrv  L.  Dohertv  & 
Co..  at  about  $40,000.  for  constructing  3rd 
St.  viaduct. 

Kansas  City,  Mo. — Comfort  Stations. — Carl 
A.  Nelson,  at  $6,704,  for  general  contract  for 
two  comfort  stations  for  the  citv:  and  The 
C-ilter-McDonnell  Co..  at  $4,401,'  for  the 
plumbing. 

Columbiana,  O.— School  Building. — Cleve- 
land Fire  Proof  Construction  Co..  Cleveland. 
O..  for  general  contract  for  construction  of 
new  brick  school  building  here.  Searles. 
Hirsoh   &  Gavins.   Architects,  Cleveland.  O. 


Columbus,  O. — Viaduct  Superstructure. — 
Mci'lintock-Marshall  Construction  Co.,  Pitts- 
Inug.  Pa.,  at  $1S.560,  for  superstructure  of 
.Mound    St.   viaduct. 

Toledo,  O, — Moving  Bridge. — R.  W.  John- 
son, at  $1,987,  for  moving  old  steel  bridge  at 
Detroit  Ave. 

Youngstown,  O. — Building  Work. — Nieder- 
mier  &  Resile.  Youngstown.  for  the  masonry 
work,  including  granite  and  terra  eotta  work, 
and  fireprooting.  etc.,  for  new  Wiclt  Trust 
Co.  building  to  be  erected  at  Federal  and 
Phelps  Sts. 

Zanesville,  O, — Sewers. — J.  E.  Brown,  at 
$l,SiS4.  for  constructing  tliree  sewers  in 
Brigliton. 

Hobart,  Okla.— Sewers. — T.  C.  Brooks  & 
Son.  Detroit.  Mich.,  for  construction  of  $25,- 
000  worth  nf  additional  sewers  in  the  Hill 
addition. 

Danville,  Pa. — Sewage  Disposal  Plant. — Pitt 
Construction  Co..  Pittsburg.  Pa.,  at  $52,547. 
for  constructing  sewage  disposal  plant  at 
State  Hospital  for  the  Insane. 

Plymouth,  Pa.  — Roadwork. — Horn  &  Neff, 
.Slatington.  Pa.,  at  $70,786  for  constructing 
25,534  ft.  of  Birdsbow  trap  macadam  roads 
through  Plymouth  Township  to  the  Hunlock 
Township  Line. 

Bamberg,  S.  C— City  Hall.— B.  R.  Bandy 
&  Sen.  Ynrkville.  S.  C,  for  erecting  3-story 
cit>'  hall  liuilding  here. 

Murfreesboro,  Tenn, — Post  Office. — W.  F. 
Henr>-.  for  i-recting  new  post  office  building 
at   this  city. 

Knoxville,  Tenn,  —  Bridges.  —  Converse 
Brid.ge  Co..  Cliattanoo.ga.  Tenn.,  for  two  steel 
bridges  for  count.v — one  at  Minot  and  the 
other  at  Wellsville. 

Dallas,  Tex. —  Bridge. — A.  S.  Adams,  for 
constructing  concrete  bridge  over  Turtle 
Creek  at  Hall  St.   for  city. 

Seguin.  Tex, — Church. — .lohn  Goodrum,  for 
erecting  new  Methodist  cliurch. 

Norfolk,  Va, — Rollin,g  Stock. — The  receivers 
for  the  Seaboard  Air  Line  have  awarded 
contracts  for  rolling  stock  aggregating  $900.- 
000.  The  awards  were  as  follows;  South  Bal- 
timore Steel  Car  and  Foundrj'  Co.,  500  thir- 
t.\'-ton  steel  under  frame  box  cars;  Barney  & 
.Smith,  Dayton,  O..  200  fifty-ton  steel  phos- 
piiate  cars;  Rogers  Ballast  Car  Co.,  Chi- 
cago. 50  fifty-ton  ballast  cars;  Barney  & 
Smith.  Da>"ton.  O.,  15  passenger  cars. 

Hayward,  Wis, — Bridge. — Minneapolis  Steel 
iS;  _.Maeliiner>'  Co..  Minneapolis.  Minn.,  at 
$2,, 70.  for  steel  bridge  with  cement  floor  near 
this  place. 

Tacoma.  Wash. — Reservoir. — D.  A.  Wil- 
liams, for  constructing  7.000.000-gallon  reser- 
voir for  city. 

Wausau,  Wis. — Heating  Plant.— The  An- 
drews Heating  Co..  Aiinneapolis.  Minn.,  to 
construct  the  central  heating  plant  for  tlie 
county  asylum  and  almshouse. 

Charleston,  W.  Va. — Sewers. — J.  M. 
.^c  .Sons,  for  constructing  sewers  in 
Charleston. 

Parkersburg.  W.  Va. — Sewer. — R.  T 
tin.  at  $.:'.l'i:i.  foi-  constructing  sewers 
7tli  and   Sth   Wards. 

Winnipeg,     Man. — Power     House 
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Gunn  &  -Sons,  Winnipeg,  at  $779,000,  for  con- 
struction, except  macliiner.v  equipment,  of 
power  house  for  this  city. 

PROJECTED  WORK. 
Bridges. 

Items  .\rranged  .Alphabetically  by  States. 

Phoenix,  Ariz.— The  Phoenix  &  South  Side 
Bridge  Co..  lias  had  plans  prepared  for  a 
bridge  to  be  built  over  Salt  River  south  of 
Phoenix.  The  estimated  cost  is  $52,000  and 
the  plans  call  for  a  steel  structure  of  11 
spans  of  a  total  length  of  1.155  feet.  Ed 
W^ells.  Prescott.  Ariz.,  is  interested.  J.  C. 
McClure,   Tucson,  Ariz.,  is  engineer, 

Aroville,  Cal, — Butte  county  sustained  a 
loss  of  about  $25,000  in  damages  to  bridges 
by  recent  floods.  The  chief  loss  is  in  a 
bridge  at  Enterprise,  which  it  is  estimated 
will  take  $10,000  to  replace. 

Cambridge,  III, — Supervisors  of  Henr>' 
County  have  ordered  an  appropriation  to 
cover  half  the  expense  of  a  bridge  over  Rock 
River.  The  remaining  half  will  be  borne  by 
Rock  Island  county. 

Havana,  III. — The  county  commissioners  of 
Mason  and  Cass  counties  have  re.iected  all 
bids  received  for  constructing  a  liridge  over 
the  Sangamon  River  near  Chandlerville,  The 
lowest  bid  was  $4,150. 

Portland,  Ind, — The  Lake  Erie  &  Western 
Ry.  Co.,  J.  P.  Penwell.  Supervisor  of  Bridges 
and  Buildings,  Tipton,  Ind.,  is  to  erect  a 
new  iron  bridge  in  the  spring  at  this  city. 


Warsaw,  Ind. — County  commissioners  will' 
ask   for  $10,000  for  new  bridges. 

South  Bend,  Ind. — County  commissioners- 
contemplate  consiructing  a  concrete  bridge 
o\'er  the  ri\'er  at  Logan  St.,  at  Mishawaka,. 
Ind. 

High  Bridge,  Ky. — The  Cincinnati  South- 
ern K.  R.  tQueen  &  Crescent  System,  W.  E. 
\A'arrington.  Chief  Engineer.  Cincinnati.  O.) 
is  preparing  to  replace  the  present  structure 
o\-er  the  Kentucky  River  at  High  Bridge- 
with  a  new  structure,  which  will  cost  about 
$1,250,000.  The  old  bridge  was  1,23S  ft.  long. 
Frankfort,  Ky. — Bill  is  to  come  before  tlie- 
State  Legislature  for  the  construction  of  a 
bridge  over  the  Keiituclvy  River  at  the  foot 
of  Capital  Ave.  The  bridge  will  cost  about 
$60,000  and  will  probably  be  built  by  the 
state. 

Louisville,  Ky, — Special  Road  Commission, 
of  wliicli  R  C.  Ballard  Thurston  is  chair- 
man, lias  reported  to  the  count.v  fiscal  court 
that  nine  county  bridges  are  in  very  bad 
condition.  Concrete  structures  are  suggestecT- 
to   lake   their  place. 

Saginaw,  Mich, — The  Pere  Marquette  R. 
R.,  A.  L.  Grandy,  Division  Engineer,  Sagi- 
naw. ;\lirli..  is  to  widen  its  draw  span  on 
its  iiiaine  line  brid.ge  over  tlie  Saginaw  River. 
Fergus  Falls,  Minn, — The  City  Council  is 
considering  constructing  a  new  bridge  on 
Concord  St.  The  bridge  will  probably  be- 
constructed  of  steel  and  will  cost  about; 
$4,000. 

St.  Paul.  Minn. — Ordinance  has  lieen  be- 
fore the  Cit.\'  Council  directing  the  City  En- 
gineer to  determine  the  cost  of  constructing' 
a  viaduct  over  the  St.  Paul  Shor.t  Line  tracks- 
on  W.    7th  St. 

Kansas  City.  Mo. — Resolution  has  been: 
introduced  into  the  Council  by  .\lderman' 
W.  P.  Woolf.  directing  the  City  Engineer 
to  make  an  estimate  of  the  cost  of  a  via- 
duct from  17th  and  Holly  Sts.  to  17th  and: 
Liberty  Sts.  across  the  railroad  yards  In 
the    West    Bottoms. 

St.  Louis,  Mo. — Boiler  &  Hodge.  1  Nassaw 
St..  New  York,  N.  Y.,  have  been  selected 
as  engineers  for  the  construction  of  the- 
municipal  bridge  for  this  city.  They  will 
at  once  prepare  plan  for  the  bridge,  whicli 
is  to  cost  about  $3,000,000.  The  bridge  will 
be  built  under  the  direction  of  the  Board 
of  Public  Improvements,  of  which  .\.  J. 
O'Reily    is    President. 

Artesia.  N.  M. — -A  new  bridge  is  to  be 
built  o\'er  the  Pecos,  near  this  place.  J. 
W.  Turknepp  is  in  charge  of  the  construc- 
tion and  W.  Jl.  Strong,  F.l  Paso,  Tex.,  is 
Engineer. 

Buffalo,  N.  Y,— The  Fort  Erie  &  Buffalo 
Bridge  Co.  will  apply  at  the  coming  ses- 
sion of  the  Canadian  Parliament  for  an  act 
of  incorporation  with  power  to  construct 
and  operate  a  higli  bridge  from  Fort  Erie. 
Ont..  to  the  foot  of  Ferry  St.  in  Buffalo. 
The  Mackenzie  &  Mann  Co.,  Toronto,  Ont., 
is   reported    to   be   interested. 

Portland,  Ore, — City  may  vote  at  the  gen- 
eral election  on  the  construction  of  a  $1,- 
500,000  suspension  bridge  over  the  Willain- 
ette  River  to  land  on  the  east  side  at  E, 
9th  and  Caruthers  Sts.  Tlie  total  length 
will    be    4,800    ft. 

Camden,  S.  C. — County  Cominissioners  are 
considering  constructing  a  bridge  across 
Wateree    River. 

Tacoma,  Wash.— Frank  L.  Davis.  City 
Engineer,  has  made  plans  and  estimates  tor 
tlie  construction  of  5  concrete  bridges  to 
be  built  this  summer,  provided  a  $300,000 
bond    issue    is    voted. 

Milwaukee.  Wis. — Resolution  is  before  the 
Council  directing  the  building  of  a  $6,000 
concrete  bridge  over  the  Kinnickinnic  Riv- 
er at  the  foot  of  6th  Ave.  Charles  J.. 
Poetsch    is    City    Engineer. 

Railroads. 

Items  Arranged  Alphabetically  by  States. 

Pyriton.  Ala. — The  Atlanta.  Birmingham  & 
.■Atlantic  R.  R..  W.  A.  Kennon.  Division  En- 
gineer. Fitzgerald.  Ga..  has  lieen  having  sur- 
veys made  for  a  line  from  Pyriton,  .Ala.,  di- 
rect through  to  Atlanta.  It  is  said  that  the 
company  is  raising  funds  to  be.gin  construc- 
tion work  this  year.  The  above  company 
will  also  shortly  commence  work  on  comple- 
tion of  the  tracks  from  Bessemer  to  Mulga, 
Grading  is  now  under  way. 

Little  Rock,  Ark,— The  Zinc  Belt  R.  R.  Co. 
has  filed  its  articles  of  incorporation  here- 
and  proposes  to  build  a  line  through  the 
heart  of  the  rich  zinc  belt  in  the  northern 
tier  of  counties  of  Arkansas  and  eventually 
extending  from  Little  Rock  to  St.   Louis,  Mo. 

Oakland.  Cal.— The  San  Francisco.  Oak- 
land &  San  .lose  Consolidated  Ry..  W.  F. 
Kellv.  General  Manager.  Oakland.  Cal..  has 
applied    to    the    city    council    for    franchise   to- 
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vi.iiiuic  ItH  Oukliiml  iitiil  HiTkfli'v  llm-ii  by 
iiitaiiH  (if  ii  inu'k  lulU  iwnillcl  «■  L<iw<'il  SI., 
.iv.i    prlMii.-   ilKlK-uf-wity. 

Placervllle.  Colo.— J.  Carmuii  l^iyinn.  IVii 
.Mi.liuM.  hi  .  will)  lius  lii-i'ii  |>r«iiioiliii:  tin- 
l>n>J.>l  fur  liiillillnt!  a  niUriuni  ihrmiKh  I'lini- 
•liix   Vull«>.   Ill  .MontniHt'  <'iiunty.   H  siui.mI  i«> 

luiv.-    Si-.lll.ll     Ji.lMlu.lHHI     Willi     whltll     111     ll.-Blll 

work  lit  oiui-.  As  |ir<i|]iiHi-<l  ih,-  wurk  will  bi- 
from  I'liuirvllli-  on  tli.-  Oiiniy  illvlslon  of  tli.- 
tiiiivir  &  Klo  C.ramlf  lo  Xalurlta  on  ilu-  S«i> 
MIkiuI   rlM-r,  a  (IlKlanee  of  3'>  iiilk'S. 

Greeley.  Colo.— Tin-  Vnlon  Parlllc.  Ru88<-I  I.. 
lliiiillty.  Clil.f  KiiKliifiT.  Oiiialia.  Ni-b..  Is 
ri'|>orlctl  to  III-  iilaniiliiK  to  liiivi-  work  Htartvd 
«-urlv  this  iiioiiih  oil  till'  KnulliiK  of  an  fX- 
t'lisloii  o.'.  iiilhs  casiwaiil  fioin  (Jri-i-li'V  to  a 
lioliii    >    iiilhs  last   of    I'liTce. 

Abbeville,  Ga.— Thr  Ahln-vlllu  &  Nnrth- 
WfStcrn  K.  H.  L'o.  has  l/ft-ti  Inrorpoiali'il  with 
a  caiiltal  st.i-k  of  tliMl.iiiiu  ami  principal  of- 
flies  111  .Vhlitvllle.  The  tonipaiiv  propost-.i  to 
biilUI  a  lln<-  conniollnK  AliluTllli-.  In  Wilcox 
roiinty.  with  Fort  Vall<-.\ .  In  Houston  rountv. 
Thi-  l.nsth  of  the  proposal  Hue  Is  .'iS  nilli-s 
with  the  braneh  runiilm;  to  .Monteziinia.  (Ja., 
IT  iiilles  lonK.  The  liKiirporators  are:  J.  L. 
Uankston.  W.  A.  Cherry.  T.  R.  Move.  K.  M. 
Cariies.  Hal  Uiwsun,  J.  B.  Girardeau,  C.  F. 
Clmpnain  and  W.  L.  HaiTell.  all  of  Abbe- 
ville, tia. 

Boise.  Idaho — The  promoters  of  the  pro- 
posed Holse-Rutte  R.  R.  have  succeeded  In 
InteresiniK  outside  capitalists  for  the  con- 
struction of  the  proposed  road.  .Surveys 
have  been  made  and  It  Is  siiid  that  the  capi- 
tal for  construction  Is  In  a  likely  wav  to  he 
secured.  .ludKe  J.  .\.  Richards  and  W.  D. 
Booth   of   Boise   are   interested. 

St.  Paul,  Minn.— The  .Minneapolis.  St.  Paul 
*  Sault  Ste  .Marie  R.  R..  Tims.  Green.  .Min- 
neapolis. Minn..  Chief  Kn^lneer.  will.  It  Is 
reported,  build  a  new  line  runninc  southwest 
from  Thief  River  Falls  250  miles  to  a  con- 
nection with  the  Krooton  &  Duluth  line  now 
under  construction.  It  Is  expected  that  the 
new  line  will  be  built  either  this  year  or  the 
next. 

Cameron,  Mo. — The  Missouri  River  &  Cam- 
■c-riin  R.  K.  Co.  has  been  chartered  and  pro- 
lioses  to  build  a  line  .sr,  miles  lonK  from  a 
lioint  icn  till-  .Missouri  river,  in  Platte  coun- 
ty. throuKh  Smithsville,  in  Clay  county,  to 
"Lathiope.  in  Clinton  county.  The  capital 
stock  is  $3.i0.000.  The  incorporators  are: 
William  W.  Lewis.  Charles  O.  French.  Wil- 
liam A.  Medill.  Fred  .M.  Titus  and  C.  S. 
Grant  Peabody.  all  of  Kansas  City.  Mo.  The 
same  parlies  have  taken  out  a  charter  for 
the  Jai-kson  Count.v  .lunclinn  R.  R.  Co.. 
which  proposes  to  build  a  line  In  Jackson 
county.  The  capital  stock  of  this  latter  com- 
pany   is    J2M.CMllt. 

Stockvllle,  Neb. — A  new  farmers'  railroad 
Is  projected  from  this  place  to  a  connection 
with  the  Hutlinpton.  wlilch  runs  a  few  miles 
north.  The  road  is  expected  to  cost  $100.- 
flOO.  John  Sanders,  of  Stockvllle.  Neb.,  is 
Interested.  The  road  will  be  about  "  miles 
lonE. 

Tucumcari,  N.  M. — Advices  from  this  place 
Titate  that  work  will  be  resumed  shortl.\'  on 
tin*  cnnstruction  of  the  Choctaw  Ry.  branch 
Troiii  Amarlllo.  Tex  .  to  Tucumcari.  N.  M. 
The  work  was  started  some  years  apo  and 
7.*>  per  cent  of  the  Kradiny  hnislied.  .1.  M. 
Stark.  ICnKineer  in  t'hari;e  of  < ".instruction, 
has  opened  ofllces  at  Tucumcari.  N.  .M..  and 
it  is  assumed  from  this  that  work  Is  to  be 
at  onci.  resumed. 

Asheville,  N.  C— The  Carolina  &  Kasl  Ten- 
nessie  R.  R.  Co.  has  applied  for  a  charter 
*ind  proposes  to  construct  a  road  between 
this  city  and  Huntdale.  The  road  if  built 
will  pjiss  throui;li  Weaverville.  Buncombe 
county.  Burnsvllle.  Yaneey  county.  and 
thence  to  Huntdale.  in  .Mitcliell  coiintv.  .lohn 
II  Cart.r  and  R.  S.  Holland  of  Ashvllle.  N. 
•C..   are    interested. 

Eastland.   Tex The   Kastland.    RislnR  Star 

fie  Soutliern  Ry.  Co.  has  been  eharti*red  and 
jirriposes  to  construct  a  railroad  from  lOast- 
iand.  In  Kastland  count.v.  south,  crossing  the 
line  of  the  Texas  Centnil  R.  R..  and  thence 
In  a  southerly  direction  to  Rising  .star.  In 
lOastland  county,  a  total  distance  of  27 
miles.  The  K*-neral  olllces  are  In  Kastland 
and  the  capital  sloik  Is  tliMi.iiiiii  TIk-  In- 
<orporators  are:  W.  S.  Miehab-.  J.  I..  .Vlford. 
Jamis  .Smitli.  V  R.  Coon.  Fred  .M.  Helano.  J. 
H.  Carter  and  R.  S  Holland  of  Asheville,  N. 
J.    .Vlfor.l   and  T.   A.    Williams. 

Orange,  Tex.  — The  (iraiiKe  *  Nortliwi-stern 
R.  R.  is  planning  to  build  an  extension  at  an 
■early  date  to  Marshall.  Tex.  I..  .Miller, 
OraiiKe.  Tex..  Is  President. 

Altus,  Tex.— The  Alius.   Roswell  &   Kl   Paso 

Ry.    Co.    Is    stated    to    have    I n    completely 

tlnanci'd  and  is  to  have  construction  work 
on  the  line  started  at  several  places  at  once. 
Part  of  the  road  is  already  under  coiistrui-- 
lion  and  3.1  miles  of  tlie  iiroposed  route  have 
been  Kraded  in  Oklalioma  and  22  miles  near 
I.,uboek.   Tex.     The  road   Is   to  connect   Alius. 


itkluboiiui.  with  HoHWell.  N,  M  .  2S«  mlb-H 
distant  Kdward  Kerm.-d.-v  N  I'n-Ht.l.  nt  and 
KdKar  Chapriiari  of  '" 

Jacksboro,  Tex. 
ern     Ry     I'o      has    i 

state   of    .N'lW    Jers. A    ullli    u.. 

112. .Mmi. to    bull, I    a    line    li 

some  point  in  .New  ,Me\|co.      I 

acllv nstriictlon    work    will    i,, 

Jacksboro  shortly.     The  projiit   i- 

the   llrm  of  MerKarKel   M   Co,   Nca  ...     .. 

V  .  and  J     J.   Jermyn,   of  Scninlon,   Hi. 

Plalnvlew,  Tex,  -The  cltlxeiis'  .oinniltter 
of  Plaiiivlew.  Tex.,  have  accepted  the  offer 
of  the  .South  Western  Consinicilon  i"o  to 
build  two  lines,  one  soiilhweHt  and  the  other 
southeast,  from  Plalnvlew.  .\  Imhius  of  HU.- 
000  anil  rlKlit-iif-way  Is  to  be  utaiited 

Meherrln,  Va,  The  Kiiper-Jackson  Lumber 
Co.  of  Norfolk,  Va.,  which  is  openitlm;  ex- 
tensive lumber  mills  near  this  place.  Is 
bulldUiK  a  railroad  from  Nutbush.  on  the 
VIrKiiila  R.  R..  west  to  Its  holdhiKS.  The 
line  will  be  ti  miles  l.mK  and  will  be  built 
Mime  time  this  summi-r. 

Appleton,  Wis.— The  Wisconsin  &  North- 
ern Ry..  accordinK  to  advices  from  this  place, 
will  have  KradhiK  started  this  .sprlne  on 
riKht-of-way  between  ,\ppleton  and  Sha- 
wano. W.  ('ampler.  Oshkosli.  Wis..  Is  Chief 
KnKlneer. 

Gilmanton,  Wis.— The  construction  of  a 
rallrittid  from  .Mondovel  to  Gilmanton  Is  pro- 
posed and  over  $."iii.onii  has  been  raised  for 
the  work.  The  rojid  will  be  about  S  miles 
lonK.  N.  C.  Foster.  F'airchild.  Wis.  Is  re- 
ported  to  be  Interested. 

Electric  Railways. 

Items  .Arranyed  .Mpliabetlcally  by  Slates. 

Huntsville,  Ala.— The  Hun'tsvllle.  Chatta- 
nooKa  &  BIrndnBham  Interurlian  Ry,  Co.  Is 
stated  to  he  considerlnc  extending  its  line  to 
the    top  of   Monte  Sano. 

Pocahontas,  Ark.— The  cnnstruction  of  an 
electric  railway  between  this  place  and  May- 
nard  Is  proposed.  Citizens  of  tliat  place  have 
subscribed  js.2".ii  for  tlie  enterprise.  It  Is 
proposed   to  extend   the  line  on  to  Itoniphan. 

Lewiston,  Idaho — M.  A.  Means  of  this  place 
has  applied  for  a  franchise  for  a  street  rail- 
way here.  The  franchise  provides  for  the 
completion  of  over  one  mile  of  track  within 
the  next  S  months  and  the  compl.tlon  of  3U 
miles  within  2V4  years.  .Mr.  .Means  is  orKan- 
IzinK  a  company  with  lonil  capital  for  the 
construction  and  operation  of  the  street 
railway. 

Wallace,  Idaho — Ordinance  has  been  before 
the  council  to  pninl  W.  J.  Hall  and  a.sso- 
dates  a  franchise  over  tlie  streets  of  this 
city  for  the  projected  Spokane-Coeur  d'Alene 
electric  line. 

Streator,  III, — The  Illinois  LiKht  &  Traction 
Co.  is  planninK  to  extend  its  South  Illinois 
St.  line  for  a  dlstam-e  of  one  mile.  The  ma- 
terial for  the  m*w  extension  has  already  been 
ordered  anil  work  will  be  started  In  the  early 
spriPK. 

Cariyle,  111.— Directors  of  the  Carlyle  &  St. 
Louis  Klectric  Ry.  Co.  have  decided  to  at 
once  obtain  the  rlRht-of-way  for  an  electric 
line  extendinK  from  this  city  to  L<-banon  and 
throuKh  Beckemeyer.  Brecse.  .-Vvlstoii.  Tren- 
ton and  Summerlleld.  Money  for  the  prelim- 
inary surveys  and  work  was  subscribed 
about  two  years  aKO  and  surveys  made  and 
fianchlses  obtained. 

Crown  Point,  Ind.  — Loral  parties  are  con- 
slderliii;  oruanizlnK  a  stock  company  to  build 
an  interurban  line  between  I'rown  Point  and 
Gary.   Ind. 

Kokomo,  Ind. — Steps  are  beInK  taken  to  se- 
cure capital  for  the  construction  of  thi'  Ko- 
komo. Frankfort  &  Tern-  Hauie  Tniciloii 
line.  As  proposed  the  road  will  be  built  tirst 
between  Kokomo  and  Frankfort.  Jiidee 
.lames  Kemp  of  Frankfort.  Ind..  Is  Inti-restetl. 

Iowa  City,  la.— Henry  Nckiis  of  Iowa  City 
and  I.  N.  Hanlel  <>f  Tipton.  la.,  are  promot- 
inc  a  project  for  a  new  street  railway  for 
Iowa   City. 

Grundy  Center,   la. — This  town  i  j 

.'■    per   cent    tax    and    franchise    In 
Iowa    R.    I(.    Co..    which   proposes   i 
electric  line  from  Wjiterloo  to  Perr.\ .  iliiouKb 
this  place. 

Dubuque,    la The    I'nlon     Kb-ctrlc    Co.    Is 

planninK  to  make  several  extensions  this  (nil. 

lola,   Kan W.    UimliiK.  TonKiiiioxfe.    Kiin  . 

president  of  the  Kansas  I'lly  &  Kansas 
Southwestern  R.  R.  Co..  Iiiis  tiled  a  mortKUKi' 
for  $12,000,000  to  provide  riinds  for  c.uistruc- 
tlon  of  an  electric  nillway  between  Kan.sjis 
CItv  and  Topekii  via  TonKaiioxle  and  Ijiw- 
rence  and  the  biilldliiK  of  a  line  from  Ijiw  • 
rence  to  Indepeiidenc,'.  Kan  SurMvs  for  the 
line  between  Kansas  and  Topekii  and  ti*.- 
tween  Ottawa  and  liiilep.ndeni  .■  are  stated 
to    have    been    com|ilete<l.     Surveys    ari-    now 


under    way    lietween    iiltnwa  and    Ijiwrence 

and     I'onHIrucllun     work     will  start     between 

-    City    and    T"^  1    aci-ordlm; 

'  itellient    of    ill 


ill.      ■    ".ii     I.,   11      111.      ,11.. I     11. .■     iiii-itiiit;     .-">  iiH-IH. 

Fonton,  Mich.— Chester  KIIm  of  Flint. 
Sllch  ,  treasurer  of  the  Fenton  LlichI  & 
Power  Co..  lias  secured  rlKhu-of-way  for  un 
electric  rund  from  Kenton   to  Flint  via   LonK 

Ulke. 

Pass    Christian,      Miss.  — Fr.d      MeCutchon, 

Chief    KOKlneer   of    tile    Culflxirl    /it    .MlHslsslppI 

Coast  Tract'  ■  '•  '  ■:  '•■  ••.  Mliis..  him 
started  sur'.  ■M»<.d  electric 

railroad  to  ' 

Missoula,  Mont.  W,.ik  i-  !■.  Im-  started 
shortly  here.  It  Is  said,  on  new  street  car 
line  for  tills  city  J.  R.  Wharton,  Butle, 
.Moni  .    is   Interested. 

St.  Louis,  Mo.— City  coum-ll  Iuih  (lussed  bill 
KrantinK  a  franchls<-  to  the  HIIIkI""'  ki"."i«- 
wlck  &  Northern  Klectric   R.  R  -tg 

It   to  come  Into  St.    lyiUls  with  a  Ic 

line    from    the    south.     The    new to 

terminate  near  Broadway  and  PoepinK  St». 
and  will  connect  Broadway  and  Bellefontnlne 
lines. 

St.  Louis,  Mo.— The  St.  Louis.  Creve  Cocur 
&  Western  Ry.  Co.  of  Clayton,  Mo.,  has  been 
granted  a  franchise  for  an  electric  railway 
from  the  city  limits  at  Ktiel  Ave.  to  Creve 
Coeur  I.jike.  Till'  road  Is  to  have  double 
track  and  work  will  be  protkubly  started 
within  two  months.  Richard  .Stevens,  Clay- 
ton,   Mo.,    is   Interested. 

Lincoln,  Neb.— The  Onuiha.  Lincoln  & 
Beatrice  Ry.  Co..  K  C  Hurd.  ijeneral  .Man- 
ager. Lincoln.  Nell  .  will  build  a  3-mlle  ex- 
tension to  Its  Bethany  line  in  the  early 
spring.  A  number  of  other  Improvements 
are  also  contemplated. 

Omaha,  Neb.— The  Onuha  &  Council  BlufTs 
St.  Ry.  Co..  H.  B.  Noyes.  Chief  Kniclni-er. 
Omaha.  Neb.,  cfintemplales  a  numl>er  of  Im- 
provements for  its  line  tills  sprlnc  Kxten- 
slons  to  KImwood  Park  and  to  tinhiird  Hill 
are    proposed. 

Elizabeth.  N.  J.— The  Traction  Develop- 
ment Co.  has  b«?en  Incorin'ral-il  with  a  cap- 
ital stoik  of  $11111.111111  ■  of  se- 
curing franchises,  ri;:  engi- 
neering plans  for  tl.  Amboy 
Traction  Co..  which  ;  trolley 
system  to  operate  i  li  and 
Perth  Amboy.  J.  A.  .\i  vay.  N. 
J.,  has  charge  of  the  ri^bt£,-of > w;i>  and  en- 
;;lneerlng  plans  for  the  company. 

Palnesvllle,    O.      >•      ........    i  ..    i n 

formed  here  to  >  m 

electric   line  to    I  .;li 

LeRoy.  Wlndstir  .m,,  .^...i...  i.o.  m  •■'.  -  .v.i.v 
Is  to  be  secured,  t  >.  A  Bjirtleit.  LeKoy.  IL. 
and  J.   II.   Murray  of  I*alnesvlile.   O.   are  In- 

terestell 

Oayton.  O.— The  l>aylon  &  Tro>-  Klectric 
Rv  Co  .  J.  L>.  Racer.  Roadmaster  Tlpi"  .inoe 
city.    Ohio.    Is    to   build    !«■  'id 

track  this  spring      The  con.  .v 

one-half    mile     of     truck      i  v 

crossing  at  the  gntde  with  tin  ISIj;  Four 
R    R 

Ourant,    Okia       i       s      I'..vi.r.      l>,MU\ille. 
Ky..  Is  proii 
tlon    of    an  'a 

south    to    Ri.i     ; es 

and  back  to  I  lurunl. 

Eugene.     Ore.     Preflmlnarv  sxirvevs     have 

1..  ""i- 

n.  -1. 

1.-.  .1 


,  I. 


son  ,i!    Kuki  111 .   lire. 

Grove   City.    Pa.  — Final   Nur\'<>VM  linve  lieen 

made    f  ■    •'       '      ' '      '  •■■"        '••••- 

trie    lb  !••) 

Cllv. 

Clur.'.    V'...- Ki..ii     I...    ..".1    !-......> f 

.Mercer,    l-ii 

Chjtt;inooga.    Tenn.  — Sam.    W     niiln.     has 
!■•  ■  .1    11     franchise    to    ■  in 

i|.  wax'     for    fri'lght    iii  -r 

s.  I   the   i-or|>onitlon   at    i  to 

Fort    Oiib  lliortie.      He    luis  also   ai>ki  d    fran- 
chise for  lines  In  the  city. 

Wichita    Falls,    Tex.  ■    -illway    fran- 

chise  here  has  been   f  I     .\     Ki'mp 

and   Frank   Kell,  of  W:  B-md  has 

been    eXecUll^l    to    have     IM..      iiili.-s    of    line    In 

operation   within  six    months      Tin-   line  Is   to 

lie    built    out    to    Ulke    Wichita.    Il\  e    llUleS    frOIII 

the   town. 
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Sewers. 

Items  Arranged  Alphabetically  by  States. 

Little  Rock,  Ark. — A  new  sewer  district 
is  being  formed   in   the  1st  Ward. 

Imperial,  Cal. — A  bond  election  will  be 
held  at  an  early  date  to  vote  on  installing 
a   sewer    system   to    cost    $40,000. 

East  San  Jose  (P.  O.  San  Jose),  Cal. 
— The  Town  Engineer  will  shortly  complete 
plans    for   the   proposed   sewer   system. 

Las  Animas,  Col. — The  City  Council  has 
passed  ordinance  authorizing  a  complete 
sewer    system. 

Hartford,  Conn. — City  Engineering  De- 
partment is  preparing  plans  for  the  con- 
struction of  Section  C  of  the  Homestead 
Ave.  intercepting  sewer  system.  The  sec- 
tion   will    cost    $9.1SS. 

New  Briton,  Conn. — City  Sewer  Depart- 
ment will  take  up  the  matter  early  this 
spring  of  building  the  Black  Rock  sewer 
system,   which  is  to  cost  about  $20,000. 

Macon,  Ga. — The  City  Council  will  short- 
ly take  up  the  matter  of  installing  a  sewer 
system  for  the  newly  annexed  territory  of 
Vineville.  The  system  will  cost  about  $100,- 
000. 

Aurora,  III. — Sewer  extensions  in  the 
southeast  part  of  the  city  are  to  be  in- 
stalled this  year  and  will  cost  about  $60,000, 
according  to  the  figures  of  City  Engineer 
Tarble. 

Springfield,  III. — Ordinance  has  been  be- 
fore the  Council  for  the  construction  of  a 
sewer  in  southeast  part  of  the  city,  to  cost 
not    more    than    $13,460. 

Elgin,  III. — C.  E.  Plum.  City  Engineer,  has 
completed  plans  for  the  5th  Ward  sewer. 
The  sewer  will  cost  about  $80,000  and  will 
be  10  miles  long.  It  will  serve  about  800 
residences. 

Naperville,  III. — Hayes  &  Son.  Dunkirk, 
Ind.,  were  the  lowest  bidders  Jan.  IS  for 
the  construction  of  56.000  sq.  yds.  of  pave- 
ment and  curbing  and  5  or  6  miles  of  drain- 
age   sewer.       Their   bid    was    $77,000. 

Belleville,  III. — Ordinance  has  been  passed 
providing  for  a  sewer  in  the  Irish  Pond 
district   to    cost    $11,190. 

Mendota,  III. — The  construction  of  a  sep- 
tic tank  system  for  sewer  district  No.  2 
is  under  consideration.  The  cost  will  be 
about    $2,500. 

Bloomington,  III Board  of  Local  Improve- 
ments has  passed  resolutions  for  the  con- 
struction of  several  sewers  and  water  mains. 
Clinton,  la. — The  city  is  to  have  new  sew- 
ers constructed  in  blocks  Nos.  10,  11  and 
39.       W.  E.   Hayes  is  the  City  Clerk. 

Wichita,  Kan. — A  sanitary  sewer  is  to  be 
constructed    in    the    river    side    district. 

Hutchinson,  Kan.— T.  G.  Elbury.  City  En- 
gineer, has  prepared  plans  for  sewer  exten- 
sions involving  about  3,500  ft.  of  8-in.  pipe 
sewer. 

Newton,  Kan. — City  Engineer  McClane  is 
to  prepare  plans  for  the  proposed  South 
Side  sewer  and  also  for  the  construction 
of  a  septic  tank  for  treating  all  sewage 
from  Districts  Nos.  1,  2  and  3. 

Louisville,  Ky. — C.  T.  McCracken.  Colum- 
bus, 0.,  was  the  lowest  bidder  Jan.  22  for 
the  construction  of  Section  F  of  the  South 
Side  fall  sewer.  The  contract  amounts  to 
about   $90,000. 

Mansfield,  Mass. — Bill  is  before  the  State 
Legislature  to  authorize  this  town  to  con- 
struct and   maintain  a  system  of  sewers. 

Cassopolis,  .  Mich. — Plans  are  being  made 
for  a  sewer  system  for  this  place..  George 
S.  Pearson,  Kalamazoo,  Mich.,  is  the  En- 
gineer. 

Grand  Rapids,  Mich. — Estimates  have  been 
submitted  to  the  Board  of  Public  Works 
by  L.  N.  Anderson,  City  Engineer,  pro- 
viding for  the  construction  of  14  mile  of 
sewers  to  cost  $28,552.  The  largest  contract 
calls  for  a  sewer  in  Tamarack  St.  to  cost 
$26,975. 

Caro,  Mich. — The  village  voted  Feb.  1  on 
bonding  for  $35,000  for  establishing  a  sewer 
system.      Plans  have  all  been  made. 

Ypsilanti,  Mich. — The  City  Council  has  di- 
rected the  Coinmissioners  of  Public  Works 
to  procure  materials  and  begin  the  con- 
struction  of  a   sewer  in   Bell   St. 

Traverse  City,  Mich. — The  City  Council 
is  considering  the  matter  of  a  sewage  dis- 
po.sal   plant   or  a  disposal   system. 

Duluth,  Minn. — City  Engineer  M.  C.  Gil- 
vray  is  preparing  plans  for  two  trunk  sew- 
ers "to   be  built   this  year  in  West  Duluth. 

Albert  Lee,  Minn. — Plans  for  a  trunk  sew- 
er have  been  made  for  this  city  and  it  will 
cost    between   $25,000  and    $30,000. 

Wymore,  Net). — R.  C.  Markle  of  this  city 
has   made  a  proposition   to   the   City  Council 


to   furnish  water  supply  and  put  in  a  sewer 
system. 

Albuquerque,  N.  Mex. — City  has  voted  to 
issue  bonds   for  sewer  works. 

Washington,  N.  J. — A  special  election  is 
to  be  held  to  vote  on  installing  a  sewer  sys- 
tem. 

Watertown,  N.  Y.— State  Health  Depart- 
ment has  approved  plans  for  the  construc- 
tion of  the  Meadow  Point,  West  Miller  and 
Maple  St.  sewer.  Henry  E.  Baker  is  City 
Engineer. 

Tonawanda,  N.  Y.— The  Board  of  Public 
Works  has  rejected  all  bids  received  Jan.  15 
for  constructing  a  sewer  tor  the  Gas  Town 
section.  New  bids  will  be  called  for 
sanitary    and    storm    sewer    systems. 

Springfield,  O. — M.  J.  Bahin,  City  Engi- 
neer, has  been  preparing  estimates  for  the 
proposed    South    End    storm    sewer. 

Anadarko,  Okla.— City  has  voted  $7,000  of 
bonds  for   extending  its  sewer  system. 

Pittsburg,  Pa.— The  SUte  Board  of  Health 
has  directed  this  city  to  take  immediate 
steps  toward  building  a  new  sewage  dis- 
posal system  in  order  to  cease  polluting 
the  Ohio  River.  It  is  estimated  that  the 
project  will  cost  between  $15,000,000  and 
$20,000,000.  Ordinances  authorizing  the  mak- 
ing of  surveys  and  the  drawing  of  plans  for 
the  new  system  have  been  before  the  City 
Council.  A.  B.  Sheppard  is  director.  De- 
partment of  Public  Works. 

Harrisburg,  Pa. — The  State  Health  De- 
partment has  approved  plans  for  a  number 
of  small  sewers  to  be  built  by  this  city 
this  year.  M.  B.  Cowden  is  City  Engineer. 
Bradford,  Pa. — Plans  are  to  be  prepared 
for  a  sewage  disposal  plant  for  this  city. 
A.    F.    Bannon,    Jr..   is  City   Engineer. 

Dalhart,  Tex.— This  city  is  to  construct  a 
sewer  system.       W.  D.  Wagner  is  Mayor. 

Dallas,  Tex. — A  new  main  line  sewer  is 
to  be  built  in  the  10th  Ward  this  year. 

Barton  Heights,  Va. — This  village,  which 
is  a  suburb  of  Richmond,  is  to  have  an  elec- 
tion on  Feb.  23  to  vote  on  a  bond  issue  of 
$15,000  tor  building  a  sewer  and  water  sys- 
tem. 

La  Crosse,  Wis.— The  City  Engineer  is  pre- 
paring plans  for  a  trunk  sewer  to  extend 
from  9th  and  Mississippi  to  Front  and  Mis- 
sissippi Sts.  The  sewer  will  be  78  ins.  in 
size  and  will  be  constructed  of  concrete. 
It  will  cost  about  $40,000. 

Appleton,  Wis. — The  city  proposes  to  build 
a  sewer  in  College  Ave.   Ravine  this  year. 

Water  Supply. 

Items  Arranged  Alphabetically  by  States. 

Auburn,  Ala.— Town  has  voted  $12,000  bond 
issue    for   water   works   and    sewers. 

Ensley,  Ala.— Hugh  Friel  and  associates  of 
North  Birmingham,  Ala.,  who  proposed  to 
build  a  water  works,  have  applied  to  the 
Council  of  this  city  for  a  franchise  to  run 
pipes  through  the  city  and  conduct  water 
works   business   here. 

Samson,  Ala.— Howard  Butt,  121  Sayre  St., 
Montgomery.  Ala.,  is  engineer  to  construct 
the  water  and  light  svstem  at  Samson.  Mr. 
Butt  and  Mr.  W.  J.  Gresham,  Mayor  of  Sam- 
son, would  like  to  correspond  with  bond 
companies  in  regard  to  selling  $25,000  water 
and  light  bonds.  Mr.  Butt  would  also  like 
to  correspond  with  manufacturers  of  water 
and  light  supplies. 

Pueblo,  Colo. — W.  L.  and  M.  J.  Egner  of 
this  citv  have  filed  plans  with  the  County 
Clerk   for  the  Egner  irrigation   reservoir. 

Montrose,  Colo. — Surveys  are  in  progress 
for  the  location  and  construction  of  a  flume 
and  canal  taking  water  from  the  San  Miguel 
River  for  the  purpose  of  irrigating  about 
50,000  acres  of  rich  mesa  lands  lying  between 
Norwood  and  the  East  Paradox  Valley,  in 
the  southwestern  portion  of  Montrose  Coun- 
tv  Colorado.  The  total  length  of  the  canal 
is  approximately  70  miles  and  its  carrying 
capacity  will  be  400  cu.  ft.  per  second.  Rob- 
ert McF.  Doble,  Consulting  Engineer.  Ma- 
jestic Building,  Denver,  is  directing  the 
work. 

Hartford,  Conn. — ^^\'ater  Board  is  consid- 
ering installing  large  mains  for  fire  pro- 
tection purposes  in  the  district  between 
Park  River,  Spring,  Belden  and  Edwards 
Sts. 

Gainesville,  Ga.— City  Council  is  consider- 
ing increasing  water  supply  by  construct- 
ing dam.  forming  a  lake  reservoir  and  m- 
stalling   new    pump. 

Muscatine,  la.— Muscatine  Water  Works 
Co.    is  to  expend  $10,000  on   improvements. 

Galesburg,  III.— City  is  to  construct  water 
main    in    Arthur   Ave. 

Silvis,  III.— Board  Local  Improvements  is 
to  call  for  bids  soon  for  constructing  water 
works. 


Logansport,  Ind. — Board  of  Public  Works 
has  been  asked  to  extend  water  mains  on 
15th    St. 

Salem,  Ind. — Town  has  voted  to  enlarge 
its   water   system. 

Shirley,  Ind.— Town  votes  Feb.  6  on  in- 
stalling water  works. 

Canton,  Kans.— City  Council  has  purchas- 
ed a  site  for  the  proposed  new  water  works 
plant. 

Carlisle,  Ky. — Louisville  concern  has  made 
proposition    to   install  water  works   here. 

Saint  Matthews,  Ky. — The  St.  Matthews 
Water  Supplv  Co.  has  been  incorporated 
with  a  capital  stock  of  $3,000.  The  In- 
corporators include  Henry  Bauer  and  Alex 
Staebler. 

Uniontown,  Ky. — E.  R.  Schiffley,  C.  L., 
Owensboro.  Ky.,  is  making  plans  and  esti- 
mates for  water  works  for  this  city. 

Corinth,  Miss.— City  will  issue  $8,000  of 
bonds  for  making  water  works  and  sewerage 
impro\'ements    and    extensions. 

Fallon,  Nev.— City  Council  wishes  to  get 
In  touch  with  engineer  to  prepare  plans,  etc., 
for  water  works.  The  city  is  in  the  mar- 
ket for  pipe  and  pump.  C.  L.  Noble  is  City 
Clerk. 

Mount  Morris,  N.  Y.— J.  F.  Witmer,  C.  E.. 
Buffalo,  N.  Y..  is  preparing  plans,  etc.,  for 
water    works    for    this    village. 

Greenspring,  O. — Town  is  to  vote  June 
23   on    installing   water  works. 

Put  in  Bay,  O. — Village  has  voted  to  in- 
stall  water  works. 

Anadarko,  Okla.— Citv  has  voted  to  issue 
$160,000  of  bonds.  $74,000  of  which  is  tor 
constructing    additional    water    works. 

Kiowa,  Okla. — A  $45,000  bond  issue  has 
been    voted    for   installing  water   works. 

Jellico,  Tenn. — City  proposes  to  install  wa- 
ter  works. 

Humble,  Tex. — Humble  Ice.  Light  &  Wa- 
ter Co.  has  been  incorporated  with  a  capi- 
tal stock  of  $8,000.  F.  A.  Peters,  who  has 
water  works  franchise.  Is  one  of  the  incor- 
porators. 

Denison,  Tex.— City  has  voted  $50,000  bond 
issue   for  water  works  improvements. 

Ennis,  Tex.— A  $13,000  bond  issue  has 
been    voted   for   water   works. 


TRADE  NOTES. 

The  general  offices  of  the  Smokeless  Fuel 
Co.  and  the  Superior  Portland  Cement  Co. 
are  now  located  at  1503-13  Union  Trust 
Bldg..     Cincinnati,     O. 

The  Pelton  Water  Wheel  Co.  announces 
the  removal  of  its  executive  and  sales  of- 
fices from  19th  and  Harrison  Sts.  to  the 
Monadnock  Bldg.,  3rd  and  Market  Sts.,  San 
Francisco,    Cal. 

After  a  continuous  service  of  six  years 
as  General  Manager  of  the  Northampton 
Portland  Cement  Co.,  Mr.  C.  P.  Jameson  has 
severed  his  connection  with  the  company, 
to  take  the  General  Managership  of  the 
Middle-West  Portland  Cement  Co.  at  lola, 
Kan.,  where  he  will  have  full  supervision 
of  the  erection  of  a  modern  3.000-bbl.  per 
dav  plant,  the  selection  and  installation  of 
machinery,  operation  of  plant  and  disposing 
of  its  output. 

In  order  to  afford  engineers,  architects 
and  others  interested  in  foundation  con- 
struction an  opportunity  of  familiarizing 
themselves  at  first  hand  with  its  methods, 
the  Ravmond  Concrete  Pile  Co.  of  New  York 
and  Chicago  will  give,  at  the  coming  Chi- 
cago cement  show,  working  demonstrations 
of  its  systems  of  making  and  placing  con- 
crete piles.  The  Raymond  system  consists 
of  placing  a  sheet  steel  shell  in  the  soil 
bv  means  of  a  collapsible  steel  core,  with- 
drawing the  core  and  thereupon  filling  the 
shell,  previously  subjected  to  a  searching 
examination,  with  concrete.  The  entire  op- 
eration will  be  shown  at  the  Raymond  Co.  s 
booth.  A  model  driver  will  be  employed 
in   the   placing  of  the  shells. 

The  Standard  Asphalt  &  Rubber  Co.  on 
Feb  1  removed  its  general  offices  to  suite 
508-511  Home  Insurance  Bldg.,  205  LaSalle 
St.,    Chicago,    111. 

The  Leman  Iron  Works  Co.  has  changed 
its  corporate  name  to  the  Cleveland  Iron 
Works  Co.  The  company,  which  handles 
structural  and  ornamental  iron  and  wire 
.  work,  has  its  office  and  factory  at  6824 
Union  Ave.,   Cleveland,   O. 

The  Cement  Products  Exhibition  Co.  has 
appointed  Joseph  E.  G.  Ryan,  Inter  Ocean 
Bldg.,  Chicago,  as  press  representative  of 
the  Second  Annual  Cement  Show  to  be  held 
Feb  18-24  at  the  Coliseum.  Chicago,  111.  The 
Cement  Products  Exhibition  Co.  suggests 
that  the  exhibitors  send  to  Jlr.  Ryan  copies 
of   their  catalogs,   circulars,   etc.,  and  supply 
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him  with  any  oth«T  Inforriuitlnn  that  nilchl 
pri>ve  boikI  iimtprliil  (or  press  noilcos.  It 
will  be  »-.-ll  to  uccomimny  any  iirltitcj  mat- 
ter of  thl»  Kiirt  with  11  l.-tt.-r.  iuIvL^Ihb  tlint 
It  In  hilnK  ».-nt.  I,.  L.  Kent  hii.i  h.-i.n  a|)- 
polnti'd  ManuKi-r  of  Iimtallatlon  f.ir  th.»  Sec- 
ond Annuiil  Ccin.-nt  Show  anj  will  have  di- 
rect iharKe  of  all  inatterH  pertalnlni;  to  the 
Installation  of  exiilhlts  and  the  Uecorutlon  of 
the  Coliseum  durlne  the  show. 


CONTENTS    OF    JAM  \RN     21,    ISLES 
OF  ENQINEERINO-CONTRACTINQ. 

Editorial  : 
A  Proposed  Form  of  Contract  in  Whicli 
the   Contractor   Afrrccs    to    Do    the 
Work   at    Prices   Fixed   by   a   Third 

Party  Called  the  "Estimator" 61 

Builder  of  the  Manchester  Ship  Canal 
Condemns  the  RiiihlinR  of  tlie  Pan- 
ama Canal  by  Day  Labor 61 

Concrete  Section  : 
Method   of   Underpinning    a     Building 

Wall  with  a  So-Ft.  Span  Reinforced 

Concrete    Girder    62 

Value  and   Cost   of   Steam   Curing  of 

Concrete  Blocks   64 

Methods   and   Cost   of   Constructing   a 

Concrete  Sewer  in  Freezing  Wcather.So 
Coming    Conventions     of     Interest     to 

Cement  Users   66 

Earth  and  Rock  Section  : 

The  Cost  of  Excavating  a  Small  Cel- 
lar with  Drag  Scrapers 67 

Methods  and  Costs  of  Stripping  Iron 
Ore  with  a  Steam  Shovel 67 

Roads  and  Streets  Section; 
The  Construction  of  Sand-Clay  Roads. 69 
The  Work  of  the   Municipal    Asphalt 
Repair  Plant  of  Indianapolis,  Ind...70 
General  Section  : 

The  Young  Civil  Engineer 71 

Cost  of  Constructing  a  66-in.  Brick 
Sewer  at  Gary,  Ind 73 

Methods  of  Weighing  Stone  on  Barges 
and  Scows    75 

Letters  to  the  Editors  : 
The  Value  of  Cost  Data  in  Preventing 
Reckless  Bidding  for  Reinforced 
Concrete  Construction — The  Cold 
Springs  Reservoir :  A  Comparison  of 
the  Bidding  Prices  with  the  Costs  bv 
Day  Labor   .76 

Catalogs  Worth  Having 78 


Ottr  w.iMKi  coijiit  of  IMS  book  irrre  loM  (ri  l«i( 

than2  y€iir»,  (Au*  brfa^infj  all  rtcordB 

for  ihe  salt  of  a  lecKnxcal  book. 

HANDBOOK  OF  COST  DATA 

liv  MM  111. »/ I  P.  QILLETTE.  M.  Am.  Soc.  C.  E. 

Ldllur    l..NGI.NCEKI.NO-CUNTKACTI.\0 

This  book  was  written  by  an  experienced 

contractor  and  engineer,  and  contains  just  the 
cla-ss  of  information  that  men  usually  keep 
carefully  concealed  under  their  hats.  It  has 
over  000  pa^es  of  actual  records.  showinR  the 
detailed  cost  of  doinK  various  clas-ics  of  work 
under  diflcrent  conditions.  Tht  entire  Kmk  is 
filUd  tL'ith  fiftures  and  facts  that  art  invaluabU 
to  anyone  tnUrresteJ  in  contract  work  or  con- 
struction of  any  kind. 

Flexible  leather,  gilt  cdRca,  622  paKc^. 
illu-stratcd;  $-1.00  net  postpaid 

34- paKc  circular.  KivinR  information  concern- 
ing the  contents  of  each  mx  tion.  tOKclhcr 
with  sample  paRcs,  will  be  mailed  FREE. 

WkiTH   KoK   Ir. 

The  Myron  C.  Clark  Publishing  Co. 


J55  Dearborn  Street 


ClllL\<iO.  ILl- 


REFUSE   INCINERATION  PLANT. 

.MllHaiiK.-.-,     U  1^  ,    J., II      ;i(.     I'JOJ, 

.S<>ale<l  propo.siiU  will  !»•  ri-rrlvpd  at 
thl»  oltlce  until  Wi-Unriulay.  March  31. 
1SU9.  at  10;30  o'clock  a.  m.,  for  con»lruct- 
Ing  and  erecting  at  lli.i  foot  of  Krle 
mrwt.  In  ttie  ThlrJ  Ward  of  the  City  of 
.Milwaukee,  a  refuiie  Incineration  plant 
lomiilcte.  with  all  appurtenances  (ex- 
cept the  »uper8tructuro  of  tho  hitlMfni; 
and  the  rhlmni-y  ahuve  th. 
according  to  plans  and  *\- 
lUe  In  this  oMhi-  and  also  ..n  ni.  :u  [i,.- 
onice  of  Herlnic  &  Fuller,  consultlne  en- 
Klneera.   170   Hriuidway,  New  York  rity. 

The  bidder  mum  e.<canilnc  the  plans 
and  speclflcatluns  for  the  superstructure 
of  the  plant  and  for  the  chimney  (to  be 
let  In  a  separate  contract)  and  agree 
that  these  are  sulHclent  for  and  will  In 
no  way  Interfere  with  the  fultlUment  of 
his  own  contract  and  Kuarantees. 

He  must  make  a  personal  examination 
of  the  site  of  the  proiK).sed  work  and 
must  also  make  such  Investigations  as 
are  necessary  to  determine  the  combus- 
tible character  of  the  refuse  to  b«> 
burned,  as  now  collected  In  the  City  of 
.Milwaukee. 

Bidders  must  state  prices  as  set  forth 
and  directed  In  Section  1  B.  of  the  specl- 
catlons,  on  specially  printed  blanks  pre- 
pared for  the  purpose.  Each  bidder 
shall  also  prepare  and  submit  with  his 
proposal  the  drawings  and  statements 
enumerated  In  Section  1  B.  of  the  specl- 
Itcations. 

Work  to  be  completed  within  one  year 
from  the  date  of  the  award  of  the  con- 
tract, falling  in  which,  the  contractor 
shall  pay  to  the  City  of  Milwaukee,  as 
liquidated  damages,  the  sum  of  $500  per 
day  for  each  and  every  day's  delay  in 
completing    the    contract. 

Bonds  to  accompany  bids  required  In 
the  penal  sum  of  $30,000.  or  In  lieu  there- 
of, the  bidder  may  deposit  with  the 
Board  of  Public  Works  the  sum  of  $15.- 
000  in  money  or  certified  bank  check.  In 
case  a  bond  Is  submitted,  it  must  be 
signed  by  local  bondsmen  or  by  a  surety 
company  qualified  to  do  business  In  the 
Slate  of  Wisconsin. 

The  blank  form  of  the  bond  required. 
or  the  blank  form  for  submitting  money 
or  check  in  lieu  of  the  bond,  will  be 
furnished  on  application. 

All  moneys  deposited  will  be  returned 
to  unsuccessful  bidders  on  award  of  con- 
tract to  and  successful  bidder  when  the 
contract  is  entered  into. 

The  successful  bidder  will  be  required 
to  enter  Into  contract  Imnii'dlately  after 
notlllcatlon,  with  a  bond  for  the  per- 
formance of  the  work  in  a  perul  sum 
ei|ual  to  the  full  amount  of  the  bid  for 
furnishing  and   erecting  the  plant. 

Contnictors  desiring  copies  of  the  plans 
and  specifications  for  their  own  use  can 
secure  the  same  from  Hering  A  Fuller, 
consulting  Engineers,  170  Broadway,  New 
York  City,  on  receipt  of  $15,  as  a  guor- 
antee  for  the  safe  return  of  said  plans 
and  spccincattons. 

The  Board  of  Public  Works  reserves 
the   right  to  reject  any  or  all   bids. 

CHARL.ES    J.    PoKT.SL-lI. 
J.    P.    SHEREK. 
L.    A.    JANSEN. 
A.   J.   GRINUMAN, 
Commissioners  of   i'ut>llc  Worka. 
AfOi;ST  M.  OAWiN,  Comptroller. 


I'lKK     WCiiCK 
iilti.e.   57   Park  .^t 
Jan.    IS,    1909—8.11 
of    south    pier    .it 
lie    rccelviMl    \.- 
1909,    and    th'  : 
matlon    on    ai 
Col.,    Engrs. 
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Practical  Cement   Testing 

By  W.  PURVES  TAYLOR.  M.  S.  C.  E. 

Engineer  in  Charee  of  Philadelphia  Municipal 

Testing  Laboratories. 

'T'HIS  is  the  first  practical  and  exhaustive 
■*■  treatise  on  this  important  subject.  It  has 
already  been  adopted  as  a  text  book  by 
leading  technical  schools. 

Each  chapter  contains  a  mlnut*  description  of  the 
methods  followed  in  the  author's  laboratory  and 
many  valuable  suggestions  as  to  the  "how"  and 
*  why"  of  cement  testing.  The  observations  on  the 
interpretation  of  results,  one  of  the  moPt  difficult 
tasks  of  the  novice,  are  especially  pertinent  and 
are  expressed  in  a  fair  and  conservative  manner. 

The  book  is  so  complete  that  it  can  be  put  in  the 
hands  of  a  young  engineer  with  confidence  that  it 
will  enable  him  to  make  reliable  tests  on  cement. 
The  wealth  of  photographs  and  line  cuts  lumish 
the  pictorial  examples  of  how  to  conduct  cement 
tests,  and  the  300  pages  of  texts  are  so  explicit  that 
even  the  most  inexperienced  man  can  soon  learn 
the  art  of  cement  testing.  Yet  the  book  has  not  a 
superfluous  paragraph. 

Cloth,  6x9  inches:  330  pages:  142  illustrations; 
58  tables;  $3.00  net,  postpaid. 

The   Myron  C.  Clark   Publishing  Co. 

355  Dearborn  Street.  CHICAGO,  ILL. 
13-21  Park  Row.  NEW  YORK 


"Field    System" 

By  FRANK  B.  GILBRETH 

'T^HIS  book  was  written  by  one  of  the  largest 
-^  general  contractors  in  the  world,  and  con- 
tains nearly  200  pages  of  rules  and  instructions 
tor  the  guidance  of  his  foremen  and  superin- 
tendents. It  is  the  outgrowth  of  over  20  years 
of  experience  in  the  contracting  business  and 
embodies  scores  of  suggestions  for  economizing 
and  for  increasing  the  output  of  the  men  on  the 
job.  Mr.  Gilbreth  is  the  contractor  who  made 
the  "Cost-plus-a-fixed-sum-contract"  famous; 
in  doing  so,  he  has  likewise  made  famous 
Gilbreth's  "Field  System,"  only  a  few  excerpts 
from  which  have  heretofore  appeared  in  print. 

In  raakinff  public  his  "Field  System."  Mr.  Gilbreth 
i?  performing  a  service  to  the  public  that  is  com- 
parable with  the  action  of  a  physician  in  disclosing 
the  secret  of  his  success  in  curmp  a  disease.  The 
disease  that  Gilbreth's  "Field  System"  aims  torure 
is  the  hit  or  mi.^  method  cf  doin^  contract  work. 
System  supplants  slovenliness,  and  makes  slom  an 
absolute  impossibility. 

200  pages,  with  illustrations:  bound  in  leather; 
price  $3.00  net.  postpaid. 

The  Myron  C.  Clark  Publishing  Co. 

355  Dearborn  Street,  CHICAGO.  ILL. 
13-21  Park  Row,  NEW  YORK 


Rock    Excavation 

Methods  and  Cost 

By  HALBERT  P.  GILLETTE 

ONE  superintendent  writes  us  that  he  has  cut 
the  cost  of  his  drilhuf;  and  blasting  practically 
in  two  since  he  received  this  book  and  applied  the 
methods  eiven  by  Mr.  Gillette.  We  doubt  whether 
such  a  statement  has  ever  before  been  truthfully 
made  of  any  books  except  those  wTitten  by  Mr. 
Gillette.  His  books  are  practical  books  tor  prac- 
tical men.  and  the  keynote  throughout  Is  economy 
- — how  to  save  money  on  the  work  and  how  to  in- 
crease the  output. 

'Rock  Excavation"  has  chapters  descrihine: 
Rocks  and  Their  Properties:  Methods  and  Cost  ot 
Hand  Drilline:  Machme  Drills  and  Their  Lse: 
Steam  and  Compressed  Air  Plants;  The  Cost  of 
Machine  Driltins;  Cost  of  Diamond  Drillins. 
Explosives;  Chareine  and  Firine.  Methods  ot  Blast- 
ine;  Cost  of  Loading  and  Transporting  Rock; 
Quarrying  Stone;  Open  Cut  Excavation:  Methods 
and  Costs  on  the  Chicago  Drainaee  Canal,  Cost  ot 
Trenches  and  Subwavs:  Subaqueous  Excavation; 
Cost  of  Railway  Tunnels;  Cost  "f  Drifting,  Shaft 
Sinking  and  Slopin? 

Cloth-  5^x7  incnes;  384  pages*.  .S6  figures  and 
illustrations;  price  $3.1^  net,  postpaid. 

The  Myron  C.  Clark  Publishing  Co. 

355  Dearborn  Street,  CHICAGO,  ILL. 
13-21  Park  Row.  NEW  YORK 


CONCRETE  VIADUCT. 

L«\'ncliburg',     Va. 

Sealed  proposals,  addressed  to  the 
Joint  Council  Committee  on  Streets  and 
Sewers,  and  endorsed  "Proposals  for  the 
i^'onstruction  of  a  Reinforced  Concrete 
Viaduct."  will  be  received  by  the  Council 
Committee  on  Streets  and  Sewers,  at  the 
City  Engineer's  Office,  Lynchburg.  Vir- 
ginia, until  2:30  p.  m..  of  Monday,  the 
15th  day  of  FeV.ruary,  1909.  and  on  that 
day  at  3  p.  m.  will  be  publicly  opened 
and  read.  The  entire  work  is  to  be  let 
in  one  contract. 

A  certified  cheek  for  One  Thousand 
Dollars  ($1,000.00)  shall  accompany  each 
bid.  and  a  bond  for  Ten  Thousand  Dol- 
lars ($10,000.00)  will  be  required  for  the 
faithful   performance  of   the   contract. 

The  approximate  quantities  are  as  fol- 
lows : 

1.600    cubic   yards  excavation, 
220  tons  steel  bars. 

3,700  cubic    yards    concrete. 

1,040  square   yards  brick   pavement. 

Plans  can  be  seen  and  specifications 
and  forms  of  proposals  and  contracts  ob- 
tained at  the  office  of  H.  L.  Shaner. 
Chief  Engineer.  Lynchburg.  Virginia,  up- 
on making  a  deposit  of  Twenty-five  Dol- 
lars ($25.00).  This  deposit  will  be  given 
liack  to  the  bidder  upon  the  return  to 
the  Engineer  of  the  plans  and  specifica- 
tions  in  good  condition. 

The  committee  reserves  the  right  to 
reject  any  or  all  bids,  should  they  deem 
it  to  be  for  the  interest  of  the  City  of 
L>'nchburg   to   do    so. 

H.    L.    SHAXER.    Chief    Engineer. 


WATER-WORKS. 

Wichiti..    Kan. 

Sealed  proposals  will  be  received  at  the 
ofBce  of  the  City  Clerk  until  7:30  o'clock 
p.  m..  March  15.  1909,  for  the  construc- 
tion of  a  water-works  system  for  the  City 
of  Wichita,  Kan.  All  work  and  material 
to  be  done  and  supplied  according  to 
plans  and  specifications  on  file  in  the  of- 
fice of  the  City  Clerk.  All  work  to  be 
done  under  the  direction  and  supervision 
of  a  special  engineer  to  be  employed  by 
the  city.  The  work  will  be  paid  for  in 
cash  or  four  and  one-half  per  cent,  twen- 
ty-year bonds,  at  the  option  of  the  city. 
Plans  and  specifications  were  prepared  by 
Engineer  Hiram  Phillips  of  St.  Louis, 
copy  of  which  may  be  obtained  by  ap- 
plying to  the  City  Clerk  upon  deposit  of 
twenty-five   ($25.00)   dollars. 

The  estimated  cost  of  the  above  im- 
provement is  approximately  $860,000.  All 
bidders  will  be  required  to  enclose  certi- 
fied check  in  the  sum  of  $10,000.  as  a 
guarantee  of  good  faith.  The  Mayor  and 
Council  reserve  the  right  to  reject  any 
and  all   bids. 

R.  N.  DORR,  City  Clerk. 


"\A/ANT" 

Cards   in    this    paper 
cost,  if  tin  displayed,  only 

On©  Cent,  a  NA/ord 

Displayed  .SI. 00  an  inch. 


If  you  want  to  buy 

TOOLS 
SUPPLIES   or 
MACHINERY 

Send  us  a  postal  card  and  we  will  notify  the 
leading  dealers  or  manufacturers.  We  have 
unexcelled  facilities  for  helping  those  who 
are  in  the  market  for  anythmg. 

EHGINEERING-CONTSACTINO 

355  Dearborn  St..  Chicago 


PROPOSALS     FOR     A     SEWER 

SYSTEM  AND  PUMPING 

PLANT. 

East   St.    Louis,   111.,   Jan.   14,    1909. 

Proposals  will  be  received  by  the  Board 
of  Local  Improvements  of  the  City  of 
East  St.  Louis.  111.,  until  12  o'clock  noon. 
February  17.  1909.  for  tlie  construction  of 
a  system  of  concrete  and  pipe  sewers  and 
a  sewage  pumping  station  as  follows: 

One  pumping  station  building  and  ap- 
purtenances. 

Five  drainage  and  two  sewage  pumping 
engines  to  be  vertical,  single-acting  gas 
engines,  direct  connected  to  horizontal 
shaft  centrifugal  pumps. 

33.500  linear  feet  of  sewers,  varying  in 
diameter  from  3  to  10^  feet. 

The  work  will  be  paid  for  in  cash  or 
bonds.  Specifications,  plans,  form  of  pro- 
posal and  other  information  may  be  ob- 
tained from  the  engineer  of  said  city  upon 
a    deposit   of  $5. 

W.    J.   CROCKEN,   City  Engineer. 


CONCRETE  SEWER. 

Ashtabula,  Ohio,  Jan.  20,   1909. 

Sealed  bids  will  be  received  by  the 
Board  of  Public  Service  of  the  city  of 
Ashtabula,  State  of  Ohio,  at  the  office  of 
said  Board  until  12  o'clock,  noon,  Tues- 
day, Feb.  16.  1909.  for  furnishing  the  nec- 
essary labor  and  materials  for  the  im- 
provement of  West  St.  from  Auger  Ave. 
to  Fred  St.,  Fred  St.  from  West  St.  to 
Haskell  Ave..  Haskell  Ave.  from  Fred  St. 
to  Benefit  St.,  Benefit  St.  from  Haskell 
Ave.  to  Prospect  St.,  Mills  St.  from  Ben- 
efit St.  to  Hope  St.,  Hope  St.  from  Mills 
St.  to  Prospect  St..  by  constructing  a 
sewer  therein,  according  to  the  plans  and 
specifications  on  file  in  said  office.  Tlie 
work  includes  approximately  1.372  lin.  ft. 
I'10"x2'9"  concrete  sewer,  3,020  lin.  ft.  of 
l'S"x2'6"  concrete  sewer,  774  lin.  ft.  of  20" 
sewer.  2.154  lin.  ft.  of  15"  sewer,  1,790 
lin.  ft.  of  12"  sewer,  30  manholes,  and  alt 
other  labor,  material,  branches  and  appur- 
tenances, as  shown  by  the  plans  and 
specifications,  or  required  by  said  im- 
provement. 

Bidders  are-  required  to  use  tlie  printed 
forms  furnished  by  the  city,  which  can  be 
liad  on  application  at  tlie  office  of  said 
Board,  and  are  directed  to  observe'  the 
"Instructions  to  Bidders"  therein  con- 
tained. 

The  right  is  reserved  to  reject  any  and 
all    bids. 

By  order  of  the  Board  of  Public  Serv- 
ice. A.  J.   RICHARDSON. 

Clerk. 


DREDGING  —  U.  S.  ENGINEER  OF- 
fice,  Milwaukee,  Wis..  Jan.  14.  1909.— 
Sealed  proposals  for  building  reinforced 
concrete  caissons  and  pile  pier,  removing 
old  pier  and  dredging  at  Jlilwaukee  har- 
bor. Wis.,  will  be  received  here  until  2 
p.  m..  Feb.  12.  1909,  and  then  publicly 
opened.  Information  on  application.  W. 
\'.   .Uidson,  Maj.,  Engrs. 


CONST  RUCTING  QUARTERMAS- 
ter's  Office.  Fort  Des  Moines.  Iowa,  Jan- 
uary 20,  1909. — Sealed  proposals,  in  tripli- 
cate, will  be  received  here  until  3  p.  m.. 
Standard  time.  February  10.  1909,  and 
then  opened,  for  constructing  a  steel 
highway  bridge  at  Fort  Des  Moines,  Iowa, 
target  range.  Information  furnished  on 
application.  Plans  and  specifications  will 
be  sent  to  intending  bidders  upon  receipt 
of  request  accompanied  by  certified  check 
for  $50.00.  which  will  be  refunded  when 
the  plans  and  specifications  are  returned. 
Envelopes  containing  proposals  should  be 
indorsed.  "Proposals  for  Bridge."  and  ad- 
dressed. Constructing  Quartermaster,  Fort 
Des  Jloines.  Iowa. 


l-el. 


Kjoy 
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COURT  HOUSE. 

Ni-wton,  Iowa. 

SphIoJ  |iiiip<iiiul8  win  lie  n-celvi-J  by  111* 
Uoaitl  of  SupervlaiirH.  Nowtoii.  lowii.  un- 
til 2  o'clurk  p.  m.  on  llio  ISili  day  of 
Kubruury.  1909.  for  the  creollon  and  coni- 
liliMliin  of  a  tlireo-atory  Court  llouiii'  for 
J»!i|>er  County,  plans  and  MpocliUntlonB 
for  which  ore  ntiw  on  llle  ut  the  olllcc  of 
Jhe  County  Auditor.  I'lans  and  specKlcii- 
llons  oun  ul80  be  seen  at  the  otHco  of 
ProudfiHil  &  Bird.  archltei-lH.  No.  625 
Hynn   Bldg..  Des   Molnci.   Iowa. 

Bids  will  be  received  for  the  buildlnR 
I'oMiplete,  ineludloK  lieiitlnK.  pluniblnK  and 
<-leetrle    work. 

Certltlid  check  Su.OOO:  bond  2u  per  cent 
*i(    contract   price. 

The    right    Is   reserveil    to   reject   uny   or 

Jill     llidH. 

Kli.V.VK  SKI, I. .MAN.  C.uiity  Auditor 

KuKT  .MYKIt.  VA..  Januarv  II.  19ULi 
.Sealed  proposals  In  triplicate  will  be  re- 
ceived at  the  otlice  of  the  Constructing 
Quartermaster,  until  11  o'clock  a.  m.. 
Keliruary  9.  1909,  and  then  opened  for  the 
-construction  of  a  Band  Stable  at  Fort 
.Myer.  Va.  CertlHed  check  or  Surety 
■<'uin|»iiny's  guarantee  for  10  per  cent  of 
ihe  amount  must  accompany  each  bid. 
Plans  and  specifications  will  be  furnished 
upon  application  accompanied  by  a  de- 
posit of  $5.00  to  Insure  safe  return.  The 
Bovernmen'  ^serves  the  rlKht  to  reject 
any  or  all  olds.  Proposals  should  be  In- 
dorsed "Proposals  for  Itand  Stables."  and 
Jiddr.ssid  t..  CAPTAIN  B.  M.  HVKK. 
<'onstrui-tlnp  iJAiartermaslrr. 

KEY  WEST.  FLORIDA.  Sealed  pro- 
posals In  duplicate  will  be  received  by 
the  undersigned  until  U  a  m..  February 
5.  1909.  and  then  publicly  opened,  for 
furnishing  a  condenser,  niter,  feed  water 
heater,  etc.;  also  for  remodeling  pumping 
-and  distilling  plant  at  Key  West  Bar- 
racks. Fla.  Plans  and  specifications  on 
request.  Proposals  should  be  marked 
"Proposals  for  pumplnp  plant"  and 
addressed  to  CAPTAIN  C.  H.  LANZA, 
Quartermaster.    Key    West.    Florida 


^ 


BEST  EXTENSIBLE  TRENCHING  BRACE  MADE 

KALAMAZOO  .'!::i-r„7.:K' 


WANTED— 

you  to  kno  ■  TIIH  \T.LTCN  UNI- 
VERSAL CRUSHER  u  the  only 
machine  which  will  reduce  the  hard- 
est ROCK  and  GRAVEL,  instan- 
taneously, to  any  fineness  according 
to  your  wishes.  It  can  be  adjusted 
without  stopping  your  machinery;  is 
very  simple  in  construction i  less 
power  and  less  repairs  are  required 
for  maintainance  expense,  and  the 
least  cost  of  any  machine  in  the 
market.  Prices  range  from  $30  up. 
Investigate  and  you  will  be  pleased 
AJdress  the 
ONIVBRSAL  STONE  CRUSHER  CO.. 
Cedar  Rapids.  Iowa. 


Tilt  MUllary  College  ol  Ibc  Stale  ol  Vermool 

NORWICH  UNIVERSITY 

NorllUleld.  Vermont 

Courses:  Civil  Knelncfrinc,  Klfolrtr:il  Enelm-vrtne, 
Clit'nilstr>-.  .\rl8.  Scl.-rit-i-  and  Li-tl.-r*.  Military  Ifb.- 
clpllnt.'  wltb  cumplelc  rttutue  and  liistructlua   (or  uU. 

For  full  Intormition,  iddrt'js  THE  SECRETARY. 


TUNNEL  SEWER. 

.\l.n;..iii    Fall..     .S      i   ,   Jul, 
Sealed    propowllH   Hill    be  rec.  . 

l:.  .11.1    i.f    Public    W.Ti.,    ..f    . 
in  Knllii,  N.  V 
■I  city,   up   to    I 

It    ";3o  o'cli>ck    p.    m.,    for   the    fur- 
k-  of  material*  and  Ihe  conatrucllon 
l"WlnK  work: 

A    tunnel    trunk    uwor    tmm 


• '■■■•       *»     ■■•"       .I'.IHJ'-      •■  M.-Il.l.-.I       I..       I      I. J.  .11 

.■<treet. 

No.  203.  A  aewer  In  L'nion  Street  from 
Ihe  end  of  the  proposed  tunnel  to  BufTalo 
.\venul . 

All    proposal!    must    be    made   on 
formii.  which  together  with  other  r.  i 
menm.    moy   be  obtained    In    the  ofHie   of 
the     City      Engineer.      Convention      Hall, 
where    plans    and     specincatlons    of    Ihe 
work   may   be  seen. 

The  Board  rescries  the  right  to  reject 
any  and  all  bids  and  to  waive  all  In- 
formalities. 

WALTER    P.    IIORNE,    City    Clerk. 
W     1)     noRHl.NS.    city    EnBln.er. 

PUMPING  ENGINE. 

Phoenix.    Ariz. 
.--.al.-.l  |.r"iMi!<ii8  will  (m.  received  by  the 
Superintendent    of    the    Water    Works    of 
tile  city  of  Phoenix.   .-Vrl*  .   until  4  o'   :     i< 

!■-    m.   of   Feb.    10.    1»09.    for  one   3.0 

gallon    pumping    engine.       Bids    mu-.- 
accompanied  by  a  certified  check  for  ' 
cent    of    the    amount    of    the    bids,    n  ti 
payable  to  Frank  Thomas.  City  Recorder. 
Specincatlons   may   be   had   upon  applica- 
tion.      Right  to  reject  any  and  all  bids  re- 
.-ened.  ROBT.  A.  CRAIG. 

.-■  ipt.  Water  Works 


UNITED  STATES/i\     ^^^'^^  ^^'^^ 

EQUIPMENT  Ga/  ^  ^     Do  You  Choose 
WAY  /^         >v  Mr. 

•um^J  '^  ^   ^  Contractor? 

ro255^rvSp''*^C0NTRACTOR5^ 

REASONABLE  RATES 

Vou  c.in  kiij-  iii(>nc>  husy  all  the  tunc.  Ever  fi;,'iirc  on   rciiliiij;  i>l.int  .' 

Can  you  keep  ynur  plant  bu.sy  all  the  time?  '  o    o  gc  ^,^/' 

p..  .                       <;            ,                  ,    ,           f  •    ,        »  We  will  rent  you  plant      .\nvthinK  you  need.     Do 

Did  you  ever  fijrure  how  inuch  loss  of  interest  .            ,           .,,■'        '          , 

-■,;..                 .             .     ,                         ,.    ,         .  a  basis  that  will  mean  real  economy  to  you 
(incfimc)  It  means  to  you  to  have  money  lied   up  in 

idle  plant?  Don't  attempt   to  figure  on  what   you  may  know- 
Did   you   ever  lose  a  profitable  job  for  lack  of  ^^°»^   '^e   hand-to-mouth   way   of   renting 
capital,  because   your  capital  was  tied  up  in  the  m^nt       Wc  m  a  k  e  t  h  e  re  n  t  in  g   of   plar 
plant  busy  on  another  job?    Or  worse  still,  in  plant  business.      Get  our  figures.      Then   you  > 
which  though  idle,  was  not  suitable?  f"'-""'  i'ltt-'lhgently. 
■  1       •!*/■»..              f-«           •                       J     /"f  ^TT     A'.k  fnr  niir  book— "CoKiivra!i"n  in 

United  States  Equipment  Co.   C^  7u";;tcd" 

1201  rishcr  nuildin;;,  Ciiic;i>;".  Illinois  'wr».iin>.  /y/  str 
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International  Brotherhood  of 
Steam    Shovel    &    Dredge    Men 

Furnishes  on  short  notice,  competent  and  practical  Engineers,  Cranemen  and  Firemen  for  all 
kinds  of  machines,  to  all  contractors  and  railroad  companies  in  the  United  States  and 
foreign  countries.  The  men  whom  we  furnish  will  be  guaranteed  competent  workmen  and 
and  will  carry  a  membership  card  in  our  association.  When  ordering  men  be  sure  and  state 
the  kind  of  machine  you  operate.     Address  all  communications  to 

THOS.  J.  DOLAN,  Sec'y-Treas. 

Headquarters,  134  Monroe  St.,  Rooms  508,  509  and  510. 
^Loug  Distance  Telephone  4222  Central.  CHICAGO,  ILL. 


Steam  Shovels,  Locomotives, 
Cars,  etc. 

Contractors'  and  Railway  Equipment 

Telegraph.  Telephone  or  Wnte  U«. 

A.  C.  TORBERT  &  CO. 

547-548  Monadnock  Block  CHICAG* 


Tracklavini^  by  Machinery 

SIMPLE— R.\PID— ECONOMICAL 

D.  F.  HOLMAN 

RAILWAY  TRACKLAYER   COMPANY 

1718  Railway  Exchange,  Chicago 


From  1,000  to  6,000  Candle  Power 

The  Buckeye  Light 

SOLE  MAKERS 

WALTER  MACLEOD  &  CO.,  Cincinnati,  0. 


LOCOMOTIVES 

Eight  9x14  saddle  tank  36-inck 
gauge.  Also  lighter  and  heavier 
locomotives.  Have  165  loco- 
motives from  6  to  70  tons  ia 
stock  in  our  shops. 

Also  Steam  Shovels 

Southern  Iron  &  Equipment  Co. 

ATLANTA,  QA. 


The  Cincinnati 
Frog  &  Switch  Co. 

CINCINNATI,  OHIO 

Manufacturers  of 

Frogs,  Crossings,  Switches, 
Switch  Stands,  Rail  Braces, 

And  special  track  work  of  every 
description  for  Railroads,  Mines, 
Mills,  Contractors,   Plantations. 


"CONTINENTAL 

DUMP     CARS 


*t 


1}  to  20  Cubic  Yards  Capacity, 
any  Guage. 

CoBtinental  Car  &  Equipment  Co.,  (Ib(.) 

17  Battery  Place,  New  York 
Highland  Park,  Louisville,  Ky, 


GO  Day  docks 


Prentiss  clocks  arc  the  only  60 
day  clocks  manufactnrsd  id 
the  world,  and  keep  perfect 
lime  throughout  their  long 
run.  They  are  accurate^  dur- 
able and  reliable  and  will  last 
a  life  time.  Aimo  F^ylng- 
pan.  Etcciric,  Syn- 
ohrontxmd  and 
Wmtchman'm  clockm. 

Send  for  Catalograe  No    67. 
THE 

Preotiss  Ctocfi  Improvement  Co. 

Dept.  6,  92Chamb«rtSUN.Y. 


FROGS.  SWITCHES,  CROSSINGS 

Stands  and  Portable  Track  for  all  weights  of 
rail  for  Quarries,  Mines,  Coal  Tipples.  Indu*> 
trial  Plants  and  Contractors'  use. 


THE  INDIANAPOLIS  SWITCH  &  FROG  CO. 


SPRINGFIELD.  OHIO 


FOR    SALE 

400  Tons  New  Steel  Channels 

15  inches,  33  pounds.  30  feet  long 

We    have   the    clamps   for    converting 

them  into  steel  sheeting. 

Price  Way  Below  Mills. 

WALTER   A.    ZELNICKER   SUPPLY    CO.,   In  ST.  LOUIS 


Largest  Dealers  in  Rebuilt 
Equipment  in  United  States 

EAST  WORKS 
New  Freight  and  Passenger  Cars 

WEST  WORKS 
Rebuilt  Coaches,  Cars  and  Engines 

Hicks  Locomotive  &  Car  Worics 


General  Offices 
Chicago  Heights, 
Illinois 


Sales  Dept. 

Fisher  Building, 

Chicago,  IlL 


Trench 
Machines 


We  sell  and  lease  all  kinds  of  Hoisting  and 
Conveying  IHacbines  for  Trench  Work 

Catalogue  sent  upon  request. 

CARSON  TRENCH  MACHINE  CO. 

BOSTON,  MASS.,  U.  S.  A. 

flOl  Warren  .Street   NEW  YORK 
Branch  Offlcesj  Park  Buildlns.  CLEVELAND 

I  299  St.  James  Street.  MONTREAL 
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PAVING. 

Inillanola,  Iowa. 
Sealed  pru[iu.-uiU  will  bo  reci-lvcd  by  the 
City  Clerk,  InUlanola,  Iowa,  until  7 
o'clock  p.  m.,  on  Uie  8th  Jay  of  February, 
190'J,  for  conBtruction  In  unlj  city  of  about 
li>,3'J0  square  yards  of  3-lncl>  crcosotcd 
wood  block  paving  on  a  5-lnch  concrete 
foundation  and  about  ",S8<  lineal  feet  of 
6  by  20-Inch  concrete  curb  and  about  450 
yards  of  extra  grading,  according  to  plans 
and  specifications  now  on  lUo  In  City 
Clerk's  ofllce.  Each  bid  must  be  accom- 
panied by  certlded  check  for  Jl.GOO.  For 
proposal    blanks,   etc.,   address 

An-nirK  u;i;.  city  cicrk. 


PROPOSALS  FOR  CONSTRUCTION  OK 
barracks  and  quarters,  and  plumbing  and 
heating  and  electric  wiring  same.  War 
Department,  otllce  of  the  Constructing 
Quartermaster,  New  London.  Conn..  No- 
vember 28,  1908.  Sealed  proposals 
for  constructing  one  double  barrack, 
one  single  barrack.  two  field  offi- 
cers' quarters,  one  four-set  officers' 
quarters.  two  lieutenants'  quarters, 
three  double  non-commls.sloned  officers' 
quarters,  and  one  double  firemen's  quar- 
ters, at  Fort  Terry  (Plum  Island),  New 
York,  and  two  double  barracks,  two  Held 
officers'  quarters,  four  lieutenants'  quar- 
ters, two  double  non-commissioned  offi- 
cers' quarters,  and  two  double  firemen's 
quarters,  at  Fort  H.  G.  Wright  (Fisher's 
Island),  New  York,  and  for  plumbing, 
electric  wiring  and  Installing  heating 
plants  In  same  will  be  received  here  un- 
til 10  a.  m.,  Feb.  10,  1909,  and  then 
opened.  Proposals  are  desired  for  brick 
construction  of  all  buildings  and  for  re- 
inforced concrete  construction  on  bidders' 
plans  of  barracks  and  non-commls.sloned 
officers'  and  firemen's  quarters.  Infor- 
mation furnished  on  application.  En- 
velopes containing  proposals  should  be 
endorsed:  "Proposals  for  Public  Build- 
ings." and  addressed:  "R.  M.  Schofleld. 
Major.  Q.  M.,  Constructing  Quartermas- 
ter.  New   London,   Conn." 


COURT  HOUSE. 

Omalia,   Neb. 

Notice  Is  hereby  given  that  the  Board 
of  County  Commissioners  for  the  County 
of  Douglas  and  State  of  Nebraska  will 
receive  bids  for  the  construction  of  a 
Court  House  for  Douglas  County,  accord- 
ing to  the  plans  and  specifications  on  file 
In  the  office  of  the  County  Clerk  of  said 
county.  Bids  will  be  addressed  to  D.  M. 
Haverly.  County  Clerk,  enclosed  and 
sealed  In  properly  endorsed  envelopes, 
and  filed  with  him  not  later  than  .March  1, 
1909,  at  12  o'clock  noon,  at  which  time 
said  bids  will   be  opened. 

Copies  of  the  plans  and  specifications 
can  bo  obtained  from  the  undersigned  or 
from  the  Architect,  John  Latenser.  632 
Bee  Building,  Omaha  upon  application. 
A  certified  check  for  $50.00  must  accom- 
pany all  applications  for  plans,  as  a 
guarantee  that  bids  will  be  submitted  on 
the  same,  the  check  to  be  returned  when 
the  bids  are  opened. 

All  bids  must  be  submitted  on  blank 
proposals,  which  will  be  furnished  on 
application  by  the  County  Clerk,  or  John 
Latenser,  Architect. 

Samples  of  stone  and  granite  upon 
which  bids  are  based  must  accompany 
each  bid. 

Each  bidder  must  submit  with  his  pro- 
posal a  certified  check  in  a  sum  equal  to 
3  per  cent  of  such  proposal,  the  same  to 
be  drawn  in  favor  of  the  Board  of  Coun- 
ty Commissioners  of  Douglas  County, 
Nebraska. 

The  Board  of  County  Commissioners 
reser\'es  the  right  to  reject  any  and  all 
bids.  D.    M.    HAVERLY, 

County  Clerk.   Omaha,    Neb. 


1-    1   /    K        .-^   .\    1.    1. 

A  Complete  Course 
In    Architectural    Drawing 

ui«- in,lii»^;  rcK-rciu  I-  iil.'i.ti\,  tir.tuuig 
outtit,  etc.  Only  one  Ic^^dii  taken. 
W ;'.'.    ••.':','    f  r    iine-thinl    <>rit;innl    >.<««t. 


i-'uk  s.\Li: 
Cyclopedia     of     Arcliitccturc, 
Carpentry   and   Building 

A.  S.  C.     10  handaome  voU.     Good  as  new,  tiftc<i 

hut  little       Will  u:)]  for  tI3  00 

".\N*.I.K."  Jt-i  ^-Ml  v*tii  .strt-ri.  ('ill(-.\<;() 


FOR  SALE 

No,  1  site  for  making  Ptjrt- 
land  Cement  and  generating 
electricity  in  West  Virginia 
on  the  Potomac  river,  2,.5U0 
water  horse  jiower,  inex- 
haustible supj)ly  of  material 
of  the  finest  quality,  fine 
shipping  facilities,  railroad 
and  C.&O,  canal,  Ver\- little 
cash  required  to  i>urchase 
til  is  valuable  property. 

W.I.     lll'(»r:TT, 

II  F..  Lixmt!!on  Siriii.  a.\LTIMORE.  MD. 


Winchester   Granite   Brici<   Co. 

Winchester  ,    Ky .  , 

Jan.    16,    1909 

Engineer ing-Contracting, 
Chicago  ,     111 . 

Dear    Sirs:  — 

Please    change  my    address 
to    the  above.      I    have    just 
secured   what   may  prove    an 
excellent    place,    as    a    result 
of   my    "WANT"    in    your    paper. 
I    had    also    several    other   good 
prospects.      Your    paper    gets 
results. 

Yours    truly, 

H.  B.  POPE.  E.  M. 


^    I  Need  A   ^ 
^  TRAINED 
Man 


"^  us,  I'm  surr\,  loo,  thai  >ou  cianol  fill  Ihv 
posilion.  but  what  I  need  is  a  trained  man  a 
m;in  \sho  thoroughly  understands  the  work." 
"No,  there's  no  other  position  open  wc'\'c 
hundreds  of  applicants  now  on  the  list  wail* 
in^  for  the  little  jobs.  This  position  calU  for 
a  Iraiaed  man.  Good  day.'* 
That's  it.     rtu'irS  a  biif  c.iii  i.T  •'  <•  trained  man— tbo  man  who 


'■  thf  bii:   (litni£H~thc    ' 
->nc  tliinu  l>eitcr  than     > 
..  . ,  ,iv  receive  tlio  trai' 
I      It  will  ctmt  <■! 
•  *w.  iind  have  ir 
I'nrii:..  over   4.000    MuUcm> 

bettor 
and   hit;  -^        .•••••••«• 

thrnuuh    1    C.  N.  tram 
inff.  In  vourowmhnnir. 


an  cxprri  and  can 


-'  VOU  in  the  class 
up  to  mail  (he 

untarily    reported 


Inlrraalional  CorrrApondrnce  SchuuU 
Bot  111*.  Scranivo.  Pa. 


Muik,.  I  he  1.  C  .  >,  can 
help  you.  Mail  t ho 
cnut>on  NOW  and  learn 
all  about  it. 


Pl«at«  »««il  nir  < 

AVtm/ 

Strtet  and  Sc^ 


IN  WRITING  to  our  Advertisers  for  CATALOGS  or  PRICKS    Please  mention   KNGINEERING-CONTRACTING 
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ENGINEERING-CONTRACTING 


\'nl.     XXXI.        X( 


WANTS 

Undisplayed  Cards  under 
this   heading    cost   only 

One  Cent  a  Word 

Displayed  $1.00  an  Inch. 


WANTED— PARTNER  witli  $20,000  by  con- 
tracting firm.  Address  Lock  Box  3,  knier- 
im.    Iowa.  5-5t 

WANTED  —  RECENT  ENGINEERING 
GRADUATES  for  chalnmen.  draftsmen, 
etc.  Address  Box  199.  General  Post  Office, 
New   York  City.  5-lt 

WANTED  —  SUPERINTENDENT  for  con- 
struction of  New  York  State  Highway. 
Address  A.  care  of  Engineering-Contract- 
ing, 721  Park  Row  Bldg..  New  York.       5-lt 

AA'ANTED  —  SECOND  -  HAND  STREET 
SPRINKLER.  6-inch  tires.  State  prcs.-nt 
location.  Address  B.  care  of  Engineering - 
•Contracting.  721  Park  Row  Bldg.,  New 
York.  5-lt 

POSITIONS  WANTED  —  Two  engineers, 
technical  men,  e.xperts  in  highway,  sewer 
and  concrete  construction,  wish  partner 
with  plant.  Address  Box  85,  Engineering- 
Contracting.   355   Dearborn  St.,    Chicago. 

WANTED— POSITION.  Steam  shovel  engi- 
neer, 10  years'  experience  on  all  makes. 
First-class  mechanic.  Able  to  make  any 
repah's.  Address  R.  B..  care  of  Engineer- 
ing-Contracting. 721  Park  Row  Bldg..  New 
York.  "   5-lt 

WANTED— POSITION— Civil  engineer  who 
has  been  superintendent  on  sewer,  con- 
crete, highway  and  water  works  construc- 
tion wishes  position  with  engineer  or  con- 
tractor. Address  Box  S3,  Engineering- 
Contracting,    355   Dearborn  St.,    Chicago. 

WANTED— POSITION  as  chief  clerk  or  as- 
sistant superintendent.  Young  man  2S 
years  old.  Familiar  with  railway  con- 
struction, mining  and  quarrying.  Experi- 
ence in  the  states,  Canada  and  Newfound- 
land Can  give  best  of  references.  Address 
A.   L.  Miller,  Safe  Harbor,  Penna. 

WANTED— POSITION  as  chemist  or  chem- 
ical engineer  by  graduate  of  leading  tech- 
nical school.  Has  had  several  years  of 
practical  experience  and  can  fill  respon- 
sible position.  Best  of  references.  Ad- 
dress Box  "P.  C."  care  Engineering-Con- 
tracting. 721  Park  Row  Bldg.,  New  York 
City.  17-tf 

WANTED  —  POSITION  with  contractor. 
Have  had  six  years'  experience  as  engi- 
neer, chiefly  on  railway  work.  Prefer  con- 
crete work;  location  not  important.  If 
there  is  a  vacancy  on  your  staff  let  me 
hear  from  you.  Address  Box  77,  care  of 
Engineering-Contracting.  355  Dearborn  St., 
Chicago. 

WANTED— POSITION  —  Young  man.  28, 
graduate  in  civil  engineering  from  first- 
class  college,  desires  position  with  engi- 
neering company.  Four  years'  experience 
as  instructor  in  civil  engineering  in  two 
first-class  colleges.  Some  practical  experi- 
ence at  odd  times.  Address  Box  86.  care 
of  Engineering-Contracting,  355  Dearborn 
St.,   Chicago. 

WANTED— POSITION— Young  man,  for  sev- 
eral years  associated  with  large  corpora- 
tion as  chief  engineer's  assistant,  is  open 
for  engagement.  Experienced  in  maintain - 
ance  and  construction  of  manufacturing 
plants.  Location  no  object.  Address  Box 
82.  Engineering-Contracting,  355  Dearborn 
St.,  Chicago. 

WANTED— POSITION— Graduate  civil  engi- 
neer, 11^  years'  experience  in  general  in- 
strument work,  desires  position  with  en- 
gineer or  contractor  or  firm  engaged  in 
construction  work;  location  immaterial: 
moderate  salary  to  start;  Al  references. 
Address  Box  90.  care  Engineering-Con- 
tracting.  355  Dearborn    St., '  Chicago.       4-3t 

WANTED— POSITION.  By  structural  engi- 
neer as  superintendent  of  erection.  Have 
had  charge  of  heavy  bridge  and  building 
erection,  also  concrete  press  and  founda- 
tions; capable  of  estimating  erection  in  all 
branches  and  expert  designer  of  travelers 
iii'ri  falsework.  Cheap  methods  of  keeping 
cost,  etc.,  at  a  minimum.  Excellent  refer- 
ences from  previous  employers.  Address 
Bn\  98,  care  of  Engineering-Contracting, 
355  Dearborn  St..  Chicago.  5-2t 


WANTS 

Undisplayed  Cards  under 
this    heading    cost   only 

One  Cent  a  Word 

Displayed  $1.00  an  Inch. 


WANTS 

Undisplayed  Cards  under 

this    heading    cost    only 

One  Cent  a  Word 

Displayed  $1.00  an  Inch 


POSITION— WANTED— Experienced  gradu- 
ate civil  engineer  desires  position  with 
contracting  firm;  salary  no  object.  Ad- 
dress Box  96,  care  of  Engineering-Con- 
tracting,   355   Dearborn    St.,    Chicago.       4-2t 

WANTED  —  SECOND-HAND  TRANSIT 
AND  LEVEL.  Good  condition.  Must  be 
clieap.  Address  Bo.x  89,  care  of  Engineer- 
ing-Contracting, 355  Dearborn  St.,  Chicago, 
111. 

WANTED— POSITION— Graduate  civil  engi- 
neer,  27,  desires  position  on  municipal  work 
or  reinforced  concrete  construction.  Now 
employed,  but  prefer  better  location. 
Box  87,  care  of  Engineering-Contracting. 
355  Dearborn  St.,  Chicago.  2-5t 


WANTED— POSITION— Mechanical  and  civ- 
il engineer,  four  years'  experience  as  con- 
tractor's superintendent,  highway,  railroad 
and  building  construction,  wants  position. 
Address  Box  84,  Engineering-Contracting, 
355    Dearborn   St.,    Chicago. 

WANTED  —  POSITION  as  superintendent 
with  contracting  or  engineering  firm  by 
man  who  has  had  broad  experience  in  all 
sorts  of  foundation  work  and  general 
building  construction.  Address  "C.  P.," 
721   Park  Row  Bldg.,   New  York. 

WANTED— SITUATION— Young  man,  tech- 
nical  graduate  from  first-class  university, 
desires  lionorable  position  with  engineer  or 
construction  company.  Middle  or  north- 
west preferred.  Address  Box  74,  care  En- 
gineering-Contracting, 355  Dearborn  St., 
Chicago.  3-4t 

WANTED— POSITION— 'Engineer  (married) 
wishes  change.  At  present  employed  on 
large  contract.  Good  reason  given.  South 
or  Southwest  preferred.  At  present  assis- 
tant engineer.  Address  Box  78,  care 
Engineering-Contracting,  355  Dearborn 
St..    Chicago,    111.  1-tf 

WANTED— POSITION  —  Ornamental  iron 
draftsman,  broad  experience  high  grade 
work,  stairs,  elevator  enclosures,  bank 
interiors.  desires  change.  Permanent 
growing  position,  preferably  executive. 
Address  Box  79,  care  of  Engineering- 
Contracting.  355  Dearborn  St.,  Chicago. 
111. 

POSITION— WANTED— Graduate  civil  engi- 
gineer  desires  position  with  reliable  bridge 
company;  can  figure  stresses  and  learn  to 
estimate;  experienced  in  transit  work  and 
drafting;  age  27;  single;  can  report  on 
short  notice;  references  furnished.  Ad- 
dress Box  95,  care  of  Engineering-Con- 
tracting,  355   Dearborn   St.,    Chicago.   4-3t 

WANTED  —  POSITION  —  Graduate  Civil 
Engineer.  27;  now  employed;  prefers  posi- 
tion as  draftsman  or  as  assistant  in  rein- 
forced concrete  or  bridge  design.  Has 
completed  courses  in  mechanics,  strength 
of  materials,  hydraulics,  masonry  con- 
struction, graphic  statics,  reinforced  con- 
crete, roofs  and  bridges.  Experienced  in 
transit  work  and  general  ofBce  drafting. 
Address  Box  81.  care  of  Engineering-Con - 
tracting,  355  Dearborn  St.,  Chicago. 

WANTED— POSITION— Good  Roads  Super- 
intendent available  January  1.  1909.  Ten 
year's  practical  experience  in  charge  of 
brick,  macadam,  telford  macadam,  street 
paving,  wheelscraper  and  steam-shovel 
grading,  reinforced  concrete  Viridges.  cul- 
verts, up-to-date  stone  crushing,  concrete 
mixing  plants  and  quarry  work  plants,  etc. 
First-class  references  from  present 
employers.  New  Y'ork  or  Pennsylvania 
preferred.  Age  32.  Address  Box  80,  care 
Engineering-Contracting.       355       Dearborn 

St..    Chicago.    111. 

YOUNG  GRADUATE  ENGINEER  with  capi- 
tal desires  to  associate  himself  with  firm 
of  consulting  engineers  or  contractors. 
Experience  includes  railroad  work,  field 
and  office,  instructor  in  C.  E.  in  large  uni- 
versity and  engineer  in  charge  on  big  con- 
struction job;  also  general  business  train- 
ing as  auditor  for  large  Southern  lumber 
company;  at  present  in  hydraulic  depart- 
ment of  large  engineering  firm  and  desires 
particularly  similar  work  in  the  Western 
States;  could  invest  $1,500  to  $2,500;  age 
26;  correspondence  solicited.  -\ddress 
Box  94.  care  of  Engineering-Contracting, 
355  Dearborn   St..  Chicago.  4-2t 


WANTED— POSITION.      Civil    engineer  with 

20  years'  experience  desires  position  as 
locator,  resident  on  construction  or  assist- 
ant on  maintenance.  Al  references.  Ad- 
dress  Box   43.   .\mboy.   111.  5-4t 

WANTED— POSITION.  Concrete  general 
superintendent.  Technically  educated.  Me- 
dium cost — maximum  work.  Have  done  it 
before — can  do  it    for  you.     Address  G.    13- 

21  Park  Row,  New   York  City.  5-lt 

WANTED— POSITION— Salary  no  object; 
engineering  graduate  with  some  experi- 
ence; will  go  anywhere.  Give  me  a 
chance.  Address  Box  92,  Engineering- 
Contracting,     355     Dearborn     St..     Chicago. 

4-4t 

WANTED— POSITION  —  Graduate  engineer 
with  6  years  of  valuable  experience  in  all 
classes  of  railway  woi-k;  will  accept  any- 
thing witli  railway  or  contractor;  knows 
he  can  make  good.  Address  Box  93,  En- 
gineering-Contracting, 355  Dearborn  St.. 
Chicago.  4-4t 

WANTED— POSITION.  Young  man  (26) 
with  clean  record  and  five  successful  years 
in  engineering,  sales  and  construction  lines 
open  for  responsible  position  in  operating 
department  of  nianufacturing  concern;  col- 
lege graduate.  At  present  employed.  Ad- 
dress Box  97,  care  of  Engineeiing-Con- 
tracting.  355  Dearborn  St..  Chicago.       5-lt 

WANTED— THREE  COMPETENT,  EX- 
PERIENCED MEN  IN  CONCRETE 
WORK:  One  for  sidewalk  and  finishing; 
one  for  manufacturing  drain  tile;  one  for 
reinforced  and  general  concrete  work;  to 
take  active  part  and  some  stock  in  an 
established  company.  Address  FAIRMONT 
CE.MENT  STONE  MFG.  CO.,  Fairmont, 
Minn.  4-3t 


WANTED— POSITION  —  General  foreman 
wants  position.  Sewer,  paving,  plain  and 
reinforced  concrete  buildings,  culverts, 
sewers,  floors,  curb,  gutter,  and  granitoid 
walks.  No.  1  reference.  Can  measure,  lay 
out  and  figure  same.  Can  use  transit  and 
level.  Familiar  with  cost  of  above.  Ad- 
dress Box  88,  care  of  Engineering-Con- 
tracting, 355  Dearborn  St.,  Chicago,  III.  3-3t 


ENERGETIC   SALESMAN 
Engineer  and  contractor  desires  to 
handle  a  line  which  would  interest 
contractors. 

Address,  Capable,  care  of  Ensineerins-Conlractlng 
13-21  Park  Rmv.  New  York 


STUDY  OUR 

CONCRETE 

COURSES 

Reinforced  Concrete   Design ;  Con- 
crete Construction  and  Contracting. 

Circular  Explains 

CONCRETE     ENGINEERING 

584  Caxton  Bldg.,  Cleveland 


Can  You  Control  $10,000 
or  Promote  a  Company? 

The  advertiser  has  a  proposition  in  contract- 
ing machinery  that  is  a  labor-saver  and  there 
is  absolutely  no  competition. 

The  machine  will  transfer  earth  as  gathered 
by  wheel  or  buck  scrapers  onto  wagons  at  a 
cost  of  two-thirds  of  a  cent  a  cu.  yd.  and  will 
eliminate  long  scraper  hauls  and  hand 
shoveling. 

Address  3338  17th  N.  W..  Washington,  D.  C. 


February  lo,  1909. 


ENGINEERING-CONTRACTING 


lo.^ 


i 


Engineering-Contracting  *^"'  teMifymg  as  a.,  cxp^n  on  cosw  of 

A  WC.VIV  -Mrthcu  .nd  Co.."  Journal  construction.     We  showed  also  that  this  in- 

lor  Ovil   KiiKinrrn  «nj  OjntriKtor-,.  volvcs  thc  ability   to   prcscnt   a   tabulation 

WITH  WHICH  AKn  cumszu  ^f  ,^p  pl3„,  required,  its  detailed  first  co<.t 

ENQI NEGRI NQ    WOkLU  ^^j  p^sI  of  niaintenance,  and  an  itemized 

estimate  of  thc  niiml)rr  and  classes  of  men 

Contract  news  ^^  ^^^  ^.^^.^^  rcfiulrcd  to  operate  the  plant. 

PuUUh.d  every  Wcdne.d.y  by  together  witli  their  respective  wages.     Hav- 

THE  .MYRON  C.  CURK  PUBLISMINfl  CO.  .^^  „,„^   j,^^i^^,,  ^„j   ,^,,„,^,^.j  „,^  j^jj^ 

J55  DcartHjrn  Sirccl.  ChkaKu  ,                 .               j   i        •             .■        .     i 

Tricphoo.  lUrrtBo  6i«  cxpcnse  of  Operation,  and  having  estimated 

.N«w  YoRic  Orric:    13-21  P«W  Row  «he  average  number  of  units  of  work  per- 

Tfiriihonc  M13  cortiandi  formcd   daily,   a   unit   price   is   arrived   at. 

.  ■  .-.-.■■■           ..               .-       ~  upon   which   thc   expert   witness   can   stand 

HALBERT  P.  GILLETTE    .    .    Ma.sai-.ixg  buiTOK  '^                             .        :                       .         i          ■  l 

DANIEL  J.  lt.\UER,"l  ^"y  cross-cxamination   as   to  details   with- 

c"t%Ur"r\y'          r     •        Associ.Ti!  Ei-iToM  out   fear  of  contradicting  himself.     But  if 

PA   SMITH     '         J  ^'^  8*"^*   upon   thc   witness    stand    without 

MYRON  C  CLARK Pbksidbst  such  an  analvsis  prepared   in   advance,   he 

A    B    GILBERT    ....    Advertisint.  Manager  -      i-.    i      •      c    j    u-         ir    j               •    •        .i 

ft.  u.  mi^uciM                                          jj   hkely   to   find   himself   drawn   into    thc 

SURSCRIPTIOX  RATES  {Payablt  in  Ailvanery—  making  of  an  ex   tempore  analysis   which 

Si.OO  J  ytar  iSi  issuts)  tn  U titled StaUs .  (  uhj.  Mex-  t          .j  rnntriiWctnrv 

Vo  Aljiicj.  Hau'oti.  Guam,  rorto  Kko.  l-hilipri»*  '"^i  be  sell-contradictor>. 

'Jj'f^lj^'*"'''''''! '""'"""■  ^"'^^"'"'"^''''"^  An   expert    witness    is    permitted    to    re- 

S3.00  a  ytar  (11  issues)  to  naminion  of  Canada.  fresh  his  memory  from  written  notes,  but 

S-i.OO  a  year  (iiissMsMo  all  other  countries.  |,e  ought  to  memorize  the  important  items 

ADVERTISING  RATES  stnt  on  apflicattoH.  ^„^   ,|,p   jotal    unit   costs,   not   only   on   ac- 

S^flau.;  S'prid a'/p'^^'Jd'ln^d"  e^;f'.^«^  count  of  the  moral  effect  upon  thc  court. 

ri'*^*!-",  '.!  '°  app""'-      Proposals. '  "^^an"   and  {,„(  j^  enable  him  to  meet  anv  important  in- 

Por  Sale     announcements  can  be  inserted  as  late  -         ' 

■s  Tuesday  morninis.  quiry  on  the  instant.     For  example,  a  wit- 

_  .  _.       ,    ,      ,,„  .„  ■, ,,   ,om  .,  ,x^  ness  on  concrete   should  ccrtainlv  be  able 

Entered  a<  second-rla'is  matter.  Apni  17.  I9u7.  at  tna 

Po>t  Office  at  ciiicaKo,  Illinois,  under  act  of  March  to  give  off-hand  the  amount  of  cement  per 

ad.  1879.  ,  .              ,      s  ,    n   -        •    . 

■ —            -  cubic  yard  of  1  :!:  :o  mixture. 

CONTENTS  An  expert  witness  will  often  have  his  cx- 

—  perience  attacked,  and  at  times  the  attempt 

,,  is  made  to  disqualifv  him  for  lack  of  e.x- 

Editorial:  ^.     ^  ...  •   . 

The  Preparation  of  Expert  Testimony  perience.     Disqualification     seldom     occurs 

on  Costs  of  Construction 103  unless   a   knowledge   of   specific   prices   or 

Concrete  Section  :  wages  at  a  specific  time  and  place  is  in- 

The  App  icabi  itv  and     Economy     of  i     j     t                             .  u-    „     „  -  „  ,i 

Concrete   and  "Reinforced   Concrete  ^"'^•^d.     In  case  an  expert  has  no  personal 

for  Subway  Construction 104  knowledge   of    such    prices,    he    should    be 

The  Economics  of  Graded  Concrete.  .106  preceded    by   witnesses     who     have     such 

Cost    of    Metal    Forms    for    Concrete  knowledge.     Then   the   expert   can   answer 

Buildme  Work   lOo  ,        ..    .•    ,           ,•                  „•        -i. 

The    Resilience    of    Reinforced    Con-  any  hypothetical   questions,    assuming    the 

Crete   107  prices  upon  which  testimony  has  been  given. 

The   Herringbone  Trussed   Bar 108  p^;^^^  ^j  materials  can  be  established  by 

E.\RTii  AND  Rock  Section:  ,      .         .      .         ,      ■  .   ,         .    . 

A    Hi«h    Cost    of    Earth    Excavation  "'e  introduction  of  printed  market  reports, 

With    Dump    Carts ..109  if  such  are  available.     Rates  of  wages  can 

Comments  on  the  Use  of  Wagons  in  be  established   from  the  evidence  of  labor 

Transrorting  E.irth     ... 109  j^           „^^  ^            ^^    ^^^,5    „^gj 

A  New  Hose  for  Rock  Drills HI  ''    ,                       ,  ,         ,   j         ,      •            j 

Roads  and  Streets  Section:  not  have  personal  knowledge  of  prices  and 

Methods    of    Preventing    D.image    to  wages  at  any  given  time  or  place. 

t^r^Ca^rs'^""'  ^^  "'^''  ^'!'!':'*.^'°'ll2  I«   ''  practically  impossible  to  disqualify 

Cost   of   Patching   Asphalt'  Pavement     "  an  expert  on  costs  for  lack  of  experience. 

Using  a  Small  Repair  Plant 115  It  has  been  held  by  thc  courts  that  a  stu- 

General  Section  :  jent  of  medicine  who  had  not  vet  received 

^Sr"   Fxpe"nsr.'°"."!.     '.       "'.UG  his  degree  could  testify  in  a  medical  case. 

An  Adjustable  Steel  Drawing  Tabic.  118  using  only  the  knowledge  gained  under  his 

Letters  to  the  Ehitors  :  professors  and  from  the  reading  of  books. 

Wages  on   the   Panama   Canal— Rein-  ,5^^  Waifs  "Engineering  and  Architectu- 

forced  Concrete  Boats  in  Italy— Thc  ,   »     •          i          ••\ 

Meaning  of  Cost   Per  Square  Foot  "I  Jurisprudence.  ) 

of    Surface    Contact    for    Concrete  Some   lawyers   seem   to   think   that   they 

Forms — A  Method  of  Keeping  Cost  pan  weaken  the  testimony  of  a  cost  expert 

Records  —  Publishing    Engineering^ ^^  jj  ,^^y  ^^^  ^^^^  ,,i^  .,j^it  ,,,3,  ,,p  ^ij  not 

PEBSONATr*^.*.  .'.'.'.'.'.'.'.\'....'..   120  himself  personally  keep  thc  time  books  and 

CATAI.OCS  Worth  Having 120  make  thc  measurements  of  classes  of  work 

-_               -                                                     -  done   under  his  direction  and   used  as    .1 

.„,       „              ^.          ,  _              _     ..  basis  for  his  estimates  of  cost.    The  expert 
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on  Costs  of  Construction.  „,.„^.5  ^^^  ;„   ,[,<.  i^ast   weakened  by  any 
In  our  issue  of  Jan.  13.  1909,  we  pointed  I.ick  of  personal  attention  to  all   such  de- 
out  the  necessity  of  being  prepared  to  sub-  tails.     Following  such  a  line  of  "logic,"  the 
mit  a  complete  analysis  of  every  unit  cost  expert    would    have  to  state  that  he  had  held 
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both  ends  of  a  luO  ft.  tape  himself  at  once 
Thc  expert  need  only  show  that  he  partici- 
pated in  the  work,  or  supervised  it,  or 
checked  it,  and,  by  virtue  of  this  participa- 
tion, supervision  or  checking,  was  able  to 
obtain  a  reasonably  exact  knowledge  of 
costs. 

An  expert  should  never  hesitate  to  go 
beyond  his  own  personal  records  of  cost  in 
establishing  his  qualifications.  He  should 
cite  the  authorities  that  he  has  studied,  and 
should  establish  in  the  mind  of  the  court 
the  fact  that  he  has  made  a  study  of  costs, 
using  all  available  sources  of  information 
While  it  is  true  that  a  book  cannot  itself  Ik- 
placed  in  evidence  to  substantiate  thc  state- 
ments of  an  expert  witness,  still  thc  wit- 
ness can  assert  that  his  conclusions  are  in 
accord  with  the  printed  records  of  authori- 
ties on  the  subject.  There  are  three  dis- 
tinct classes  of  scientific  information  in 
engineering  books :  First,  records  of  phys- 
ical or  chemical  tests :  second,  records  of 
actual  output  or  work  done  by  men  or  ma- 
chines ;  third,  expressions  of  the  author's 
opinion  as  to  either  of  the  above — the  au- 
thor's deductions. 

It  would  seem  to  be  clear  that  an  au- 
thor's conclusions  should  not  be  read  to  a 
court,  for  the  author  was  not  under  oath 
when  he  wrote  his  conclusions  and  cannot 
be  cross-examined  as  to  the  basis  for  his 
conclusions.  On  the  other  hand,  it  seems 
equally  clear  that  printed  records  of  phys- 
ical tests  on  materials  should  be  admissi- 
ble, just  as  printed  records  of  market  prices 
are  admissible.  For  the  same  reason  rec- 
ords of  the  output  of  men  or  machines  un- 
der stated  conditions  should  be  admissible. 
In  the  "South  Dakota  rate  case."  before 
the  supreme  court  of  that  state,  an  expert 
was  permitted  to  cite  records  from  a  book 
giving  the  annu.il  we.Tr  of  rails  under  .i 
given  traffic. 

When  a  book  is  to  be  used  m  this  m.iii- 
ner  its  authority  must  be  first  established 
by  testimony.  For  further  information  on 
this  phase  of  "expert  testimony,"  the  reader 
is  referred  to  Wait's  excellent  chapter  on 
the  subject  in  his  "Engineering  and  ,^r.-Il;. 
tectural  Jurisprudence." 

I-awyers  are  frequently  disposed  to  \  icw 
with  apprehension  the  introduction  of  tes- 
timony in  their  client's  behalf  by  an  engi- 
neering expert  who  has  written  an  article 
or  a  book  on  thc  subject,  fearing  that,  in 
thc  cross-examination,  statements  from  the 
liook  or  article  will  be  read  to  contradict 
thc  expert's  testimony.  He  is  a  poor  au- 
thor indeed  who  docs  not  know  his  own 
writings  In-ttcr  than    any    cro-  ■  c: 

attorney,   and.   if   the   expert   !  o 

truth,  any  attempt  to  break  down  his  tes- 
timony by  selected  quotations  from  his  own 
works  will  simply  serve  to  strengthen  bis 
evidence. 

.\t  times  a  cross-examining  lawyer  will 
attciniit  to  make  it  appear  that  thc  expert 
who  is  an  author  is  nothing  but  an  aiillior. 
This   is  apt  to  be  done  where  the  cross- 
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examining  attorney  is  "coached''  by  a  so- 
called  "practical  man"  who  has  an  elevated 
contempt  for  any  knowledge  that  has  been 
reduced  to  writing.  Usually,  however,  the 
man  who  is  capable  of  collecting  and  ar- 
ranging facts  for  publication,  coupled  with 
an  ability  to  present  the  matter  clearly  and 
logically,  is  a  man  capable  of  convincing  a 
court  that  his  having  spent  the  time  to  do 
so  is  no  indication  of  his  inexperience. 

An  expert  who  is  perfectly  reliable  in 
his  memory  of  unit  costs  is  frequently  apt 
to  find  his  memory  at  fault  as  to  total 
quantities  and  as  to  dates  of  events.  A 
sharp  cross-examining  lawj'er  will  seize 
upon  any  discrepancies  of  this  kind  to 
prove  that  the  witness  whose  memory  is  at 
fault  in  one  class  of  information  is  at  fault 
in  other  classes.  Such  a  lawyer  will  often 
carry  the  w'itness  into  great  details  as  to 
the  size  of  a  structure  built  by  him,  time 
of  building,  quantities  involved,  contract 
prices,  etc.  Therefore  an  expert  should 
refresh  his  memory  from  his  records,  and 
should  enter  all  important  matters  in  a 
note  book  to  be  used  on  the  witness  stand 
if  necessary. 

It  will  be  seen  from  this  brief  outline 
that  the  commonest  mistake  that  expert 
witnesses  make  is  going  on  the  stand  un- 
prepared. After  visiting  the  site  of  the 
work  about  which  the  testimony  is  to  be 
given,  an  expert  should  usually  have  at 
least  two  days  in  which  to  do  nothing  but 
study  the  plans  and  specifications  and  pre- 
pare his  detailed  estimate.  Often  it  takes 
much  longer.  He  should  then  be  cross- 
examined  severely  by  his  own  attorney  to 
ascertain  his  preparedness  and  his  knowl- 
edge. 

Under  cross-examination  a  witness  is 
often  asked  questions  the  answer  to  which 
may  involve  considerable  calculation  as  well 
as  reference  to  records.  In  such  cases  the 
witness  should  make  reply  to  the  effect  that 
he  will  need  time  in  which  to  consider  the 
matter  and  make  the  necessary  calculations 
and  that  if  allowed  to  retire  for  study  of 
his  records  he  will  prepare  the  answer. 

In  the  manner  of  delivering  his  testi- 
mony, whether  in  direct  or  in  cross-exam- 
ination, the  expert  should  avoid  an  argu- 
mentative or  biased  attitude.  He  should 
support  his  conclusions  with  the  strongest 
reasons,  but  he  should  be  free  to  admit  the 
existence  of  opposite  views  and  not  be 
dogmatic  in  his  rejection  of  all  ideas  that 
conflict  with  his  own.  In  a  word,  his  at- 
titude on  the  stand  should  be  judicial 
rather  than  argumentative,  or  perhaps  it 
would  be  better  to  say  that  his  attitude 
should  be  professorial — the  attitude  of  one 
who  is  expounding  or  teaching. 

It  is  hard  to  preserve  this  attitude  when 
one's  views  are  attacked  in  cross-examina- 
tion, but  it  can  be  done  by  any  one  whose 
temper  is  not  too  easily  rufHed,  and  espe- 
cially by  one  who  knows  his  ground  and  is 
certain  of  the  truth  of  the  facts  on  which 
he  has  given  testimony. 


Concrete  and  Reinforced  Concrete  Section 


Note: — This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  cover  the  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mixing,  transportation  and  placing;  fabrication  and  placing  of  reinforcement, 
and  form  construction  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


The    Applicability    and    Economy    of 
Concrete  and  Reinforced  Con- 
crete for  Subway  Con- 
struction.=■' 

BY     MR.     CHARLES     M.     MILLS. t 

( Broadly  speaking,  there  are  two  general 
types  of  concrete  construction  for  sub- 
ways or  underground  urban  passenger  rail- 
ways. The  first  type  consists  of  bents  con- 
sisting of  side  columns  and  roof  beams 
spaced  some  5  to  6  ft.  apart,  and  filled  be- 
tween with  concrete  jack  arch  enclos- 
ing the  steel  I-beams  which  are  generally 
used  for  both  columns  and  roof  girders. 
For  2,  3  or  4  track  subways  the  bents  con- 
sist of  1,  2  or  3  intermediate  columns,  be- 
sides the  wall  columns,  and  these  inter- 
mediate columns  may  or  may  not  be  em- 
bedded in  concrete.  The  second  type  of 
construction  consists  of  reinforced  con- 
crete slab  walls  and  either  reinforced  slab 
or  slab  and  girder  roofs.  The  intermediate 
supports  for  the  roof  for  two  or  more 
tracks  are,  as  in  the  first  type,  usually  steel 
columns ;  there  are  no  steel  wall  columns  or 
roof  girders.  The  first  type  of  construc- 
tion is  the  one  which  was  used  on  all  but 
a  small  portion  of  the  original  New  York 
Rapid  Transit  Subway;  a  small  part  of  the 
original  line  was  of  the  second  type  of 
construction  and  practically  all  recent  lines 
are  also  of  this  type.  The  second  type  of 
construction  has  been  used  nearly  through- 
out for  the  Philadelphia  Rapid  Transit 
Subway.  In  the  paper  which  we  present 
below  these  two  types  of  subway  construc- 
tion are  compared  on  the  basis  of  relative 
economy.  As  this  is  a  comparison  of  dis- 
tinct authority,  Mr.  Mills  being  the  assis- 
tant engineer  in  charge  of  construction  of 
the  Philadelphia  subway,  and  as  subways 
are  almost  certain  to  be  constructed  in  in- 
creasing numbers  in  the  larger  cities  as 
time  goes  on,  we  have  made  copious  ex- 
tracts from  Mr.  Mills'   remarks. — Editors.) 

The  adaptability  and  advantages  of  con- 
crete, both  plain  and  reinforced,  to  sub- 
ways is  so  complete  in  most  respects  and 
is  so  well  understood  that  only  the  salient 
features  will  be  noticed,  with  general  ref- 
erence to  economies. 

Sidezvall  Construction.  —  For  sidewalls, 
sustaining  earth  pressure,  as  well  as  verti- 
cal loads,  reinforced  concrete  is  especially 
advantageous   since   the    thickness    may   be 
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made  but  a  fraction  of  that  required  for 
walls  of  brick  or  stone  masonry.  Thin 
sidewalls  reduce  the  width  of  the  trench 
to  be  excavated,  an  important  and  costly 
item  of  work  in  city  streets.  They  are 
also  usually  necessary,  since  the  available 
space  under  the  beds  of  streets  is  frequent- 
ly limited,  either  by  existing  structures,  or 
by  the  necessary  reservations  for  sewers 
or  other  underground  structures,  as  mu- 
nicipal  requirements   increase. 

Thin  walls  also  may  be  built  with  ver- 
tical I-beams  to  resist  the  earth  pressure, 
with  vertical  jack  arches  of  concrete  be- 
tween them.  The  cost  of  such  walls  is 
slightly  more  than  for  those  of  reinforced 
concrete,  the  comparison  of  cost  including 
many  details.  The  I-beams  are  usually  12 
or  15  ins.  deep  and  spaced  5  to  6%  ft. 
apart  on  centers,  and  require  some  thick- 
ness of  concrete  back  of  them  to  cover  the 
outer  flanges.  In  addition,  the  protection 
of  the  beam  from  corrosion  and  the  fact 
that  the  wall  is  pierced  every  5  or  6  ft.  by 
the  beams  renders  waterproofing  neces- 
sary. The  placing  of  waterproofing,  from 
the  interior  of  the  trench,  requires  a  thin 
wall  of  brick  or  concrete  outside  of  the 
beams.  The  total  thickness  of  such  com- 
posite walls,  without  concrete  covering 
over  the  inner  flanges  of  the  beams,  is  usu- 
ally from  21  to  24  ins.  The  inner  flanges 
of  the  beams  being  uncovered  require 
painting,  which  entails  a  maintenance 
charge.  If  the  inner  flanges  of  the  beams 
are  covered  with  concrete,  the  total  thick- 
ness of  the  wall  is  increased,  and  this, 
with  the  details  requisite  efficiently  to  se- 
cure the  concrete  to  the  flanges,  are  addi- 
tional items  of  expense.  Little  advantage, 
if  any,  in  supporting  traffic  during  con- 
struction is  afforded  by  the  beams,  unless 
steel  roof  beams  are  used,  since  the  tim- 
bering required  prior  to  the  erection  of 
the  beams  may  readily  be  designed  to  ful- 
fill this  purpose. 

The  sidewalls  of  reinforced  concrete 
considered  in  the  comparison  of  cost  are 
taken  24  ins.  thick,  though  16  ins.  would 
usually  suffice  to  sustain  all  the  stresses, 
the  additional  8  ins.  or  50  per  cent  being 
placed  for  practical  considerations,  partly 
construction  details  and  partly  to  diminish 
liability  of  leakage.  As  the  thickness  of 
the  wall  is  increased  for  the  reasons  stated, 
the  quantity  of  main  reinforcement  is  di- 
minished with  a  resulting  saving.  No 
waterproofing  is  considered  in  the  rein- 
forced concrete  sidewalls,  since,  with  lon- 
gitudinal   reinforcement     properly     proper- 
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(ioned  and  distributed  in  the  walls,  and 
with  the  cement  and  concrete  aggregates 
properly  proportioned,' made  to  a  wet  con- 
sistency and  well  placed  in  the  forms,  the 
use  of  waterproofing  in  reinforced  con- 
crete sidewalls  is  unnecessary  under  all 
heads  of  ground  water  liable  to  exist  in 
ordinary  subway  construction,  thus  elimi- 
nating many  troublesome  details  and  sim- 
plifying the  work. 

An  advantage  of  reinforced  concrete 
sidewalls  with  longitudinal  reinforcement 
is  that  no  expansion  joints  arc  rc<|uircd, 
an.l  Ion?  stretches  of  wall  may  lie  built 
without  cracks  due  to  changes  of  tempera- 
ture or  to  shrinkage,  or  to  be  more  exact, 
with  such  a  multiplicity  of  distributed 
minute  cracks  that  they  are  harmless,  and 
invisible  except  under  the  closest  scrutiny. 
The  longitudinal  reinforcement  may  be  va- 
ried to  meet  the  various  conditions,  and 
to  produce  lesser  or  greater  capacity  to 
resist  leakage,  as  desired. 

The  simplicity  and  superior  water  tight- 
ness of  well  designed  reinforced  concrete 
sidewalls  makes  them  worth  more  than 
walls  of  beams  and  concrete  jack  arches, 
even  though  local  conditions  might  show 
a  slight  saving  in  first  cost  of  the  latter. 

It  is  probable  that  in  most  cases  the  first 
cost  of  reinforced  concrete  sidewalls  will 
be  a  little  less  than  that  for  the  other  type, 
but  the  difference  will  be  a  small  percent- 
age of  the  whole  cost. 

Roof  Construction. — In  the  use  of  re- 
inforced concrete  for  subways,  both  for 
sidewalls  and  roofs,  slabs  of  uniform  thick- 
ness have  generally  been  employed,  instead 
of  an  alteration  of  beams  and  slabs.  The 
refinement  of  workmanship  required  in 
placing  concentrated  reinforcement  in 
beams,  with  sheer  rods,  and  the  other  de- 
tails of  beam  and  slab  construction  is  in- 
judicious from  practical  considerations  in 
underground  work.  Such  work  is  usually 
done  in  restricted  space  and  with  artificial 
light,  so  that  good  workmanship  is  se- 
cured only  by  the  closest  supervision  and 
painstaking  inspection.  Though  there  bf 
no  desire  to  slight  the  work,  the  workmen 
are  out  of  sight  and  simplicity  of  details  is 
essential. 

Under  the  conditions,  the  cost  of  plates 
of  uniform  thickness,  considering  the  cost 
of  forms  and  their  handling  and  of  the  re- 
inforcement and  its  placing,  is  less  than 
that  for  an  alteration  of  beams  and  slabs, 
and  compensate  for  the  additional  material 
required. 

It  is  probable  that  with  the  advance  be- 
ing made  in  the  production  of  assembled 
reinforcement  handled  in  units,  construc- 
tion of  roofs  with  an  alteration  of  beams 
and  slabs  may  be  found  advantageous, 
since  economics  may  result  to  cnniprnsato 
for  the  additional  expense  now  entailed  by 
such  design,  and  methods  devised  to  secure 
good  work  under  the  difficult  conditions. 

Since  it  is  desirable  to  make  the  depth 
from  the   street   surface   to   the   passenger 


platform  as  little  as  practicable,  and  the 
distance  from  the  top  of  the  roof  lo  the 
street  surface  is  usually  determined  by  the 
space  necessary  for  the  water  and  ga.« 
mains,  electrical  conduits  and  other  un- 
derground structures,  the  arched  roof  is 
often  objectionable  owing  to  the  increased 
depth  of  the  structure  due  to  the  rise  of 
the  arch.  Flat  roofs  have  been  mostly  em- 
ployed with  a  moderate  slope  for  drain- 
age- 

Flat  roofs  are  built  of  cross  beams  or 
girders  with  jack  arches  of  concrete,  and 
also  of  reinforced  concrete  alone.  Due  to 
the  considerations  previously  described, 
the  reinforced  concrete  roofs  have  been 
of  plates  of  uniform  thickness. 

Since  the  drainage  grades  on  flat  roofs 
are  slight,  and  accidental  leaks  in  roofs 
are  more  objectionable  than  when  they 
occur  in  sidewalls  water-proofing  is  al- 
ways used. 

In  comparison  of  the  costs  of  roofs  the 
item  of  water-proofing  is  common  to  all 
styles  of  flat  roofs  and  reduces  the  ele- 
ments of  difference  to  the  other  features 
of   the   designs. 

The  execution  of  permaiient  and  water- 
tight roofs  with  beams  and  concrete  jack 
arches  involves  many  details  requiring 
care,  and  it  may  be  said  that  greater  sim- 
plicity and  superior  permanent  results  are 
obtainable  with  reinforced   concrete  alone. 

With  beams  and  jack  arches,  it  is  neces- 
sary to  introduce  reinforcement  to  prevent 
cracking  due  to  shrinkage  and  temperature 
stresses,  particularly  immediately  over  the 
beams  where  the  concrete  is  liable  to  crack 
and  cause  leaks,  water  tending  to  flow 
along  the  webs  and  flanges.  Reinforced 
concrete  in  such  places  is  superior  to  any 
other  available  material  in  securing  endur- 
ing and  water-tight  work.  Another  source 
of  leakage  where  beams  arc  used  is  the 
thinness  of  the  concrete  back  of  the  ends 
of  the  beams  where  they  rest  on  the  side- 
walls.  Such  roofs  require  careful  and  ef- 
ficient waterproofing,  and  but  little  depend- 
ence should  be  placed  on  the  waterproof- 
ing to  bridge  over  or  seal  cracks  in  the 
concrete. 

The  cost  of  flat  roof  with  transverse 
beams  and  jack  arches  of  concrete  is 
found  to  be  cheaper  than  reinforced  con- 
crete roofs  with  plates  of  uniform  thick- 
ness. This  is  partly  due  to  a  lack  of  econ- 
omy in  using  plates  of  uniform  thickness 
and  partly  to  construction  details. 

From  the  foregoing  it  appears  that  the 
first  cost  of  a  two-track  subway  with  re- 
inforced concrete  sidewalls  and  a  roof  with 
beams  and  concrete  jack  arches  may  usu- 
ally be  foimd  less  than  that  of  a  structure 
entirely  of  reinforced  concrete,  but  such 
inference  should  be  considered  with  cau- 
tion for  the  reasons  previously  indicated. 
The  difference  in  cost,  if  in  favor  of  the 
beams  and  concrete  jack  arches,  would  be 
but  a  small  percentage  of  the  entire  ex- 
pense.   On  the  other  hand,  the  permanent 


advantages  of  an  entire  reinforced  concrete 
structure  arc  markedly  great,  and  main- 
tenance charges  inseparable  from  compos- 
ite structures  of  structural  steel  and  con- 
crete are  eliminated. 

As  to  the  cost  of  various  types  of  struc- 
tures, it  is  possible  that  with  space  for 
masonry  sidewalls  in  a  subway  for  two 
tracks,  and  with  the  roof  in  one  span  and 
with  favorable  conditions,  economies  might 
result,  so  that  the  cost  of  such  a  structure 
as  a  whole  would  not  exceed  that  of  one 
with  thin  walls  of  reinforced  concrete  and 
might  be  less. 

Reinforced  concrete  permits  the  use  of 
arched  cross  sections  in  cases  where  plain 
concrete  or  brick  masonry  would  involve 
imcertain  stability  under  the  action  of  con- 
centrated loads,  particularly  with  the  prob- 
ability of  the  excavation  of  trenches  par- 
allel to  and  alongside  of  the  structure. 
Consideration  of  the  latter  contingency  is 
imperative,  due  to  the  growing  demand  for 
underground  service  for  public  utilities, 
and  the  gfrowth  of  municipal  improve- 
ments, by  which  increasing  space  is  re- 
quired beneath  the  streets. 

In  addition  to  the  sidewalls  and  roofs  of 
subways,  the  concrete  plain  or  reinforced, 
is  well  suited  to  the  construction  of  floors, 
inverts,  platforms,  stairways  and  other 
parts  of  underground  railways.  By  using 
the  precautions  to  exclude  water  by  pro- 
portioning the  constituent  and  reinforce- 
ment concrete  may  be  used  for  inverts  or 
floors  to  better  advantage  than  any  other 
known  material.  This  statement  applies 
also  to  pumps,  pumping  chambers,  under- 
ground passages  and  other  deep  construc- 
tion, good  results  being  attainable  with 
less  expense  than  with  any  other  material 
and  with  much  less  difficulty. 

.\n  interesting  demonstration  of  the  ad- 
vantages of  reinforced  concrete  occurred 
in  the  building  of  the  Market  Street  sub- 
way in  Philadelphia,  between  the  City 
Hall  .ind  the  Schuylkill  River,  at  21st  St. 
.•\  large  water  main  on  the  north  side  of 
the  street  parted  at  the  junction  with  a 
main  on  21st  St..  the  rush  of  water  exca- 
vating a  large  hole  in  the  street  and  carry- 
ing the  debris  into  the  uncompleted  sub- 
way. A  small  egg-shaped  reinforced  con- 
crete sewer  built  as  part  of  the  drainage 
diversion  caused  by  the  subway  construc- 
tion, sustained  itself  as  a  bridge  with  a 
clear  span  a  little  over  40  ft.  wide,  and 
not  only  carried  its  own  weight,  but  also 
a  quantity-  of  earth,  paving  stones  and 
other  debris.  Xo  fractures  were  found  in 
the  sewer,  only  some  small  cracks,  and  the 
leakage  from  the  sewer,  which  h.itl  t)een  in 
service  lor  some  time,  amounlol  only  to 
intemiillcnt  drops.  The  washout  w.i>  look- 
filled  and  the  street  repavcd  without  the 
necessity  for  any  repairs  to  the  sewer 
The  incident  confirmed  the  judgment  ex- 
ercised in  the  beginning  of  the  work,  to 
build  the  new  sewers  parallel  •'  •'  -"^ 
way  of  reinforced  concrete. 
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The  Economies  of  Graded  Concrete.* 

BY    E.     M.    PERDUE. 

The  first  essential  of  good  concrete  is  good 
Portland  cement.  Good  Portland  cement 
does  not  mean  a  cement  of  any  particular 
make,  manufacture  or  brand,  but  a  Portland 
cement  that  has  passed  the  standard  tests 
prescribed  by  the  American  Society  of 
Civil  Engineers.  Concerning  any  cement, 
no  constructing  engineer  has  a  right  to  an 
opinion  as  to  quality  or  excellence,  unless 
he  has  tested  it  himself,  or  has  had  it 
tested  by  some  one  competent  to  do  such 
work. 

The  second  essential  of  a  good  concrete 
is  a  graded  aggregate.  This  is  composed  of 
graded  broken  stone,  or  graded  gravel,  or 
a  graded  mi.xture  of  both.  This  grading 
must  be  based  upon  the  rules  and  formulas 
of  maximum  density.  The  voids  between 
the  largest  broken  stone  must  be  tilled  by 
the  largest  possible  pieces  and  the  resulting 
voids  in  like  manner  by  pieces  of  increasing 
fineness.  The  proportions  required  are 
worked  out  by  sifting  and  weighing  the 
crushed  stone.  The  curves  of  these  siftings 
are  platted  on  a  system  of  abscissas  and 
ordinates  and  the  curves  of  the  various 
kinds  of  stone  combined  so  as  to  plat  a 
parabola  in  tlie  positive  segment.  Since  the 
ma.\imum  size  of  stone  is  100  per  cent,  the 
parabola  must  be  platted  to  the  formula 
lOv^,  when  x  equals  the  percentage  cor- 
responding to  the  part,  any  size  of  stone  is 
of  the  maxim..:m  size  in  the  mix. 

Concrete  mi.xed  according  to  formulas  of 
nia.ximum  density,  will  be  smooth  because 
the  voids  will  be  filled;  for  the  same  reason 
it  will  be  impervious  and  strong. 

For  like  purposes,  concrete,  when  made 
of  scientifically  graded  stone,  can  be  made 
one  or  two  parts  leaner  in  cement  than 
concrete  made  of  ungraded  stone.  The  ap- 
proximate percentage  of  cement  in  the  vari- 
ous mixtures  is  here  gi"-«n  : 

Mix.  Percentage 

of  Cement. 

1—2-^    14.28 

1—2—5    12.5 

1— 3--1    12.5 

1—3—5    11.1 

1—3—6    10.0 

1—3—7    9.0 

1—3-8    8.3 

From  these  figures  it  can  readily  be  seen 
that  the  increase  of  the  crushed  stone  by 
one  or  two  parts  means,  in  the  aggregate,  a 
saving  of  from  10  to  20  per  cent  of  the 
Portland  cement.  On  a  contract  requiring 
only  10,000  bbls.  of  cement,  it  were  pos- 
sible to  save  1,000  bbls. ;  1,000  bbls.  at  $1.25 
are  worth  $1,250,  an  item  worth  saving. 
On  a  contract  requiring  the  use  of  100,000 
bbls.,  the  minimum  saving  would  be  10,000 
bbls.,  worth  $12,500. 

The  same  maclnnery  and  the  same  set 
of  men  in  the  same  time  at  the  same  ex- 
])ense   can    lay   50   per   cent,    more    graded 


•Condensed  from  the  "Cement  Record"  for 
.n:\miary,   1909. 


tluin  ungraded  concrete  and  do  it  easier. 
This  materially  lessens  the  expense, 
shortens  the  time  of  completion  of  the 
contract  and  correspondingly  increases  the 
profits  of  the  contractor. 

Of  the  uses  of  concrete  in  this  part  of 
the  United  States,  by  far  the  largest  pro- 
portion is  laid  at  the  base  of  street  pav- 
ing. With  stone  advantageously  piled  at 
street  intersections,  teams  hauling  sand, 
and  steel  dump  carts  delivering  the  con- 
crete to  the  street,  the  daily  expense  may 
be  estimated  as  follows  : 
1    Foreman     $  4.00 

1  Engineer    3.00 

20   Men  on   stone  at  $2.00 40.00 

2  Men    on   sand   at   $2.00 4.00 

3  Men   on   cement   at   $2.00 6.00 

3  Men    on   machine    at    $2.00 6.00 

4  Teams   on   sand   at   $4.00 16.00 

2  Carts,  horse  and  man 6.00 

3  Graders    at   $2.00 6.00 

1    Tamper    2.00 

1    Water   boy    1.00 

1    Timekeeper    ;     1-00 

$95.00 
If  at  this  expense  of  $95,  1,000  sq.  yds. 
uf  6  in.  concrete  be  laid,  it  is  laid  at  an 
expense  of  9%  cts.  per  sq.  yd.  If  the 
amount  be  increased  to  1,500  yards  at  the 
same  expense,  it  is  laid  at  a  cost  of  6%  cts. 
per  sq.  yd.  In  a  contract  of  100,000  yards 
the  saving  is  the  difference  between  $9,500 
and  $0,333.33,  or  $3,160.66. 

It  will  be  objected  that  this  is  all  theory. 
Now  for  a  recent  practical  example.  The 
writer  was  employed  in  1907-8  by  the  city 
of  Enid,  Oklahoma,  where  five  miles  of 
streets  were  paved  with  asphalt  with  a 
6-in.  concrete  base.  Cement  was  high 
and  no  stone  within  a  radius  of  100  miles 
or  within  1,500  ft.  deep.  Stone  of  five  dif- 
ferent grades  was  procured  from  Carthage 
and  Carterville,  Mo.,  Galena,  Kan.,  and 
Uncas,  Okla.  The  amount  and  transpor- 
tation of  each  kind  were  uncertain.  The 
stone  most  readily  procured  had  a  maxi- 
mum of  3  ins.  and  a  minimum  of  about  1 
in.  The  contractor  had  the  option  of  using 
natural  cement.  Using  cement,  sand  and 
the  coarse  stone,  a  Foote  continuous 
mixer  driven  by  a  steam  engine,  and  the 
most  approved  methods  of  handling  stone 
and  concrete,  1,000  sq.  yds.  were  laid  in  a 
10  hour  day.  After  grading  so  that  any 
stone  on  hand  could  be  used,  the  same 
gang  of  men  with  the  same  machinery, 
laid  1,500  ft.  of  concrete  in  a  10  hour  day 
and  did  it  easier  than  they  formerly  laid 
1,000  sq.  yds.  of  the  coarse  stone.  Cement 
was  saved  so  that  for  the  same  price  the 
contractor  laid  Portland  cement  instead 
of  natural  cement.  The  maximum  output 
for   a   day   attained   nearly  1,700   yds. 

The  cement  for  this  contract  was  of 
various  brands,  all  the  Tolas,  Western 
States,  Indian  Head  and  Atlas.  It  was 
tested.  The  resulting  concrete  was  dense 
and  very  strong.  It  was  not  tested  out 
in  beams  as  in  reinforced  work.    However, 


it  had  a  practical  test  which  was  very  sat- 
isfactory both  to  the  engineer  and  the 
contractor.  A  block  of  concrete  had  been 
down  scarce  a  week  next  to  a  railroad 
yard.  A  freight  car  loaded  with  Portland 
cement  jumped  a  switch,  ran  down  a 
three  foot  embankment  and  across  the 
concrete  street.  This  car  was  pulled  back 
across  the  street.  It  did  not  as  much  as 
crack  this  concrete. 

A  second  larger  contract  was  taken  by 
the  same  company,  the  percentage  of 
cement  was  reduced  and  the  best  five  miles 
of  pavement  in  the  southwest  finished,  to 
the  satisfaction  of  the  city,  the  property 
owners    and    the   contractor. 

The  scientific  grading  of  concrete  is  the 
important  part   of  concrete   construction. 


Cost   of    Metal    Forms  For   Concrete 
Building  Work. 

In  Engineering-Contracting  for  Sept. 
16,  1908,  we  described  a  system  of  metal 
column  and  floor  forms  for  concrete  build- 
ing work  that  had  been  worked  out  by  Mr. 
W.  L.  Caldwell  of  Canton,  Ohio.  In  a 
paper  read  at  the  recent  annual  convention 
of  the  National  Cement  Users'  Associa- 
tion Mr.  Caldwell  gives  some  estimates  of 
the  cost  of  these  forms  which  are  of  in- 
terest. These  costs  are  based  on  a  16-in. 
square  column,  with  a  girder  beam  8  ins. 
wide  and  18  ins.  deep  below  floor  slab,  and 
with  the  lateral  beams  6  ins.  wide  and  12 
ins.  deep,  and  floor  slab  4  ins.  thick. 

For  a  structure  of  this  character,  Mr. 
Caldwell  recommends  the  use  of  10-gage 
material  for  the  angles  at  the  four  corners 
of  the  columns,  14-gage  for  the  lining  of 
the  columns,  14-gage  for  the  girder  boxes, 
16-gage  for  the  lateral  beam  boxes  and  18- 
gage  material  for  the  channel  boards  form- 
ing the  intercolumn  area  for  carrying  the 
floor  slab,  with  all  necessary  reinforcing 
angles,  bolts,  etc.,  to  set  up  the  work  com- 
plete ready  for  receiving  the  concrete. 

The  costs  are  as  follows : 
Column  centering  per  lineal  foot.  ..  .$1.75 
Girder  centering  per  lineal  foot....   1.00 
Lateral   beam    centering    per    lineal 

foot   0.50 

Floor  area  per  square  foot 0.13% 

.Adjustable  girder   and     beam     box 

posts  per  lin.  ft 0.05 

Throwing  the  cost  of  all  of  these  items 
against  the  floor  area,  the  average  is  about 
45  cts.  per  sq.  ft. 

This  price  is  arrived  at  by  taking  a  build- 
ing 50  X 100  ft.  with  28  columns  and  18 
bays  or  intermediate  column  spaces,  each 
space  or  bay  containing  237  sq.  ft.,  in  round 
numbers,  each  bay  divided  by  two  inter- 
mediate cross  beams,  or  three  spans  to  each 
bay.  These  figures  will  vary  somewhat 
with  the  different  types  of  buildings  but 
will  give,  it  is  stated,  a  fair  idea  of  the 
average  cost. 

Under  ordinary  conditions  these  centers 
can  be  erected  at  a  cost  of  approximately 
l%,cts.  per  sq.  ft.  for  labor. 
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The    Resilience    of    Reinforced    Con- 
crete.* 

BY    E.   J.    M'cAUSTLASD. 

It  IS  a  familiar  experience  to  those  who 
have  conducted  tests  on  reinforced  con- 
crete beams,  and  on  l>eams  without  rein- 
forcement, to  find  that  even  inidor  com- 
paratively light  loads  a  permanent  de- 
formation takes  place  in  the  specimen  and 
that  this  deformation  increases  with  the 
loading,  although  not  necessarily  nor  gen- 
erally in  direct  proportion  thereto. 

In  much  of  the  current  experimental 
work  of  testing  beams  of  which  we  find 
record  in  the  technical  press,  the  measure- 
ment of  these  deformations  is  omitted,  al- 
though in  a  few  instances  wc  find  them  re- 
ported. 

In  tests  of  columns  and  beams,  if  the 
measurements  of  shortenings  and  deflec- 
tions arc  taken  while  the  load  is  on  and 
again  when  the  load  is  released,  and  this 
routine  of  measurements  repeated  for  each 
increment  of  load,  information  may  be  ob- 
tained regarding  the  resilience  of  the  ma- 
terial under  investigation. 

The  writer  offers  here  some  diagrams 
which  show  graphically  the  results  of  some 
tests  of  his  own,  and  desires  to  call  atten- 
tion to  a  few  points  that  seem  to  be  em- 
phasized by  a  careful  comparison  of  these 
curves. 

In  the  fabrication  and  testing  of  the 
specimens  to  secure  the  data  from  whicli 
the  accompanying  curves  are  plotted,  two 
entirely  different  conditions  prevailed, 
both  in  regard  to  the  class  of  material  used 
and  the  size  and  span  of  the  beams.  The 
specimens  tested  fall  into  two  classes  and 
these  will  be  designated  respectively  as 
Series  "A"  and  Series  "B."  Beams  num- 
hercd  1  to  20  inclusive  constitute  Series 
"A,"  and  beams  numbered  21  to  24  inclu- 
sive constitute  Series  "B." 

Pi'scrifilion  of  Materials  Used. — The 
stone  for  Series  "A"  was  limestone,  run  of 
crusher,  with  maximum  size  passing  a  one- 
inch  ring,  containing  a  large  proportion  of 
<lu'-t  and  weighing  cishty-five  pounds  per 
cubic  foot.  The  sand  was  medium  bank 
sand  containing  about  four  per  cent  of  clay. 
The  cement  was  Portland,  bought  in  the 
open  market  and  was  of  the  well  known 
Alpha  brand,  tests  of  which  at  30  days  gave 
an  average  tensile  strength  of  710  lbs.  per 
s(|.  in.,  neat,  and  410  lbs.  per  sq.  in.  in  a  1 
to  .'I  mortar.  The  concrete  was  mixed 
(|uile  dry  in  proportions  1-3-8  by  volume 
and  left  in  storage  at  a  temperature  of  75° 
r  without  sprinkling.  When  the  6-in. 
cubes  were  tested  for  compression  at  30 
days  they  gave  the  very  low  ultimate  stress 
of  080  lbs.  per  sq.  in.  This  low  stress  was 
no  doubt  duo  to  the  three  factors  of  lean 
mixture,  small  percentage  of  water  used  in 
fabrication  and  high  temperature  of  stor- 
age. The  beams  were  made  6x8  ins.  in 
section  and  were  tested  on  a  span  of  d  ft. 


The  center  of  the  reinforcing  rods  was 
placed  in  all  cases  6Vi  in.  below  the  top 
of  the  beams.  Tests  of  all  beams  were 
made  at  the  age  of  30  days. 

The  stone  for  Scries  "B"  was  limestone, 
screened  to   pass  a   IK-in.   round  opening 


this  concrete  at  C<'  days  as  dclcrmmed  by 
lefts  on  4-10-6-in.  cubes  was  1,670  lbs.  per 
sq.  in.  The  reinforcing  rods,  of  mild  steel, 
had  an  ultimate  strength  of  Gl,(i80  lbs.  per 
sq.  in.  and  an  elastic  limit  of  40.0<.)0  lbs 
per   sq.   in.     The   beams   w  ere  8x11    in.   in 
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and  held  on  a  screen  with  opening  Vt  in.  in 
diameter.  This  stone  weighed  88  lbs.  per 
cu.  ft.  when  measured  loose,  iind  had  about 
48  per  cent  of  voids.  Sand  was  taken  from 
;i  bank  pit,  was  rather  fine  and  contained 
.ibout   4   per  cent  of  clay.     It   had  34   per 


section,  and  were  tested  on  a  span  of  12 
ft.  The  center  of  the  reinforcement  was 
placed  in  all  cases  at  10  in.  from  the  top 
of  the  beam.  Tests  were  made  at  the  age 
of  CO  days. 

In   both   series   the  tests   were   made   by 
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cent  of  voids  and  weighed,  loose,  100  lbs. 
per  cu.  ft.  The  cement  was  of  the  mixed 
brands  furnished  by  the  Joint  Committee 
on  Concrete  and  Reinforced  Concrete,  .ind 
gave  a  tenside  strength  at  GO  days  of  705 


applying  the  load  at  the  one-third  points  of 
the   span,  and   the  center  deflections   were 
measured  from  a  fine  wire  stretched  along 
the  side  of  the  beam  and  opjiositc  its  mid 
depth.     This    wire    was    stretched    at    con- 
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lbs.  per  sq.  in.  for  the  neat  mixtures  and  slant  tension  over  small  pins  msertcd  in  the 

444   lbs.   per   sq.   in.   for  a   1   to  2  mortar.  beam  directly  over   the  |«>ints  of   support. 

The  concrete  was  mixed  in  proportions  1-  and  a  third  pin   wa.s  inserted  in  the  l)eam 

2-4   by  volume,   all    ingredicnls    measured  at  mid-span  just    below    the    wire.       The 

loose.    The  average   crushing  strength   of  movement  of  this  pin  away  from  the  wire 
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when  the  beam  was  under  load  was  taken 
as  the  deflection.  This  movement  was 
measured  by  a  Brown  and  Sharpe  microm- 
eter reading  directly  to  1/1,000  in.,  and  by 
estimation  to  1/10,000  in.,  contact  of  the 
micrometer  being  determined  by  the  ring- 
ing of  an  electric  bell. 

In  testing  Series  "A"  the  load  increment 
was  250  lbs.  and  in  Series  "B"  it  was  1,000 
lbs.  Loads  were  released  to  zero  after 
each  application  and  micrometer  readings 
taken  to  determine  the  permanent  deflec- 
tion or  "set"  of  the  specimen. 

In  all  cases,  except  beams  19  and  20,  the 
reinforcing  bars  were  placed  parallel  with 
the  edge  of  the  beam.  In  these  exceptions 
the  reinforcement  consisted  of  three  cor- 
rugated bars,  the  middle  one  placed  par- 
allel to  the  edges  of  the  beam  and  the 
other  two  turned  up  at  the  quarter  points 
of  the  span  so  that  the  ends  of  the  bars 
reached  to  a  point  within  1  in.  of  the  top 
surface  of  the  beam.  Beams  numbered  17 
and  18  had  stirrups  formed  like  an  in- 
verted U,  placed  vertically  every  6  ins. 
along  the  beam  except  for  the  middle  one- 
third  of  the  span.  These  stirrups  were  of 
%-in.  round  rods  and  the  lower  ends  were 
twisted  around  the  horizontal  reinforcing 
bars,  but  this  twisting  did  not  form  a 
rigid  attachment. 

In  examining  these  curves  it  is  seen  that 
they  fall  into  two  general  classes  deter- 
mined apparently  by  the  nature  of  the  re- 
inforcement,— whether  plain  or  deformed 
bars.  One  cannot  fail  to  be  impressed  by 
the  marked  difference  in  the  amount  of 
permanent  set  which  takes  place  under  de- 
flection in  beams  reinforced  with  these  two 
types  of  reinforcement. 

In  the  curve  plotted  for  Beam  No.  7 
(note  the  exaggerated  scales),  we  have 
shown  the  typical  relation  between  the  de- 
flection and  the  permanent  set  of  a  beam 
that  is'  without  reinforcement,  and  in  the 
curve  for  No.  6  we  have  the  same  relation 
in  typical  form  for  all  beams  with  plain 
undeformed  bar  reinforcement.  It  may  be 
said  that,  with  the  exception  of  Beams  Nos. 
3  and  4,  the  curves  for  the  beams  with 
plain  reinforcement  differ  but  little  in  gen- 
eral character  from  the  curves  drawn  for 
beams  without  reinforcement.  In  other 
words,  a  smooth  rod  or  bar  when  used  as 
reinforcement  in  a  concrete  beam  does  not 
act  to  modify  in  any  marked  degree  the 
resilience  of  the  beam  as  a  whole ;  mean- 
ing by  resilence,  in  this  connection,  the 
ability  of  the  specimen  to  reproduce  energy 
put  into  it.  The,  apparent  exceptions  to 
this  general  statement,  shown  in  curves 
Nos.  3  and  4,  are  explained  when  we  give 
due  consideration  to  the  manner  of  failure 
of  these  beams.  Failure  was  induced  by 
the  slipping  of  the  rods  in  the  unusually 
lean  mixture  and  the  resilience  of  the  con- 
crete was  not  suflicient  to  overcome  the 
friction  of  the  rods  in  the  mass  and  force 
the  beam  to  resume  its  original  form. 
The  general  character  of  the  curves  plot- 


ted for  the  beams  reinforced  with  deformed 
bars  is  quite  different  from  that  of  the 
curves  for  the  beams  with  smooth  rein- 
forcements. Perhaps  the  most  striking  dif- 
ference is  exhibited  in  the  case  shown  in 
curves  Nos.  8,  11,  12  and  16,  where  the 
deflections  are  excessive  and  the  recovery 
under  released  load  is  very  small.  It 
seems  clear  that  the  effect  of  certain  types 
of  reinforcement  in  beams  is  to  allow  ex- 
cessive deflection  under  loading,  and  to  act 
in  a  manner  to  prevent  the  recovery  of 
the  specimen  when  the  load  is  removed. 

It  is  not  believed  that  these  tests  are 
numerous  enough  or  that  they  are  suffi- 
ciently concordant  in   results    to     warrant 


The  Herringbone  Trussed  Bar. 

The  accompanying  engraving  shows  a 
trussed  reinforcing  bar,  or  more  accurately, 
a  reinforcing  bar  with  attached  stirrups 
which  possesses  several  features  of  value. 
The  bar  proper  is  rolled  to  special  section 
and  has  lugs  or  ribs  to  give  it  mechanical 
bond.  The  stirrups  are  looped  around  bars 
clamped  to  the  neck  of  the  main  bar  as 
shown.  This  cut  shows  two  of  the  stirrups 
bent  up  to  the  positions  they  occupy  when 
in  the  work,  and  a  third  stirrup  bent  down 
flat  on  the  main  bar,  which  is  the  position 
of  all  the  stirrups  when  the  bar  is  being 
shipped.  This  flat  position  of  the  stirrups 
is    a    decided    advantage    in    shipping    and 


Herringbone    Trussed    Bar. 


general  conclusions,  but  it  is  believed  that 
they  clearly  point  the  way  to  an  important 
field  for  investigation  in  reinforced  con- 
crete work. 

In  what  manner  is  the  relative  stiffness 
of  beams,  of  approximately  equal  strength, 
affected  by  the  type  of  reinforcement  used? 

If  deflections  take  place  in  reinforced 
concrete  beams  under  repeated  and  increas- 
ing loads  or  shocks,  what  is  the  effect  of 
the  type  of  reinforcement  in  measuring  its 
ability  to  absorb  these  loads  and  shocks 
without  permanent  injury? 

No  doubt  a  carefully  planned  series  of 
tests,  carried  out  in  detail,  could  furnish  in- 
formation on  these  points  that  would  be 
of  much  value  to  designers  in  reinforced 
concrete. 


handling  the  bars.  A  second  feature  is 
that  the  free  ends  of  certain  of  the  stirrups 
are  extended  and  bent  down  to  form  chairs 
by  which  the  main  bar  is  spaced  away  from 
the  bottom  boards  of  the  forms  so  that 
the  pouring  will  completely  embed  the  bar. 
A  third  and  particular  feature  of  this  bar 
is  that  the  stirrups  may  be  of  any  desired 
length  irrespective  of  the  main  bar  and 
may  also  be  placed  with  any  distance  of 
spacing  that  the  conditions  demand.  This 
bar  has  recently  been  put  on  the  market 
under  the  name  of  the  Herringbone 
Trussed  Bar  by  the  General  Fireproofing 
Co.,    Youngstown,   Ohio. 


Travelers  on  the  Hedjaz  Ry.  in  Turkey, 
which  is  to  connect  Damascus  with  Mecca, 
can  pray  as  they  go.  According  to  Otto- 
man newspapers  the  trains  will  contain 
carriages  fitted  up  as  a  mosque,  where  pil- 
grims will  be  able  to  perform  their  devo- 
tions during  the  journey  to  the  sacred 
cities.  Externally  the  praying  carriage  is 
only  distinguished  from  the  other  carriages 
by  a  minaret  6%  ft.  high.  The  interior  is 
luxuriously  fitted.  The  floor  is  covered 
with  the  richest  of  Persian  carpets,  while 
around  the  sides  are  verses  from  the  Koran 
appropriate  to  the  pilgrimage  in  le*^ters  of 
gold.  A  chart  indicates  the  direction  of 
Mecca  at  one  end,  and  at  the  other  are 
placed  four  vessels  for  holding  water. 


Experiments  under  the  direction  of  Dr. 
H.  T.  Barnes,  Professor  Physics  at  McGill 
Universit}',  are  under  way  to  determine  the 
possibility  of  w-inter  navigation  on  at  least 
a  portion  of  the  River  St.  Lawrence.  The 
Canadian  department  of  marine  and  fish- 
eries will  render  material  aid  in  conducting 
the  investigations,  such  as  defraying  the  ex- 
pense of  assistants,  providing  necessary 
scientific  instruments,  and  furnishing  ac- 
commodations on  board  government  ice 
breakers.  Records  will  be  kept  of  tem- 
peratures of  water  and  atmosphere, 
strength  of  ice,  observations  of  local  condi- 
tions, etc.,  and  all  other  important  factors 
which  will  be  of  assistance  in  arriving  at 
an  ultimate  conclusion.  One  of  the  gov- 
ernment ice  breakers,  the  Montcalm,  is  now 
operating  in  the  river  in  the  vicinity  of 
Seven     Islands. 


I'ebruarv  lo,  nx)'*. 
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Nolo:  I  his  Scclicin  Ls  jL-\i>:cd  to  methods  and  costs  of  cxcavalinj;  c-nrth  and 
rock  ;in.l  l-uildiiiK  cml>:inknii;nls.  It  will  cover  the  Kradin);  of  roads  and  rail- 
roads, diKin;;  and  c;in.;l  work,  dredKiiiK,  buildinu  rescrxoirs  and  earth  dain>, 
seMer  and  ua:cr  pipe  Irenchinc,  luarrxinji,  etc. 


A  High  Cost  of  Earth  Excavation  with 
Dump  Carts. 

It  is  sonictiiiK'S  as  vuluahle  lo  know  how 
not  to  do  a  tiling  as  it  is  to  know  how  to 
do  it.  This  is  especially  so  in  construction 
work  and  in  earth  excavation.  The  fol- 
lowing example,  showing  a  high  cost  of 
earth  excavation  done  with  dump  carts,  is 
given  to  illustrate  how  not  to  do  such 
work. 

The  excavation  was  made  on  the  grade 
of  a  railroad  in  taking  out  several  small 
cuts,  there  being  1,748  cu.  yds.  in  the  com- 
bined cuts.  The  material  was  a  snndy  clay, 
and  the  avcr.igc  haul  was  "lOO  ft.  The 
work  was  done  in  the  fall  of  the  year  with 
good  weather  conditions,  there  being  but 
one  rainy  day  during  the  time.  With  this 
class  of  material,  without  any  stones  in  it 
and  the  depth  of  cutting  and  length  of  haul, 
the  excavation  was  ideal  whec  1  scraper 
work,  but  the  work  being  done  by  company 
forces  and  the  railroad  company  not  own- 
ing any  scrapers,  it  was  decided  to  hire 
carts  and  do  the  work  with  them. 

The  earth  was  loosened  by  a  plow,  but 
the  plowing  was  not  done  well  enough,  so 
that  some  of  the  men  had  to  pick  it.  Nat- 
urally using  a  plow  prevented  the  material 
being  worked  to  a  breast  and  the  carts 
were  hauled  over  the  loosened  material. 
This  made  the  hauling  hard  for  the  horses 
and  prevented  full  loads  from  being  car- 
ried and  also  compacted  the  loosened  ma- 
terial somewhat.  An  average  of  17  carts 
were  worked  with  .58  men  and  3  foreman. 
.■\  single  foreman  being  in  charge  of  29 
men  in  this  class  of  work  with  men  and 
carts  scattered  over  a  cut  was  bound  to 
give  poor  work.  The  men  clustered 
around  a  cart  and  loaded  it  as  they  would 
a  wagon,  and  in  using  short  handled 
shovels,  the  amount  of  work  that  could  be 
done  in  a  day  was  reduced  over  the  num- 
ber of  cubic  yards  that  could  be  loaded  into 
a  cart  at  the  end  with  the  tail  gate  out. 
With  such  large  number  of  men  it  was  also 
possible  for  the  men  to  loaf.  If  carts  were 
to  be  used  they  should  have  been  loaded 
from  the  rear  in  the  regular  way,  and  some 
system  of  shoveling  up  the  plowed  material 
shoidd  have  been  adopted  so  that  the  carts 
would  have  been  well  loaded  and  the  fore- 
man could  have  made  the  men  do  good 
work.  Or  else  the  material  should  have 
been  worked  to  a  breast,  and  the  carts 
loaded  two  at  a  time  and  sent  to  the  dump 
with  one  driver.  In  the  work  done  one 
driver  was  assigned  to  each  cart.  Four 
horses  and  two  men  were  used  on  the 
plow. 


\   Uii-lioiu    il.iy    wa-.   W'.rki-cl  .ind  liie   I'ol- 
iowing  wages  were  paid: 

Foreman *J  ■'> 

Laborers ;     . 

Carts  and  driver 3.ij(j 

Plow  team  9.00 

The  cost  of  the  work  was  as  follows : 

Foreman   $     52..j0 

Laborers   610  .jO 

Cart   work    357.00 

Plowing  36.00 

Extra  work n.50 

Total  $1,007.50 

This   gives   a   cost   per   cubic   yard   of   the 
lollowiMg: 

Foreman    $0,030 

Plowing    0.020 

Laborers 0.350 

Hauling    • 0.205 

Extra  work   O.OOo 

Total   $0,610 

The  extra  work  consisted  of  digging 
some  ditches  after  a  rain  to  drain  off  the 
water,  two  foremen  and  12  men  being  en- 
gaged on  this  for  half  a  day. 

The  very  high  cost  and  poor  work  is 
shown  by  the  fact  that  a  man  only  shov- 
eled 4M  cu.  yds.  of  a  material,  that  could 
be  classed  as  average  earth,  in  10  hrs.  A 
man  should  have  shoveled,  after  the  mate- 
rial was  loosened,  14  cu.  yds.  in  10  hrs. 

In  Gillette's  "Earth  Work  and  Its  Cost" 
on  page  39  a  rule  is  given  for  obtaining  the 
cost  of  excavating  earth  by  loosening  it 
with  a  plow,  shoveling  it  by  hand  into 
carts,  and  hauling  it.  According  to  this 
rule  the  work  should  have  cost  30  cts.  per 
cu.  yd.,  not  including  foreman,  a  high  but 
not  excessive  cost  considering  the  wages 
paid.  The  cost  of  61  cts.  per  cu.  yd.  is 
accordingly  about  twice  as  much  as  it 
should  have  been. 

If  scrapers  had  been  used,  .is  the  work, 
as  previously  stated,  was  well  adapted  to 
them,  the  cost  per  cubic  yard  should  not 
have  exceeded  25  cts.,  which  would  have 
effected  a  great  saving.  The  les.son  to  be 
Ic.irnfd  from  this  work  is  very  plain. 


The  L'.  S.  Civil  Service  Commission, 
Washington,  D.  C,  will  hold  an  cxamma- 
tion  on  March  17-18,  1909,  at  various  pl.iccs 
throughout  the  country,  to  secure  eligibles 
from  which  to  make  certification  to  fill  a 
vacancy  in  the  position  of  mechanical  and 
electrical  engineer,  $1,200  per  annum. 
Quartermaster's  Department  at  Large, 
Fort  B.iyard,  N.  M.,  and  vacancies  requir- 
ing similar  qualitications  as  ihcy  m.iy  oc- 
cur in  anv  branch  of  the  scr\i>- 


Comments  on  the  Use  of  Wagons  in 
Transporting  Earth. 

(  Lunliiuu-d  from  p    -  ■ 

In   loading   dump    \i  ,  .,,..4.    u,,. 

•  ight  of  the  wagon  great  con- 

-flcration.     The  number  oi  i...-  .jf 

■work  done  by  a  man  per  day  :  a 

vcnical  distance  than   in 
tance.     An    inch    or   two  .■.  .  ;i 

to  the  side  of  a  wagon  means  to  decrease 
the  amount  of  earth  that  a  man  will  handle 
load  per  day.  The  bottom  of  an  ordinary 
dump  cart  is  about  'H  ins.  high,  varying  an 
inch  or  more  either  way  in  different  makes 
of  carts.  At  this  height,  in  a\' 
well  loosened,  a  man  with  a  sii'  I 

shovel  will  load  14  cu.  yds.  in  lu  hrs,  or  at 
the  rate  of  1.4  cu.  yds.  per  hr.  To  de- 
crease this  height  means  to  increase  the 
amotmt  of  earth  handled  per  man  day,  but 
as  a  man  can  load  dirt  into  a  cart  without 
straightening  up  his  back  there  is  not  the 
same  proportion  of  increase  in  the  yardage 
handled,  as  there  is  a  decrease  when  the 
height  is  greater  than  about  3  ft. 

The  height  of  the  top  of  the  sides  of  the 
ordinary  dump  wagon,  of  1  cu.  yd.  or  1% 
cu.  yd.  capacity,  is  from  4  ft.  6  ins.  to  5  ft. 
A  man  at  this  height  will  shovel  with  a 
short  handled  shovel  about  13  cu.  yds.  in  10 
hrs. .  Over  this  height  to  increase  the 
height  of  the  sides  of  the  wagon  by  6  ins. 
means  to  decrease  the  amount  shoveled  per 
man  day  by  about  10  per  cent.  This  is  the 
experience  of  the  writer  and  he  is  corrob- 
orated in  this  by  a  number  of  contractors, 
who  have  kept  careful  records.  The  rea- 
son for  this  is  that  in  order  to  cast  the 
earth  into  the  wagon  the  man  must  first 
straighten  up  his  back,  after  he  has  filled 
his  shovel,  and  then  by  another  motion  he 
casts  his  load  into  the  wagon. 

To  load  wagon  with  men  and  shovels 
from  4  to  10  men  are  placed  around  a 
wagon,  and  they  cast  the  earth  over  the 
sides  and  end.  To  load  carts,  seldom  more 
than  4  men  are  used  to  the  cart  and  they 
are  behind  the  cart,  and  cast  the  dirt  into 
the  open  end  of  the  cart.  In  this  case  the 
men  are  crowded  somewhat  together,  and 
each  man  h.i-s  but  a  few  feet  of  space  in 
which  to  operate  his  shovel.  For  cart 
work,  especially  in  cramped  quarters,  short 
handled  shovels  are  a  necessity.  However, 
in  loading  wagons  the  men  have  a  much 
greater  space  in  which  to  work,  and  as 
the  height  is  a  foot  or  two  greater,  there 
is  no  longer  any  excuse  for  using  short 
handled  shovels.  With  long  handled  s! 
a  greater  yardage  will  be  loaded 
long  handled  shovels  the  writer,  in  average 
earth  or  gocnl  cla.v.  has  had  men  to  load 
into  wagons  between  14  and  15  cu.  yds.  in 
10  hours,  and  to  increase  the  height  of 
the  wagon  6  ins  meant  only  lo  decrease 
the  amount  loaded  per  man  da\ 
7  per  cent,  until  the  height  cx^ 
The  writer  has  never  used  w,ikuii>  with 
sides  that  e.xceeded  8  ft.  In  height. 

For   these    reasons    we    reconnnend   that 


no 
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wagons  used  in  hauling  earth  and  are  load- 
ed by  hand  should  be  built  low,  and  that, 
except  under  a  few  circumstances,  long 
handled  shovels  should  be  used  for  loading. 
Too  much  stress  cannot  be  laid  on  this 
nor  can  contractors'  and  engineers'  atten- 
tion be  called  to  this  matter  too  often,  as 
in  all  of  our  towns  and  cities  where  wagons 
arc  loaded  by  hand  continually,  these  mis- 
takes are  made  every  day.  In  New  York 
City,  where  a  great  many  high  dump  wa- 
gons are  used,  short  handled  shovels  are 
supplied  to  the  men.  Even  with  long- 
handled  shovels,  wherever  possible  the  low 
wagon  should  be  used,  even  if  it  is  neces- 
sary to  keep  among  the  contractor's  plant 
the  two  kinds  of  wagons,  as  the  difference 
in  the  amount  of  material  that  can  thus 
be  handled  in  a  season's  work  would  in 
many  cases  pay  for  the  extra  lot  of  wag- 
ons. Even  if  the  cost  of  the  wagon 
would  not  be  made  up  in  a  season,  more 
than  the  interest  and  depreciation  on  the 
e.xtra  plant  bought  can  be  earned. 

.Another  important  consideration  in  wag- 
on work  is  to  keep  the  wagon  on  the 
road  as  much  as  possible.  An  ordinary 
price  paid  for  a  hired  team  and  wagon, 
at,  present,  is  $5  per  day.  With  a  10-hr. 
day  this  means  a  cost  of  nearly  1  ct.  per 
minute,  while  with  an  8-hr.  day  it  is  slight- 
/y  over  1  ct.  With  10  or  12  wagons  only 
being  used  a  delay  of  a  minute  or  two 
quickly  runs  into  a  money  loss.  Thus  all 
the  men  that  can  be  conveniently  worked 
around  a  wagon  should  be  employed.  With 
plenty  of  room  10  men  can  ordinarily  be 
worked  around  a  wagon.  Four  men  on 
each  side  and  two  at  the  end.  With  less 
space  8  men  can  be  used.  This  shows  the 
folly  of  loading  a  wagon  at  the  end  only, 
as  a  cart  is  loaded,  with  4  men,  or  with  6 
men.  With  4  men  at  the  end,  the  wagon  is 
in  the  cut  at  least  twice  as  long  as  it 
should  be.  With  6  men  working  at  the 
end  of  the  wagon,  2  of  them  must  take 
s«veral  steps  to  cast  their  shovelful  into 
the  wagon,  and  men  should  never  be  al- 
lowed to  walk  as  they  are  shoveling.  For 
these  reasons  wagons  should  not  be  loaded 
from  a  breast. 

.When  wagons  are  loaded  from  a  breast 
the  earth  is  generally  loosened  by  picks. 
A  cheaper  way  is  to  use  a  plow.  In  plow- 
ing, a  turning  plow  should  be  used  and  if 
possible  the  ground  should  be  plowed 
twice,  as  in  most  heavy  materials  plows 
will  not  loosen  the  earth  sufficiently  to  al- 
low of  easy  shoveling,  and  if  a  second 
plowing  is  not  done  pickers  will  have  to 
be  used.  Even  this  second  plowing  will, 
as  a  rule,  be  found  cheaper  than  using  a 
few  pickers.  When  plowing  and  then  load- 
ing on  the  shovels,  the  whole  area  of  the 
excavation  will  be  taken  down  at  one  time. 
In  narrow  cuts  or  lots  this  is  not  always 
practical,  and  in  such  place  it  is  often  neces- 
sary to  do  some  picking,  but  the  majority 
of  the  material  can  still  be  plowed.  One 
way  of   taking  out  material   with   wagons 


that  the  writer  has  used  is  illustrated  in 
Fig.  1.  A  cut,  or  a  series  of  cuts,  are  made 
as  shown.  The  material  in  these  narrow 
cuts  is  plowed  and  shoveled  into  wagons, 
and  when  they  are  taken  to  a  depth  of  6  to 
7  ft.  the  material  between  the  cuts  is  ex- 
cavated. With  a  slope  of  2:1  or  even  1%:1 
the  earth  can  be  plowed.  The  shovelers 
are  now  able  to  stand  on  the  sides  of  the 
slopes  on  a  level  with  the  top  of  the  wag- 
ons or  above  them  and  with  long-handled 
shovels  can  handle  a  larger  yardage  with 
less  exertion.  As  some  of  the  top  material 
is  worked  off,  the  bottom  of  the  narrow  cut 
is  deepened  until  the  bottom  of  the  excava- 
tion is  reached,  then  the  rest  of  the  mate- 


great  bulk  of  it  to  fall  into  the  bucket. 
.\ny  material  that  does  not  fall  into  the 
bucket  is  shoveled  by  the  men.  Under 
some  circumstances  this  method  will  save 
a  great  deal  of  shoveling,  thus  reducing  the 
cost  of  excavating. 

A  derrick  car  or  a  locomotive  crane  can 
be  used  to  load  wagons  in  the  same  man- 
ner as  a  derrick,  but  of  course  will  cover 
more  ground  than  an  ordinary  derrick.  If 
the  material  is  soft  enough  to  dig  it  with  a 
grab  bucket,  either  an  orange  peel  or  a 
clam  shell  bucket  can  be  used.  This  can 
be  used  with  any  of  the  three  machines  just 
mentioned.  This  does  away  with  all  shovel 
work  except  the  trimming  and  dressing  of 


Fig.    1 — A    Method    of    Excavating    Earth    With   a   Wagon. 


rials  is  worked  out.  With  this  method  a 
large  per  cent  of  the  material  to  be  exca- 
vated is  loaded  cheaper  than  by  the  ordi- 
nary way  and  the  rest  is  handled  at  the 
same  cost  as  it  would  be  under  the  usual 
method.  Care,  however,  must  be  exer- 
cised not  to  get  the  slopes  too  steep,  as 
then  they  cannot  be  plowed  economically, 
nor  can  a  man  stand  on  them  with  any 
ease  to  shovel. 

If  a  wagon  can  only  be  loaded  from  one 
side,  and  especially  if  the  haul  is  long  a 
side  board  should  be  used  on  the  other  side 
of  the  wagon.  This  will  not  interfere  with 
the  loading,  yet  it  allows  of  a  larger  load 
being  handled. 

On  account  of  the  height  of  wagons,  they 
should  never  be  loaded  by  hand  when  other 
methods  of  loading  are  available. 

In  deep  cellar  excavation  and  in  trenches, 
foundations  and  other  confined  places,  wag- 
ons are  often  loaded  by  means  of  der- 
ricks. For  this  purpose  derrick  skips  or 
some  style  of  dump  buckets  are  used.  In 
many  cases  these  are  loaded  by  hand,  then 
hoisted  by  the  derrick  and  dumped  into 
the  wagons.  A  man  will  shovel  a  little 
more  into  a  skip  than  into  a  bucket  because 
it  is  lower,  and  more  into  either  a  skip  or 
a  bucket  than  into  a  wagon.  However, 
there  is  the  added  cost  of  operating  the 
derrick  and  shifting  it  from  place  to  place, 
to  suit  the  work.  This  added  cost  to  the 
excavation  is  sometimes  partially  offset  by 
doing  away  with  a  snatch  team,  and  the 
horses  are  saved  a  sharp  pull  up  a  heavy 
grade  to  get  the  material  from  the  pit. 
Large  buckets  and  skips  are  generally  to 
be  preferred  for  this  work,  as  then  the 
wagon  can  be  loaded  without  a  wait  for  the 
derrick  to  return  the  empty  and  pick  up  an- 
other skip  or  bucket.  In  Fig.  2  is  sketched 
a  method  of  loading  a  bucket  or  skip  by 
means  of  coring.  The  earth  in  this  method 
is  worked  to  a  breast  and  the  bucket  or 
skip  is  placed  directly  against  the  breast 
or  bank  and  then  by  means  of  picks  and 
bars  the  material  is  loosened,  allowing  the 


the  sides.  The  grab  buckets  are  dumped 
directly  into  the  wagons.  Cable  ways  can 
also  be  used  to  load  wagons  in  the  same 
manner  as  a  locomotive  crane  or  a  der- 
rick. 

Often  wagons  can  be  economically  loaded 
by  means  of  scrapers.  Drag,  buck  or 
Fresno,  or  wheel  scrapers  can  be  used.  Two 
runway  ways  are  built  to  an  elevated  plat- 
form, one  for  the  scraper  to  go  up  on. 
and  the  second  one  for  leaving  the  plat- 
form. In  the  center  of  the  latter  a  trap  is 
cut,  through  which  the  dirt  is  dumped.  The 
wagon  is  placed  directly  under  the  trap 
and    is   thus   loaded.     In    deciding   on    the 
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Fig.  2 — A  Method  of  Loading  a  Bucket  by 
Means    of    Caving. 

height  of  the  dumping  platform  headroom 
must  not  only  be  allowed  for  the  wagon, 
but  also  for  the  horses.  This  allows  of  the 
horses  being  driven  under  the  trap  and 
saves  time  in  backing  the  wagon  under  the 
platform.  One  mistake  often  made  in 
loading  wagons  with  scrapers  is  to  have 
too  few  scrapers  in  the  run,  thus  making 
the  wagon  teams  lose  considerable  time 
waiting  on  the  scrapers.  The  best  results 
are  obtained  when  there  are  employed 
enough  wagons  to  keep  the  scrapers  going 
and  also  sufficient  scrapers  not  to  delay 
the  wagons.  Even  when  the  proper  num- 
ber  of   teams   are   furnished   the   foreman 
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iiiU!.t  use  great  vigilance  to  keep  them  iii 
order  anil  from  blocking  one  another. 
When  the  grade  to  the  platform  or  trap  is 
a  descending  one  both  drag  and  buck 
scrapers  can  be  used  to  great  advantage, 
but  when  the  grade  is  a  steep  ascending 
one,  and  the  haul  is  a  hundred  feet  or  more, 
wheel  scrapers  are  more  economical. 

One  very  efficient  method  of  loading 
wagons  is  by  means  of  an  elevating  grader. 
The  wagon  travels  along  with  the  excavat- 
ing machine  and  is  loaded  without  the  wag- 
on stopping.  In  order  to  start  loading  the 
elevating  grader  is  generally  stoppc<l  until 
the  wagon  has  taken  its  position  under  the 
conveyor.  In  order  not  to  delay  the  grader 
the  empty  wagons  have  to  follow  closely 
behind  the  machine  so  as  to  take  their 
position  under  the  conveyor  promptly.  In 
loading  wagons  with  derricks,  locomotivo 
cranes,  cable  ways  and  scrapers,  the  height 
of  the  sides  of  the  wagons  does  not  par- 
ticularly effect  the  operation  of  loading, 
hut  with  elevating  graders  the  height  of  the 
sides  of  the  wagons  docs  play  some  part. 
If  the  wagon  body  is  very  high  the  elevat- 
ing conveyor  has  to  be  placed  at  such  an 
angle  that  the  excavated  material  is  not 
readily  carried  on  the  conveyor,  hence  the 
work  of  the  plow  is  interfered  with  to 
some  degree,  and  the  earth  not  being  car- 
ried rapidly  along  the  conveyor  a  much 
greater  time  is  taken  to  load  a  wagon.  It 
also  takes  more  power  to  operate  the 
grader. 

Wagons  can  also  be  loaded  in  a  man- 
ner similar  to  that  done  with  elevating 
graders,  with  several  styles  of  trench  ex- 
cavators. These  trenching  machines  dig 
the  earth  with  a  series  of  small  buckets 
with  teeth  on  them,  discharging  the  mate- 
rial onto  a  belt  conveyor,  as  the  plow  of 
an  elevating  grader  does.  By  driving 
wagons  under  the  conveyor  they  arc  quick- 
ly loaded.  These  trench  machines  pulver- 
ize the  earth  so  that  the  material  dumps 
easily  from  the  wagons,  while  with  elevat- 
ing graders  the  material  is  often  in  large 
clods.  Most  of  the  material  excavated  by 
trenching  machines  is  deposited  on  the  side 
of  the  trench  to  be  used  in  back-filling  over 
the  pipe,  sewer,  or  conduit,  but  the  excess 
earth  can  be  loaded  into  wagons  as  de- 
scribed and  hauled  away. 

The  practice  of  loading  wagons  with 
steam  shovels  is  becoming  more  common 
each  year.  It  was  thought  at  one  time  that 
only  cars  were  adapted  for  steam  shovel 
work,  but  it  has  become  more  and  more 
evident  that  under  many  conditions  wag- 
ons arc  as  well  suited  for  this  purpose  as 
cars.  The  height  of  Ihe  wagon  body  does 
not  effect  the  cost  of  loading,  as  when  the 
dipper  of  the  shovel  is  loaded  it  is  at  its 
greatest  height  and  it  has  to  be  lowered  to 
be  dumped,  cither  into  a  car  or  a  wagon. 
This  admits  of  a  large  capacity  wagon  be- 
ing used  in  steam  shovel  work,  with  the 
additional  advantage  that  the  shovel  will 
do  more  work  per  day  in  loading  large 
wagons  than  with  smaller  ones. 


Ihe  dipper  of  the  shovel  in  loading 
wagons,  even  with  the  greatest  care  of  the 
shovel  runner,  frequently  knock  the  side 
boards  of  the  wagons,  thus  breaking  them. 
This  objection  to  loading  wagons  with  a 
steam  shovel  is  readily  overcome  by  using 
a  hopper  arrangement.  The  hopper  is  built 
large  enough  to  hold  a  wagon  load.  It  is 
supported  on  two  bents,  allowing  the  wagon 
to  drive  under  the  hopper.  A  gate  operated 
by  a  lever  holds  the  earth  until  the  wagon 
is  in  position  to  receive  it.  This  lever 
should  be  so  placed  so  that  the  driver  of 
the  wagon  can  both  release  the  gate  and 
close  it.  The  added  expense  of  the  gate 
quickly  pays  for  itself,  as  then  the  wagon 
is  loaded  .instantly,  while  with  an  open 
hopper  it  may  take  two  or  three  dips  of 
the  shovel  to  load  a  large  capacity  wagon. 

The  hopper  also  prevents  the  dipper  from 
spilling  dirt  around  the  wagon,  thus  im- 
peding the  wagons  and  necessitating  the 
employment  of  extra  men  to  keep  the 
wagon  road  clear.  The  trestles  of  the  hop- 
per can  be  mounted  on  wheels,  so  as  to  al- 
low it  being  moved  forward  as  the  shovel 
advances.  Two  men  with  bars  can  move 
the  hopper  or  it  can  be  run  ahead  with  a 
bumper  pole  by  the  shovel,  as  the  latter  is 
moved.  Such  a  hopper  is  also  valuable  in 
loading  wagons  when  it  necessary  to  have 
the  shovel  working  on  a  higher  elevation 
than  the  wagon.  The  shovel  then  drops  its 
load  into  a  chute  that  carries  the  earth  into 
the  hopper. 

These  hoppers  will  also  be  found  money- 
savers  in  loading  wagons  on  the  derricks, 
locomotive  cranes  or  cable  ways.  When 
used  in  connection  with  these  machines  it 
is  not  necessary  to  mount  them  on  wheels, 
as  the  hopper  can  be  picked  up  by  these 
machines  and  placed  wherever  desired.  If 
heavy,  sticky  mud  is  being  handled  in  the 
l:oppcrs,  an  air  jet  introduced  into  the  hop- 
per will  cause  the  hopper  to  he  discharged 
quickly,  saving  the  use  of  bars  and  shovels 
to  clean  out  the  mud. 

(To  be  continued.) 
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A  New  Hose  for  Rock  Drills. 

Every  year  the  use  of  hose  increases  in 
construction  work,  and  contractors  are  al- 
ways on  the  lookout  for  a  hose  that  will 
stand  a  high  pressure  and  rough  usage. 
I  he  latter  is  very  important  as  it  seems  to 
he  almost  impossible  to  get  the  onlinary 
workman  to  take  care  of  a  length  of  husc 
Only  a  few  days  ago  the  writer  was  walk- 
ing over  a  large  job  of  rock  excavation  on 
which  a  large  number  of  air  and  steam 
drills  were  used,  and  he  noticed  some  four 
or  five  lengths  of  hose  lying  in  the  snow 
partly  covered  up  and  in  such  a  position 
that  they  were  l>ound  to  l>c  walked  upon. 

.\  hose  that  will  stand  up  under  such 
treatment  must  necessarily  be  a  good  one. 
Realizing  that  a  hose  must  meet  such  con- 
ditions to  give  satisfactory  service,  the 
Mulconroy  Co.,  of  722  Arch  St.,  Philadel- 
phia, Pa.,  has  just  put  on  the  market  a 
new  patented  metallic  hose.  This  hose  is 
extremely  flexible,  and  to  coil  it  or  bend 
does  not  injure  it.  It  is  stated  that  it  will 
stand  a  pressure  of  over  1,000  lbs.,  and 
that  it  will  not  burst,  collapse  or  kink. 

The  hose  is  also  lighter  in  weight  and 
is  said  to  be  cheaper  than  the  ordinary 
hose.  A  special  hose  is  made  for  rock 
drilling,  that  is  suitable  for  either  air  or 
steam.  The  metallic  covering  used  on  this 
class  of  hose  covers  the  entire  hose,  in- 
stea<l  of  leaving  some  exposed  places. 
This  company  also  manufactures  hose  for 
air  brakes  and  manv  other  uses. 


Plastering  Concrete  Surfaces — The  fol- 
lowing staicniLiit  rcg.irclinij  the  plastering 
of  concrete  surfaces  is  made  by  Frederick 
A.  N'orris,  in  a  paper  read  before  the  Na- 
tional Association  of  Cement  Users: 
"There  arc  many  who  believe  that  Portland 
cement  and  sand  plaster  cannot  be  put  on 
a  concrete  surface  and  made  durable  be- 
cause a  proper  bond  cannot  be  formed  be- 
tween the  backing  and  the  surface,  and 
that  such  plaster  will  crack  and  fall  off 
in  the  course  of  time.  It  is  possible,  how- 
ever, to  make  a  durable  surface  in  this 
way,  and  it  has  been  done  on  many  diflfer- 
ent  pieces  of  work.  It  is  absolutely  neces- 
sary to  have  the  face  of  the  concrete  thor- 
oughly roughened  up  generally  by  tooling 
for  the  purpose  of  insuring  a  proper  btmd, 
and  the  surface  must  \te  thoroughly  wet 
before  the  first  coat  of  plaster  is  applied. 
This  first  coat  must  be  thrown  on  with 
f..ri-,-  r.mi.'lirMed  up  and  allowed  to  set 
nJ  coat  is  applied,  because 
..;..>.(  .4i:«.  lilt  weight  of  the  second  coat 
will  tend  to  break  the  bond  of  the  first 
coat.  The  second  coat  must  then  be  ap- 
plied in  the  same  manner  .t«  t)\r  !ir«t  mat. 
The  finishing  coat  can  tl  n 

or  applied  in  any  other  .  >  r. 

which  is  well  known,  after  the  second  coat 
has  been  set  and  thoroughly  wet  down 
The  finish  plaster  should  be  kept  covered 
and  wet  for  at  least  one  week.  If  large 
surfaces  arc  to  be  treated,  joints  should 
be  left  10  overcome  contraction  cracks." 
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Roads  and  Streets  Section 


«.,  *°  I  -ff  "  '*  ''^''*'*^''  ^"^  methods  and  costs  of  road  and  street  con= 
J^TJ!"":  '*7"'„*=°^^'-  "-^^d  building  in  all  its  details,  the  construction  of 
pavements,  sidewalks  and  gutters,  the  testing  and  use  of  paving  materials  and 
the  machmery  and  tools  used  in  road  building  and  paving. 


Methods  of    Preventing     Damage    to 

Road  Surfaces  by  High  Speed 

Motor  Cars.* 


trials  or  road  races  by  automobiles  are  held 
upon  any  of  the  highways  under  the  con- 
trol of  the  state,  there  shall  be  deposited 
in  his  office  a  very  substantial  sum  in  each 
ease,  which  shall  constitute  a  guarantee 
fund  from  which  shall  be  paid  the  expense 
of  repairing  the  damage  caused  by  such 
races. 


The    manner    in    which    the    high-speed 
motor   cars  damage  the  road  surface   was 
discussed   in   a  number  of  the  papers   sub- 
mitted   to    the   Congress.     Much    has   been 
said  about  the  suction  of  the  broad  rubber 
tires  of  motor  cars  drawing  from  the  road- 
bed   the   binding   material    upon    which    its 
life  depends,  and  while  this  is  in  a  measure 
responsible  for  the   dust  nuisance  and   the 
rapid   deterioration   of  highways   subjected 
to  heavy  motor  traffic,  it  is  not  the  chief 
cause    of    damage.     Stone     roads,      water- 
bound   with    screenings  or   sand,   were  de- 
signed to  sustain  a  rolling  traffic,  and  with 
reasonably  broad  tires  and  moderate  speed, 
very  little  damage  is  caused  by  such  traffic, 
although    the   loads   may   be    very    heavy. 
The  motor   car,   however,  is  a  self-driven 
vehicle,  the  power  being  usually  applied  to 
the  rear  axle,  and  the  rear  wheels  act  as 
driving  wheels.    The  tractive  force  or  shear 
exerted    upon    the    road    surface    by    these 
driving  wheels  is  doubtless  the  chief  cause 
of  the  injury  which  is   so  apparent.     The 
fine  dust  or  binding  material  is  not  so  much 
sucked  out  of  the  roadway  by  the  rubber 
tires  as  it  is  ground  out  and  thrown  into 
the   air   by   the    driving   wheels.     The   ob- 
servation  of  a  fast  moving  car  will   show 
that  this  is  the  case.     The  dust  raised  by 
the    forward    wheels    is    slight   and    almost 
inappreciable  on  a  road  in  good  condition, 
while  that  raised  by  the  rear  wheels  is  very 
noticeable.     This    fact    is    brought    out    by 
the  report  presented  by  Mr.  L.   W.   Page, 
Director    of   the    United    States    Office    of 
Public   Roads,    who   was   chairman  of   the 
American  delegation  to  the  Congress.     It  is 
also  emphasized  in  the  report  of  Professor 
Petot,  of  the  Faculty  of  Sciences  at  Lille, 
who  says : 

"The  reactions  of  wheels  which  are 
drawn  may  be  neglected,  but  those  of  driv- 
ing wheels  may  be  very  high.  As  the  con- 
ditions of  the  surface  layer  of  the  ground 
to  which  these  reactions  are  applied  are 
unfavorable  for  resisting  them,  they  are  the 
main  cause  of  wear  and  tear  on  roads 
traveled  by  automobiles.  Hence  it  should 
be  sought  to  give  tangential  cohesion  and 
elasticity  to  the  top  surface  of  the  roadway 
by  a  proper  choice  and  arrangement  of  the 
materials  of  which  it  is  made." 

The  recent  deterioration  of  the  surface  of 
the  highways  of  France  is  very  noticeable. 


•From  a  report  on  the  First  International 
Road  Congress  submitted  to  the  Board  ot 
Estimate  and  Apportionment  of  New  York 
City  by  its  Chief  Engineer,  Nelson  P.  Lewis 


and  M.  Renardier  estimates  that  fully  1,250 
miles  of  these  roads  show  a  marked  in- 
jurious effect  resulting  from  automobile 
travel,  this  mileage  being  entirely  on  the 
national  roads,  which  are  those  most  fre- 
quented by  automobiles. 

While  the  roads  of  Great  Britain  are  ex- 
cellent,  the   system   is   not   as   ocmplete   as 
that  of  France.     The  roads  have  not  been 
classified,  and  there  is   not  the  same  uni- 
form   system   of   construction   and   mainte- 
nance.    The  damage  caused  to  these  high- 
ways by  the  automobile  is  quite  as  evident 
as  in  France,  and  the  figures  presented  to 
the    Congress   showing   the   extent   of   this 
damage   are   quits   as   impressive.     Mr.    G. 
Montague  Harris,  secretary  to  the  County 
Councils'  Association,   estimates   that   from 
1896  to  1906  the  cost  per  mile  of  maintain- 
ing  the    English    macadam    roads    has    in- 
creased 30.9  per  cent  in  the  case  of  rural 
main  roads  and  9.4  per  cent  in  the  case  of 
urban   main   roads.     Statistical    data    rela- 
tive   to    the    main    roads    in     Nottingham 
County,  England,   show  that   while  the  in- 
crease   in    the    annual   cost   of   maintaining 
the   highways    from   1895   to   1900   was   4.7 
per  cent,   the   increase   in   the   annual   cost 
between  1900  and  1905  was   19.5  per  cent. 
That    the   latter   five-year   period    was   co- 
incident with  the  first  general  use  of  motor 
cars   is  certainly  more  than  a  coincidence. 
Another   paper  presented   to  the   Congress 
showed   that   within   five  years   the  annual 
cost   of   maintenance   of   the    rural     main 
roads  of  England  and  Wales  had  increased 
20  per  cent,  while  during  the  same  period 
the  cost  of  maintaining  roads  of  the  same 
description    in    the   seven    counties    nearest 
to  London  showed  an  average   increase  of 
nearly  38  per  cent,  and  for  the  year  end- 
ing   in    March,    1908,    the    increase    in    the 
same  seven  counties  was  nearly  48  per  cent 
over  that  obtaining  in  1901.     Still  another 
delegate  to  the  Congress  estimated  the  rise 
in  the  annual  cost  of  maintaining  the  main 
roads  of  all  of  England  and  Wales  during 
the  past  six  years  to  be  21  per  cent. 

In  this  country  accurate  data  concerning 
tlie  life  of  roads  and  their  constituent  ma- 
terials and  the  cost  of  repairs  and  main- 
tenance have  not  been  as  intelligently  kept 
as  in  Europe,  but  that  this  problem  of  the 
effect  of  the  motor  car  upon  our  highways 
has  forced  itself  upon  those  responsible 
for  our  roads  is  quite  apparent.  The  State 
Engineer  of  New  York  in  his  last  report 
suggests  that  "if  the  high-speed  machines 
are  to  be  allowed  upon  our  highways  they 
should  be  taxed  in  proportion  to  the  maxi- 
mum speed  of  which  they  are  capable." 
He  has  also  insisted  that  before  any  speed 


It  is  needless  to  give  further  testimony 
as  to  the  extent  of  the  damage  now  being 
done  and  the  necessity  for  serious  consid- 
eration of  the  problem  which  is  presented, 
and  of'  devising  some  method  of  solution. 

The    development   of   a    system   of   good 
roads  has  always  been  a  slow  process.     The 
Romans   alone   among   the   nations    of   the 
earth  appear  to  have  appreciated  the  potent 
influence   of  the   highway  upon   civilization 
and  commerce,  and  they  planned  and  built 
their    roads    to    stimulate    the    development 
of   the   country.     Other   nations    have    de- 
ferred   their    road    building    until    the    de- 
mands of  traffic  and  the  necessity  for  easy 
communication    compelled    it.     During   the 
last   generation   great   progress     has     been 
made,  and  half  a  decade  ago  all  progressive 
countries    had    not    only    paved    their   city 
streets   with   substantial,  smooth  and  sani- 
tary pavements,  but  had  created  systems  of 
interurban    roads   in    rural    districts    which 
were    fairly   smooth    and     relatively     free 
from  mud  and  dust,  and  upon  which  travel 
was  comfortable  and  reasonably  rapid  with 
horse-drawn   vehicle.     Then  came  the  mo- 
tor car,  and  in  a  very  few  years  conditions 
have   changed  to   such   an   extent  that  the 
problem   of  maintaining  the  highways  fre- 
quented  by   these   vehicles   is   commanding 
universal  attention.     The    cloud     of     dust 
raised  by  the  motor  car  tells  its  own  story. 
It    means    not    only   great    discomfort    for 
others  using  the   road  and  those  dwelling 
in    its   vicinity,    but    the    very   life    of   the 
structure  is  being  taken  from  it.     It  is  said 
that  in  a  district  near  the  City  of  New  York 
well  known  for  its  excellent  highways  and 
in  favor  with  the  business  and  professional 
men  of  New  York  as  a  place  of  summer 
residence,  it   was   formerly  possible  to  live 
in    entire   comfort   in   a   dwelling   within   a 
hundred   feet  or  less  of  a  public  highway. 
Since  the  advent  of  the  motor  car  the  dust 
nuisance  along  these  highways  has  become 
so   serious  that,   to  insure  comfort,   dwell- 
ings must  be  placed  three  or  four  hundred 
feet   from   the  highways,  necessitating  the 
purchase  of  much  more  extensive  grounds. 
The  problem   is  not  a  fad  or  a  fancy,  but 
an  acute  condition  which  must  be  met. 

How  can  the  conditions  which  have  been 
outlined  be  improved?  Three  solutions 
su.ggest  themselves : 

First — The  speed  of  motor  cars  can  be 
controlled  by  rigidly  enforced  police  regu- 
lations, so  that  their  effect  upon  the  road 
will  be  no  more  destructive  than  that  of 
the  former  horse-drawn   vehicle. 

Second— The  motcr  traffic  could  be  seg- 
regated and  confined  to  roads  built  espe- 
cially for  it,  and   so  constructed  as   to  be 
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tIu^tltss  and  imaffccted  l>y  il<c  rubber  tired 
driving   wheels  and   hiyh   speeds. 

Third — The  roads  coidd  be  gradually  re- 
constructed with  a  binding  material  which 
will  be  proof  against  the  disintegrating 
forces  exerted  upon  them  by  motor  cars 
running  at  high  speed,  and  pending  such 
reconstruction  the  roads  could  be  so  treat- 
id  as  to  abate,  if  not  entirely  eliminate,  the 
present  nuisance. 

The  first  plan  is  undoubtedly  impracti- 
cable. To  effectually  police  our  suburban 
and  country  roads  and  prevent  running  at 
high  speed  would  require  an  army  of  men, 
would  involve  enormous  expense  and 
would  reduce  the  motor  car,  one  of  the 
most  useful  and  remarkable  mechanical  de- 
velopments of  recent  years,  to  a  useless 
toy,  if  not  an  absurdity.  It  would  be  a 
confession  of  failure  to  cope  with  the 
problem  and  would  be  a  long  step  back- 
ward, and  may  be  dismissed  without  fur- 
ther comment. 

The  second  plan,  the  segregation  of  mo- 
tor traffic  upon  roads  especially  designed 
for  it,  might  be  possible,  but  would  involve 
cither  a  restriction  of  such  traffic  to  very 
few  roads,  or  a  duplication  of  the  present 
highway  system  at  enormous  expense. 
This  expense,  it  might  be  claimed,  should 
be  imposed  upon  those  using  motor  cars, 
either  by  tax  or  toll,  as  in  the  case  of  the 
motor  parkway  on  Long  Island,  a  section 
of  which  has  been  completed  and  upon 
which  were  held  the  last  Vandcrbilt  cup 
races.  This  would  mean  that  the  cost  of 
motoring  would  be  so  greatly  increased  as 
to  be  beyond  the  reach  of  any  but  the 
very  wealthy.  It  would  also  be  asked  why, 
if  the  roads  can  be  built  to  withstand  this 
kind  of  traffic,  the  method  should  not  be 
applied  to  our  existing  highways.  Special 
motor  roads  will  therefore  be  built,  if  at 
all,  by  private  initiative,  and  at  private  ex- 
pense, as  is  the  case  with  the  one  referred 
to  on  Long  Island,  and  will  be  used  only 
for  high  speeding,  which  would  be  entirely 
inconsistent  with  public  safety  on  the  high- 
ways. Such  a  plan  cannot  be  considered  as 
a  solution  of  the  problerr.. 

The  third  method,  then,  remains  for  se- 
rious consideration,  and  it  is  the  one  which 
was  favored  in  nearly  all  of  the  reports 
presented  to  the  Congress  which  dealt  with 
the  question  of  construction. 

It  must  be  conceded  that  grit  or  stone 
dust  of  the  same  kind  as  that  of  which 
the  road  is  built,  sand,  sandy  loam  and 
mixtures  of  sand  and  clay,  are  not  suitable 
as  binding  material  for  roads  which  are 
freely  used  by  motor  cars.  .Xs  stated  by 
.M.  Mauhieu,  Engineer  of  Bridges  and 
Roads,  of  Paris :  "Only  a  perfectly  homo- 
geneous roadway,  of  which  all  the  fine  sur- 
face materials  are  protected  against  being 
.scattered,  is  able  to  stand  the  passage  of  the 
extra  rapid  vehicles  in  use  today."  Either 
the  roadbed  must  be  so  hard  and  dense  as 
to  be  unaffected  by  the  traffic  or  a  more 
viscous   and   elastic   binding   material    must 
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some   form  of  bitumen   is   i  .d   10 

this  purpose.  Many  different  kinds  and 
grades  arc  available— asphalt,  tar.  pitch 
and  oil,  and  there  are  patented  mixtures  as 
to  the  efficacy  of  which  extrav.igant  claims 
are  made,  and  patented  devices  for  their 
application.  The  bituminous  material  may 
be  used  in  various  ways,  but  there  arc  four 
general  methods: 

First — Coating  the  suri.ni-  to  ir.nii,  tem- 
porarily, at  least,  a  waterproof  and  diistless 
road. 

Second — The  penetration  method,  by 
which  the  bituminous  matter  is  forced 
down  into  the  broken  stone,  and  sand  or 
screenings  are  used  to  take  up  the  excess 
of  bitumen. 

Third — The  interposition  of  the  bitumi- 
nous mixture  between  the  bottom  course 
of  stone  (in  many  cases  the  existing  road) 
and  the  top  course,  or  new  wearing  sur- 
face, and  the  forcing  of  the  upper  course 
into  the  mixture,  additional  material  being 
added  to  the  surface  to  completely  fdl  the 
interstices  between  the  stones,  while  sand 
or  screenings  are  applied  to  take  up  any 
excess  upon  the  surface. 

Fourth — The  mixing  method,  under 
which  the  stone  which  is  to  form  the  wear- 
ing surface  is  thoroughly  coated  with  the 
hot  bituminous  cement,  with  a  proper 
amount  of  screenings  and  other  fine  ma- 
terial added  to  reduce  the  voids,  the  mix- 
ture being  spread  upon  the  road  while  hot. 
after  which  it  is  thoroughly  rolled,  as  in 
the  case  of  the  ordinary  asphalt  pavement 
or  bituminous  macadam  of  the  American 
type,  the  surface  again  being  coated  with 
sand  or  screenings,  as  in  the  other  cases. 

The  first  method,  that  of  surface  coating, 
can  be  considered  temporary  or  palliative 
only.  The  material  most  commonly  used  is 
tar  or  oil,  the  latter  being  frequently  ap- 
plied as  an  emulsion. 

The  result  of  oil  sprinkling  on  the  park- 
ways of  Boston  is  given  in  a  report  pre- 
sented to  the  Congress  by  Mr.  John  A. 
Pcttigrcw,  Superintendent  of  Parks.  The 
first  application  of  the  season  is  an  emul- 
sion containing  about  16  per  cent  of  oil. 
Renewals,  which  are  made  in  from  ten  to 
twenty-five  days,  according  to  location  and 
volume  of  traffic,  contain  from  S  to  10  per 
cent  of  oil.  The  cost  of  this  treatment  is 
said  to  be  less  than  that  of  water  sprinkling 
by  more  than  4")  per  cent.  An  oil  emulsion 
quite  similar  to  that  used  on  the  Boston 
parkways  has  recently  been  tried  on  the 
park  roads  in  the  Borough  of  Manhattan, 
but  there  is  no  data  at  hand  In  determine 
the  cost  as  compared  with  water  sprinkling. 
Surface  applications  of  tar  have  been  quite 
successful,  and  the  material  is  applied  cither 
by  sprinkling  or  painting.  Oil  sprinkling 
is  frequently  applied  to  soft  roads;  tar  is 
successfully  usc<l  only  on  hard  macadam. 
The  proper  metho<l  of  applying  tar  to  the 
surface  of  existing  roads  is  given  in  a   rc- 
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and  Grounds,  Washington,  D.  C,  and  one 
of  the  delegates  to  the  Congress,  as  fol- 
lows : 

"Before  applying  the  tar  the  macadm 
must  be  brought  to  grade  and  filled  with 
fine  screenings,  rolled  and  subjected  lo 
traffic  until  firm.  The  mechanical  bond  of 
the  macadam  must  be  as  perfect  as  possi- 
ble, and  no  reliance  should  be  placed  on 
the  tar  to  do  the  binding.  Crude  tars  must 
not  be  used,  as  they  contain  ammonia  and 
other  objectionable  substances.  It  is  best 
to  use  one  or  more  of  the  prepared  tar 
products,  which  fulfill  the  physical  and 
chemical  requirements.  The  work  should 
be  done  only  in  warm,  dry  weather.  The 
macadam  should  be  swept  clean,  and,  if 
necessary,  brushed  with  wire  brooms,  and 
the  surface  must  1)C  perfectly  dry  to  a 
depth  of  at  least  one  inch  before  applying 
the  tar.  The  tar  should  be  applied  hot,  at 
a  temperature  of  about  200  degs.  Fahr . 
allowed  to  percolate  several  hours,  and 
then  covered  with  sand  or  fine  stone  screen- 
ings. Several  hours  after  the  screenings 
have  been  spread  it  should  be  rolled  and 
additional  screenings  put  on,  if  the  tar 
squeezes  up  through  them.  Traffic  should 
be  kept  from  the  road  for  several  days 
after  the  rolling  in  order  to  give  the  tar 
an  opportunity  to  penetrate  and  become 
cool." 

It  is  generally  conceded  that  tar  can 
only  be  successfully  applied  in  fair  and 
warm  weather  and  when  the  surface  of  the 
road  is  entirely  dry.  The  cost  of  tar  paint- 
ing, or  surface  treatment,  is  estimated  at 
about  one-half  that  of  tar  macadam  laid 
by  the  mixing  method  hereafter  described. 
This  method  of  surface  application  is  much 
in  vogue  at  the  present  time  on  the  high- 
ways in  the  vicinity  of  Paris,  and  even  on 
some  of  the  principal  thoroughfares  of  the 
city  itself.  Some  apparently  excellent  re- 
sults have  been  obtained  in  this  way,  no- 
tably on  the  .\venue  du  Bois  dc  Boulogne, 
a  much  traveled  street,  where  the  macadam 
pavement  when  seen  by  the  writer  had 
almost  the  appearance  of  asphalt.  Tar 
sprinkling  or  painting  has  many  enthusias- 
tic advocates  in  France,  who  make  the  most 
extravagant  claims  as  to  the  efficacy  of  this 
treatment  as  a  complete  solution  of  the 
dust  problem. 

Mr.  Clifford  Richardson,  one  of  the  dele- 
gates of  the  Federal  Government  to  the 
Congress,  while  recognizing  the  great  tem- 
porary benefit  of  surface  applications,  con- 
cludes that  attempts  to  save  woniout  roads 
in  this  way  arc  doomed  to  failure.  He  be- 
lieves that  a  dustless  road  can  only  be  se- 
cured by  the  substitution  of  a  bituminous 
concrete  for  the  old  type  of  macadam,  and 
that  in  constructing  such  a  surface  asphalt 
will  give  more  satisfactory  results  than 
can  l>e  secured  by  the  use  of  tar. 

The  second,  or  penetration.  nictboH  con- 
sists of  forcing  the  biluniinous  ccmont  into 
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the   surface  of   existing   or   new  macadam 
roads.     If  applied  to  an  existing  road  the 
surface   is   first   loosened,  after  which   the 
hot    tar    or    other    bituminous     matter      is 
spread  over  the  loosened   stones,   witli  the 
addition  of  a  certain  amount  of  screenings 
or  other  fine  material,  and  the  surface  is 
then  thoroughly  rolled.    The  use    of    this 
method  on  new  roads  is  described  by  Mr. 
Walter  W.  Crosby,  Chief  Engineer  of  the 
Maryland    Road    Commission,    and   one   of 
the  delegates  to  the  Congress,  as  follows : 
"The  best  method  yet  devised  seems  to 
be  that  of  nearly  completing  the  macadam 
as  if  no  tar  were  to  be  used,  and  then,  in- 
stead of  finally  'flushing'    (i.   e.,   of  filling 
the  smallest  voids  with  the  finest  sizes  of 
stone  by  the  aid  of  water),  to  saturate  as 
nearly  as   possible   the   mass   with    refined 
tar  heated  to  sufficient  fluidity  for  penetra- 
tion.    Provided  the    irreducible     interstices 
between   the   larger   stones  are   filled   with 
the  smaller  sizes  down  to  the   'flour,'  but 
the  flushing  in  of  the  'flour'  has  not  pro- 
ceeded to  that  point  where  the  mass  would 
be    impervious    to    pentration    by    the    tar, 
the  results  will  be  practically  perfect.     Suc- 
cessive applications  of  tar  may  be  required, 
and  some  objection  may  be  raised  to  the 
time   required   for   this   process.     It   would 
seem,  however,  that  in  view  of  the  at  least 
theoretically    better   results    to   be    secured 
in  this  way,  and  of  the  fact  that  no  sac- 
rifice in  economy  of  materials  nor  of  any 
of  the  principles   underlying  the  construc- 
tion   of   macadam    is   involved,    that    some 
extra  length  of  time  in  the  process  might 
be    justified.     It    is    entirely    possible   that, 
in    the    investigations    regarding   the    bitu- 
minous  cement   to   be   used,   a  vehicle   for 
carrying   it    swiftly   into    its    place   in   the 
stone  aggregate  may  be  found  so  that  this 
objection  will  be  met,   or  at  least  reduced 
to  the  minimum." 

The  third  method,  or  the  interposition 
of  the  bituminous  mixture  between  the  bot- 
tom and  top  courses,  is  best  typified  by 
what  is  known  as  the  Gladwell  system,  and 
was  described  by  Mr.  Gladwell  himself. 
Engineer  and  Surveyor  to  the  Eton  Rural 
District,  England,  in  a  paper  presented  to 
the  Congress.  After  the  foundation  course, 
which  is  frequently  the  surface  of  an  old 
road,  has  been  brushed  clean,  a  binding  ma- 
terial composed  of  a  bituminous  cement 
mixed  in  proper  proportions  with  screen- 
ings or  shippings  of  fine,  clean  granite, 
quartzite,  basalt  or  other  hard  stone  is 
spread  upon  the  surface.  Upon  this  bind- 
ing material  is  placed  a  layer  of  ordinary 
broken  stone,  with  no  special  preparation 
e.xcept  careful  breaking  and  the  elimina- 
tion of  dust  and  small  particles.  A  small 
amount  of  this  binding  material  is  then 
lightly  spread  and  brushed  into  the  sur- 
face interstices  and  the  surface  is  rolled 
until  the  mass  is  fairly  solid.  A  top  dress- 
ing of  hot,  bituminous  cement  in  the  pro- 
portion of  about  one  quart  to  each  square 
yard  is  flooded  over  the  surface,  after 
which  it  is  sprinkled  with  dean  chippings, 


or  screenings,  of  the  same  character  as 
those  already  described  as  forming  the 
binding  material,  and  the  surface  is  then 
thoroughly  rolled.  The  cost  of  this  treat- 
ment is  given  by  the  County  Surveyor  of 
Fife,  Scotland,  as  from  8  to  12  cents  per 
square  yard  more  than  that  of  ordinary 
macadam. 

The  fourth,  or  mixing,  method  is  perhaps 
more  expensive  than  those  already  de- 
scribed, but  it  is  probable  that  this  method 
will  be  more  likely  than  any  of  those  yet 
mentioned  to  result  in  a  road  which  is 
structurally  and  inherently  dustless.  What 
is  known  as  Bitulithic  pavement  is  of  this 
type,  but  in  Bitulithic  special  care  is  taken 
to  grade  the  mineral  matter  as  to  size  in 
order  to  produce  a  wearing  surface  of  great 
density,  and  the  cost  of  the  pavement  is 
too  great  to  permit  its  use  upon  rural  high- 
ways. 

There  has  been  laid  in  the  Borough  of 
Richmond  a  limited  amount  of  what  is 
called  asphalt  macadam,  in  which  the  mix- 
ing method  has  also  been  followed,  and  the 
results  appear  to  be  excellent.  The  State 
Board  of  Public  Roads  of  Rhode  Island  has 
built  some  miles  of  this  type  of  highway 
with  most  satisfactory  results.  The  meth- 
ods used  are  given  in  a  paper  read  before 
the  American  Society  of  Civil  Engineers  by 
Mr.  A.  H.  Blanchard,  who  is  in  imme- 
diate charge  of  this  work.  The  roads  have 
been  examined  by  the  writer  and  were 
found  to  be  in  almost  perfect  condition  and 
entirely  free  from  dust.  A  number  of 
these  roads  were  built  under  contracts  let 
for  ordinary  macadam,  the  State  Board 
having  agreed  with  the  contractor  to  adopt 
the  new  method  of  construction,  the  con- 
tractor crediting  the  board  with  the  value 
of  work  not  required,  the  board  furnishing 
the  bituminous  cement,  and  the  extra  work 
being  paid  for  at  cost  plus  15  per  cent. 
The  cost  of  tar  macadam  constructed  by 
the  mixing  method  was  12  cts.  per  sq.  yd. 
greater  than  the  contract  price  for  ordi- 
nary macadam.  The  cost  of  a  similar 
macadam  in  which  the  bituminous  cement 
was  composed  of  one-half  tar  and  one-half 
asphalt  was  13.3  per  cent  greater  than  that 
of  ordinary  macadam,  while  the  resulting 
road  was  especially  satisfactory.  A  similar 
construction  in  which  tarvia  was  used  as 
the  bituminous  cement  exceeded  in  cost  the 
ordinary  macadam  by  15.1  cts.  per  sq.  yd. 
This  slight  difference  in  cost  was  undoubt- 
edly due  to  excellent  management  and  care- 
ful oversight,  and  similar  results  would  not 
be  obtained  except  under  equally  careful 
supervision,  but  it  has  been  demonstrated 
that  at  an  increased  cost  within  the  reach 
of  any  community  it  is  possible  to  secure 
a  dustless  road  incomparably  better  adapted 
than  is  ordinary  macadam  to  motor  car 
traffic.  Meanwhile  it  has  been  shown  to 
be  possible  to  overcome  in  a  large  degree 
the  present  dust  nuisance  by  surface  treat- 
ment consisting  of  the  application  of  a 
binding  material.  This  binder  may  be 
temporary  only  in  its  effects,  such  as  light 


oils,   tars  and   emulsions   and   solutions    of 
various    salts,    having    marked    affinity    for 
water,  thereby  keeping  the  road  surface  in 
a   moist   condition.     The    results     obtained 
on  the  Boston  parkways  by  the   use  of  oil 
emulsions   have   already   been    noted.     The 
binder  may  be  of  a  more  permanent  char- 
acter,  such   as  heavy  oils,  tars   and   liquid 
asphalts,  one  application  of  which  will  un- 
der moderate  traffic  prevent  the  formation 
of  dust  to  any  great  extent   for  an  entire 
season.     Such  treatment  should  not  be  ap- 
plied  in   a   haphazard   way,   but    should   be 
the  subject  of  careful  investigation  to  de- 
termine the  material  and  method  of  appli- 
cation  best   suited   to   the    existing  condi- 
tion.    An   excellent   paper   upon    this   sub- 
ject   by    Mr.    Prevost    Hubbard,    Assistant 
Chemist,   Office   of   Public   Roads,    has    re- 
cently been  issued  by  the  United  States  De- 
partment of  Agriculture  as  Bulletin  No.  34 
of  the  Public  Roads  Bureau.     In  it  the  au- 
thor   says:     "It    is    undoubtedly   true   that 
thousands   of   dollars   are   wasted   annually 
in  a  repetition  of  experiments  which  have 
time  and   again   proved     costly     mistakes. 
On  the  other  hand,  experiments  which  have 
given  good  results  in  some  places  have  also 
proved  failures  when  tried  in  different  lo- 
cations.    It  is  necessary,  therefore,  not  only 
that  the  experience  of  others  be  considered, 
but  that  some  thought  be  given  to  the  prob- 
able effect  of  local  conditions  upon  the  re- 
sults which  have  in  general  been  obtained. 
*    *     *     Differences   in    composition     and 
physical   qualities    (of  the  materials   used) 
will  often  explain  the  fact  that  under  other- 
wise similar  conditions  both  good  and  bad 
results   have  been   obtained.     Discrepancies 
in  results,  however,  are  often  obtained  un- 
der varying  conditions  when  the  same  ma- 
terial is  employed  in  each  case."     Mr.  Hub- 
bard's  paper   should   be  carefully   read   by 
every  highway  engineer  in  the  city's  service. 


A  new  electric  dredge  is  to  be  construct- 
ed for  the  Outer  Harbor  Dock  &  Wharf 
Co.,  of  Los  Angeles,  Cal.,  and  will  be  used 
for  the  hydraulic  dredging  work  of  the  com- 
pany. The  contract  for  the  dredge  has 
been  let  to  the  United  Iron  Works  of  Los 
Angeles.  The  machine  will  have  a  maxi- 
mum capacity  of  220  cu.  yds.  per  hour,  or 
5.000  cu.  yds.  per  day  of  24  hours.  The 
current  power  will  be  supplied  by  the  Edi- 
son Electric  Co.  at  a  voltage  of  2,200  volts. 
The  hull  will  be  built  and  the  dredge 
launched  from  the  Outer  Harbor  Dock  & 
Wharf  Co.'s  grounds  and  the  machinery 
will  be  supplied  by  the  local  companies  of 
Los  Angeles.  There  will  be  two  2,000 
volt,  50  cycle,  3  phase  motors  of  the  West- 
inghouse  C.  C.  L.  pattern  and  a  cutter  spe- 
cially designed  to  cut  the  clay  material 
found  in  the  space  behind  the  U.  S.  Gov- 
ernment breakwater  and  the  Timms  Point 
bluffs.  This  dredge  will  embrace  all  the 
newest  improvements  in  its  line  and  also 
many  specially  designed  features  never  be- 
fore used. 


February  lo,  1909. 
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Cost  of  Patching    Asphalt    Pavement, 
Using  a  Small  Repair    Plant. 

IIV     r      K      PtIRIK." 

The  acconipanyiiig  data  relate  to  repair 
work  in  the  city  of  Marion,  Inil.,  through- 
out the  month  of  September,  1908.  This  is 
a  very  good  average  of  the  season's  work, 
after  the  force  was  thoroughly  organized 
and  all  e(|iiipMient  put  into  service. 

A  city  of  the  size  of  Marion  could  not 
afford  a  plant  costing  upwards  of  $20,000, 
which  would  possibly  remain  idle  eleven 
months  out  of  the  year ;  so  we  had  to  look 
for  a  smaller  and  less  e.xpensive  repair 
plant.  We  have  in  our  city  6.G4  miles  of 
asphalt  streets,  or  123,486  sq.  yds.  The 
first  street  was  constructed  in  18!>9  and  the 
last  in  1902.  While  we  have  some  excel- 
lent asphalt  streets,  some  are  much  below 
the  average.  We  found  in  past  experience 
that  to  rely  on  the  asphalt  companies  to  do 
our  repair  work,  it  was  necessary  that  our 
streets  should  become  q'lite  bad  before  any 
company  would  agree  to  come  in  to  do  our 
repair  work,  as  the  repair  yardage  was  so 
small  that  it  would  not  pay  them  to  move 
their  plant  to  our  city,  so  we  could  expect 
them  once  in  two  or  possibly  three  years, 
even  though  the  street  was  under  guaran- 
tee. 

In  the  spring  of  1908,  even  though  two 
of  our  streets  were  yet  under  guarantee, 
our  Board  of  Public  Works  came  to  an 
agreement  with  the  Barber  Asphalt  Co.,  that 
the  city  should  take  care  of  all  streets  un- 
der guarantee  and  that  the  Barber  Asphalt 
Co.  would  relinquish  all  retainer  claims 
that   they  held   against   the  city. 

In  the  meantime  three  of  our  streets  be- 
came quite  bad,  so  we  began  to  look  about 
for  some  relief,  and  finally  purchased  one 
of  Hooke's  largest  combined  asphalt  plants 
and  a  carload  of  asphalt.  To  this  plant 
was  added  another  pan  and  a  700-lb.  hand 
roller. 

The  cost  of  the  plant  was  as  follows : 
Combined     fire     wagon     and     asphalt 

heater  $465 

Freight    42 

Extra  pan  43 

H.ind   roller   65 

Hand  cart  10 

Total  cost  of  plant $625 

Depreciation  on  the  plant  was  figured  on 
the  basis  of  CO  days'  use  for  the  sea.son. 
This,  at  10  per  cent,  amounted  to  $62.50 
or  $25.72  for  the  25  days  for  which  the  cost 
records  are  given. 

We  began  work  July  20,  1908,  and  fin- 
ished or  rather  run  out  of  material,  Nov. 
2Sth.  While  not  working  quite  all  the  time 
we  laid  4,142  sq.  yds.  of  patch  work.  Great 
care  was  taken  about  the  work  and  it  is 
almost  impossible  to  detect  many  places 
where  patches  were  made.  We  used  the 
Acme  asphalt,  wliich  came  already  fluxed, 
and  three  grades  of  sand,  so  as  to  obtain 
as   nearly   a   standard  mix   as   possible,   as 

•ntjr  Rti^neer,  Mnrien.  Ind. 


well  as  to  make  the  mixture  as  dense  as 
possible. 

We  used  Portland  cement  as  a  filler,  in- 
stead  of  stone  dust,  which  caused  the  price 
per  sq.  yd.  to  run  up  somewhat  higher  than 
it  would  have  had  stone  dust  been  used. 
We  had  two  experienced  men  in  the  gang 
.md  paid  them  25  cts.  per  hour,  all  other 
men  were  paid  20  cts.  per  hour.  A  one- 
horse  dump  cart  was  used  for  hauling  ma- 
terial from  stock  room  to  plant,  also  haul- 
ing prepared  material  to  street,  and  cut- 
tings or  old  asphalt  away,  usually  hauling 
same  on  some  nearby  street  as  repairing 
material.  The  cart  man  was  paid  27%  cts. 
per  hour.  The  full  repair  gang  consisting 
of  eight  men,  three  out  on  the  street  and 
five  at  the  plant,  and  one  horse  cart  and 
driver.     Orders  were  given  to  work  until 


l^>l  season  was  an  excellent  one  to  do 
repair  work,  on  account  of  there  being  but 
little  rain.  The  sand  was  kept  as  dry  at 
possible,  and  therefore  was  covered  at 
night,  and  at  daytime  in  case  of  rain.  This 
materially  assisted  in  the  progress  of  the 
work  av  well  as  in  the  saving  of  much 
fuel. 

The  plain  was  located  at  some  con- 
venient point,  near  where  considerable 
patching  was  to  be  done  and  care  was 
taken  not  to  move  the  plant  too  frequently, 
as  this  expense  will  cause  the  price  per 
square  yard  to  rise  quite  rapidly.  We  were 
able  to  get  out  eight  batches  per  day,  pro- 
viding ever}'thing  worked  well.  It  is  in- 
tended to  enlarge  the  mixing  pans  before 
beginning  work  this  season,  and  by  so  do- 
ing it  is  hoped  to  increase  the  output  fully 


DAILY    OUTPUT    AND    COST    FOR    PATCHING    A.SPMALT  STRICKTS  AT  MARION.  IND 

Date  (1908).  ^  dg  S^S  gj2  =- i-  £-6  ^ "  =|  " 

v.g'=^        ^  .  '^o.  wfe  •-t  TiS  ? 

-  -.  -^v°        ^  c  — S  ^  -"  '-'■  ^ 

»=  c=g         m£^  ;^  «t  ;S  i>  . 

i  =5  gtS        Q^t  cu  ct  c-  ^c  I 

Sept.      1 59.9  120.15  »U.56  $3.03  14.20  »3  12  »0.48  $0.«2^  IITH 

Sept.     2 54.7  20.15  14. .SS  3.00  4.20  3.12  0.48  0.S2H  U7Vi 

Sept.     3 54.7  20.15  12.74  2.62H  3.67H  2.73  0.42  0.62^  102^ 

Sept      4 66.0  20.15  14.56  3.00  4.20  3.12  0.48  0.62^4  117Vi 

Sept.     5 60.3  20.15  14.56  3.00  4.20  3.12  0.48  0.624  1"H 

Sept.     8 58.7  19.35  14.56  3.00  4.20  3.12  0.48  0.634  H'H 

Sept.     9 59.8  20.15  14.56  3.00  4.20  3.12  0.48  0.624  H'H 

Sept     10 58.2  20.72  14.56  3.00  4.20  3.12  0.48  0.624  ""H 

Sept.   11 30.8  20.15  9.10  1.874  2-624  1-95  O.JO  0.624             "3H 

Sept     12 41.4  20.15  14.56  3.00  4.20  3.12  0.48  0.624  11"4 

Sept     14 52.9  20.15  14.56  3.00  4.20  3.12  0.48  0.624  H'H 

Sept     15 60.6  20.15  14.56  3.00  4.20  3.12  0.48  0.624  11"4 

Sept    16 G6.6  20.15  14.56  3.00  4.20  3.12  0.48  0.624  "7Vi 

Sept     17 53.2  20.15  14.56  3.00  4.20  3.12  0.48  0.624  "TH 

Sent     18 56.2  20.15  14.56  3.00  4.20  3.12  0.48  0.624  «1'H 

Sept!   19 56.0  20.15  14.56  3.00  4.20  S.12  0.48  0.624  "iH 

Sept    21 56.6  20.15  14.56  3.00  4.20  S.12  0.48  0.624  UZH 

Sept     22         50.3  20.15  14.56  3.00  4.20  3.12  0.48  0.624  HTJI 

§ept     23   52.0  20.15  14.56  3.00  4.20  3.12  0.48  0.624  H'H 

Sept'    24  54.5  20.15  14.56  3.00  4.20  3.12  0.48  0.624  >nV» 

Sept:  25             ..  60.8  20.15  14.56  3.00  4.20  3.12  0.48  0.624  1174 

Sept    26 53.0  20.15  14.56  3.00  4.20  S.12  0.48  0.M4  n74 

Sept    28.  p.m...  19.5  10.15  5.46  1.124  1-574  1.17  0.18  O.SlS             44 

Sept    29... 48.2  20.15  14.66  3.00  4.20  3.12  0.48  0.624  1174 

Sept.  30,  a.m...  33.3  10.27  7.28  1.50  2.10  1.56  0.24  0.31  ft  _M4 

25  days   .1308.0       $483.64       $340.34       $70,124   198.174  $72.93       $11.22       $15.00  I74!« 

•Cost  per  cu.  ft.,  $0,407. 

the  pans  were  cleaned  and  filled  with  sand  25   per  cent,  and  by  using  stone  dust  in- 

at  the  end  of  each  day's  work,  ready  for  stead  of  Portland  cement  for  filler,  to  cut 

fire  the  next    morning.      Four-foot     wood  the  price  down  to  at  least  $075  per  sq.  yd 

was  generally  used  for  firing,  costing  $5.50  or  perhaps  lower. 

per  cord,  yet  some  shorter  wood  was  used.  In  the  tabidation  I  give  the  daily  report 

costing  $1.75     per     cord.      The     Portland  throughout  the  month  of  September,  IfWS. 

cement    cost    $1.10    per    barrel ;    .sand    cost  showing  cost  of  various  materials  used  and 

$0.75  at  the  plant  and  the  asphalt  cost  $30  labor  cost,  also  showing  total  cost  of  plant 

per  ton  f.  o.  b.  Marion.  and  allowing  interest  on  plant   investment 

During  the  25  working  days  in  Septem-  at  t»  per  cent,  making  total  charge,  against 

licr  a  total  of  1,308  sq.  yds.  of  asphalt  pave-  the  60  days,  as  average  time  plant  will  be 

ment  of  an  average  depth  of  2  ins.  was  laid.  in  use  each  season,  also  depreciation  at  10 

The  itemized  cost  was  as  follows:  per  cent  for  the  same  period.     There  has 

Total.     Per.  sq.  yd.  been   nothing  allowed   for   superintendence 

Lahor    $   4^^3.64  $0.3697  of  the  work  as  either  the  city  engineer  or 

Asplialt.       including  his  assistant  will  have  time  to  sec  that  work 

freight    340.34  .2602  is   going   on   as   it   should.     However,    last 

San  J    70  12  .0536  season  I  gave  this  work  quite  considerable 

Cement  ^''•17  0750  attention,  measuring  all  patches  made,  as  I 

jTjicl   72  93  .0557  desired  to  know  just  what  it  was  costing  per 

Cartage 11-22  0086  square  >'ard. 

Interest  l'''^  ■*'"■*  '  ''"  ""'  anticipate  that  we  will  have  as 

Depreciation    25  72  f^lJO  much  repair  work  in  the  next  two  seasons 

Total  $1.117  14  $08,%38  as  we  had  last  season.     I  understand  that 
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one  of  our  neighboring  cities  has  purchased 
a  plant  costing  about  $11,000,  and  having 
possibly  about  the  same  or  a  little  less 
number  of  square  yards  of  asphalt  to  main- 
tain as  we  have  in  our  city.  I  do  not  see 
any  economy  in  a  plant  of  that  kind  and  I 
would  suggest  as  a  compromise  between 
the  extremes,  that  four  or  five  cities  in 
close  pro.ximity  join  in  purchasing  a  plant 
that  could  be  moved  from  one  city  to  an- 
other, making  the  plant  as  nearly  portable 
as  possible  :  this  would  divide  the  cost  of 
the  plant  as  well  as  dividing  amount  of  in- 
terest and  depreciation  charges. 

This  plant  could  be  used  in  resurfacing 
as  well  as  patching,  and  no  doubt  satisfac- 
tory arrangements  could  be  made,  as  to 
time,  that  each  city  was  to  use  the  plant, 
as  ordinarily  from  two  to  three  weeks 
would  be  sufficient  time  for  doing  the  patch 
work  at  any  one  place  ;  yet  in  case  of  re- 
surfacing, from  four  to  six  weeks  might 
be  consumed. 

I  should  be  pleased  to  have  this  matter 
thoroughly  discussed,  as  the  keeping  of  our 
asphalt  streets  in  repair  "in  the  smaller 
cities"  is  surely  a  continual  drain  on  the 
general  fund. 


Unclassified  and  General  Articles 


Note:  This  section  is  devoted  to  methods  and  cost  articles  on  construction 
work  not  properly  coming  under  any  of  the  preceding  classifications. 


The  U.  S.  Civil  Service  Commission  will 
hold  competitive  examinations  this  spring 
for  the  following  positions:  Civil  engineer: 
Department  Service :  civil  engineer,  Philip- 
pine Service  ;  civil  engineer  and  draftsman  ; 
civil  engineer  and  superintendent  of  con- 
struction ;  civil  engineer  student.  Com- 
puter: Coast  and  Geodetic  Survey;  Nau- 
tical Almanac  Office ;  Naval  Observatory : 
Supervising  Architect's  Office.  Draftsman  : 
Apprentice,  Ordnance  Department ;  archi- 
tectural ;  copyist,  topographic ;  engineer ; 
heating  and  ventilating;  junior  architec- 
tural ;  mechanical,  Isthmian  Canal  Service ; 
topographic,  Department  Service ;  topo- 
graphic, Isthmian  Canal  Service :  engineer, 
Indian  Service;  forest  assistant.  Forest 
Service;  forest  assistant,  Philippine  Serv- 
ice ;  superintendent  of  construction.  Ap- 
plication forms  and  information  in  regard 
to  these  examinations  may  be  obtained  by 
addressing  the  U.  S.  Civil  Service  Commis- 
sion, Washington,  D.  C,  or  the  Secretary 
of  the  Board  of  Examiners  at  the  follow- 
ing-named places :  Postoffice.  Boston, 
Mass. ;  Philadelphia,  Pa. ;  Atlanta,  Ga. : 
Cincinnati,  O. ;  Chicago,  111. ;  St.  Paul, 
Minn. ;  Denver  Colo. ;  San  Francisco,  Cal. ; 
custom  house,  New  York,  N.  Y. ;  New  Or- 
leans, La. ;  old  custom  house,  St.  Louis, 
Mo. 


The  New  York  State  Civil  Service  Com- 
mission, Albany,  N.  Y.,  will  hold  exam- 
inations on  Feb.  27  for  the  following  posi- 
tions :  County  superintendent  of  highways 
in  various  counties ;  resident  engineer. 
State  Water  Supply  Commission,  at  $2,400 
per  year.  Applications  must  be  received 
by  Feb.  20.  Further  information  may  be 
obtained  from  the  Chief  Examiner,  State 
Civil  Service  Commission.  Albany,  N.  Y. 


Education  of  Inspectors  at  the   Con- 
tractors' Expense.* 

BV    J-\S.    FORREST.t 

Usually  papers  presented  before  meet- 
ings of  this  kind  are  technical  treatises 
about  recently  advanced  theories  on  design 
or  methods  of  construction  and  uses  of 
materials,  or  else  they  are  descriptions  of 
a  design,  manner  of  prosecuting  work,  or 
a  write-up  of  some  new-fangled  machine. 
But,  in  a  measure  to  be  original  and  to 
present  a  subject  of  much  vital  financial 
interest  and  importance  to  contractors  and 
those  paying  for  work  done  and  of  some 
benefit  to  young  engineers,  and  old  ones  too 
for  that  matter,  it  has  been  decided  to  pre- 
sent this  for  your  attention,  discussion,  and 
approval  or  disapproval. 

It  is  not  the  intention  to  tell  you  some- 
thing that  you  do  not  already  know.  It  is 
to  bring  before  you,  as  a  sort  of  a  re- 
minder, this  very  important  question  of  in- 
spection which  in  the  past  seems  to  have 
been   entirely  overlooked   and   neglected. 

The  up-to-date  contractor,  in  looking  up 
new  work,  always  endeavors  to  procure 
certain  information  aside  from  material 
prices  and  labor  conditions.  The  first  and 
most  important  being  the  pay,  if  it  is  sure 
and  prompt.  The  next  to  be  looked  after 
are  the  hazards,  risks  and  obstacles  that 
arc  liable  to  be  met  with  and  must  be  over- 
come. The  next  to  be  learned,  if  possible, 
is,  who  the  inspector  is  to  be.  Here  the 
enumeration  will  stop  as  he  is  to  be  the 
subject  matter  of  this  paper. 

The  probabilities  are  that  the  inspector, 
engineer  in  charge,  superintendent  of  con- 
struction, or  supervising  engineer,  which- 
ever his  vanity  leads  him  to  designate  him- 
self, will  be  one  of  the  following:  A  re- 
cent technical  graduate ;  an  under-graduate 
staying  out  a  year  to  replenish  his  wallet : 
an  old  retired  engineer ;  a  personal  friend 
of  some  politician ;  a  political  heeler  who 
controls  some  votes  and  must  be  on  the 
pay  roll,  or,  if  the  job  and  the  contractor 
are  lucky  or  fortunate,  he  might  possibly 
be  an  engineer  of  ability,  experience  and 
judgment,  who  was  temporarily  out  of  em- 
ployment, or  a  contractor's  foreman  or  su- 
perintendent in  the  same  predicament. 

Now  any  of  these  may  be  dishonest  and 
eager  of  pollution,  which,  if  taken  advan- 
tage of  by  the  contractor,  will  cause  him 
no  loss  as  it  would  return  many  fold  in 
decreased  costs.  However,  very  few,  if 
any,  contractors  who  intend  to  stay  in  busi- 
ness will  stoop  to  buying  inspectors  as  they 


*A  paper  presented  at  the  annual  conven- 
tion of  the  Iowa  Association  of  Cement  Users 
held  at  Des  Moines,  Iowa,  Feb.  2,  3  and  4, 
1909. 

tDeS   Moines,   Iowa. 


generally  get  stung  for  it  later.  This 
phase  of  the  question  need  not  be  discussed 
here  as  the  part  intended  to  be  covered  by 
this  paper  is  that  where  the  contractor 
sufifers  through  the  ignorance,  lack  of  judg- 
ment, overconscientiousness,  or  bull-head- 
edness  on  the  part  of  the  inspector. 

If  all  the  contractors  get  wise  that  they 
are  liable  to  get  the  worst  of  it  all  through 
the  work  the  bids  will  be  higher  than 
necessary.  In  that  case  the  remedies  to  be 
mentioned  later  could  be  applied  and  those 
paying  for  the  work  would  be  greatly  bene- 
fited. Again  this  paper  is  digressing  as  it 
is  from  the  contractors'  standpoint  that  the 
question    is   supposed   to   be   discussed. 

Consider  the  condition  that  nothing  has 
been  added  to  take  care  of  the  shortcomings 
of  the  inspector  and  see  what  is  liable  to 
happen,  first  describing  generally  the  pres- 
ent specifications  and  the  method  of  ob- 
taining  them. 

Years  ago  it  was  customary  to  let  con- 
tracts on  very  primitive  plans  and  specifi- 
cations, sometimes  both  entirely  lacking, 
relying  on  the  honesty  and  experience  of 
the  contractor  for  results.  The  great  of- 
portunity  offered  by  this  condition  devel- 
oped a  class  of  avaricious  contractors 
whose  sole  object  seemed  to  be  to  skin  a 
job,  doing  as  little  for  the  pay  they  got  as 
was  possible.  This  crookedness  became  so 
evident  that  plans  and  specifications  were 
made  more  specific  and  exacting  with 
varying  amounts  of  superfluity  and  impos- 
sibilities until  there  exists  today  specifica- 
tions that  cannot  be  followed  to  the  let- 
ter. If  bids  were  based  upon  strict  ad- 
herence to  them  they  would  be  much 
higher.  And  if  made  to  live  up  to  the  ab- 
solute letter  of  them  a  badly  bent  con- 
tractor would  be  the  result.  Specifications 
as  they  are  today  place  the  contractor's 
money  entirely  at  the  mercy  of  an  engineer 
who  too  often  is  unfit  to  be  entrusted  with 
anything.  It  .must  be  borne  in  mind  that 
often  plans  and  specifications  are  prepared 
by  incompetent  engineers  and  to  follow 
all  of  them  would  be  to  return  to  many 
old  and  worn-out  theoretical  ideas  and 
practices  that  have  long  since  been  dis- 
carded by  the  prominent  and  up-to-date 
engineers  and  contractors. 

The  customary  duties  of  an  inspector  or 
engineer  in  charge  are  to  furnish  all  engi- 
neering data  consisting  of  lines,  grades, 
etc.,  and  to  see  that  plans  and  specifications 
are  followed  honestly,  using  judgment  in 
their  interpretation.  He  should  deviate 
from  them  when  the  welfare  and  progress 
of  the  work  are  at  stake,  allowing  the  con- 
tractor extra  compensation  for  any  extra 
work,  should  there  be  any,  and  when  any 
unforseen  difficulties  arise    that    absolutely 
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prevent  them  from  bcinR  followed.  An  ex- 
ample 01  the  first  would  be  the  specifica- 
tion requirinK  the  plastering  of  any  ex- 
I"  vtci  concrete  surfaces.  This  should  al- 
u.i.^  be  disregarded.  An  example  of  the 
latur  would  be  the  one  met  with  in  river 
foundations  work  requiring  that  no  con- 
crete be  placed  in  water.  This  is  a  fair 
and  legitimate  specification,  but  if  the  work 
should  happen  to  be  in  quick  sand  it  is 
almost  impossible  to  get  all  the  water  out 
of  the  cofferdams  and  an  inspector  with 
judgment  and  experience  knows  that  con- 
crete can  be  placed  in  water  successfully 
if  the  proper  methods  and  precautions  are 
used  and  he  should  permit  it.  Me  must 
of  course  sec  that  it  is  properly  done,  per- 
mitting no  slighting  of  the  work.  Failure 
to  permit  a  deviation  similar  to  this  letter 
would  work  an  iiunecessarv'  hardship  on 
the  contractor  without  any  particular  gain 
in  the  quality  of  the  work. 

Some  examples  of  the  lack  of  judgment, 
experience  and  fairness  on  the  part  of  in- 
spectors might  well  be  mentioned  to  show 
the  financial  and  time  losses  and  inconve- 
niences necessarily  suffered  by  contractors 
in  being  made  to  live  up  to  the  absolute 
letter  of  the  specifications  and  carry  out 
patent  and  new-fangled  ideas  both  in  re- 
gard to  finished  work  and  methods  of  ob- 
taining it.  invented  by  the  inspectors  and 
insisted  upon  by  them.  In  some  cases 
enmity  toward  the  contractor,  selfishness  in 
prolonging  the  job,  possibly  some  fear  be- 
cause of  the  lack  of  experience  and  an  in- 
flated opinion  of  their  own  prowess  and 
intelligence  are  the  probable  causes.  Piles 
2  ins.  short  of  specified  length  were  reject- 
ed, even  though  2  ft.  were  cut  off  after 
being  driven  in  the  foundation  pits.  Speci- 
fications called  for  stone  with  dust  screened 
out.  Many  cars  of  stone  were  rejected 
because  in  shipping  the  friction  of  the 
pieces  of  soft  limestone  on  each  other  pro- 
duced a  little  dust.  Longitudinal  expan- 
sion joints  of  freak  design  were  ordered 
placed  in  the  skcw'-backs  and  arch 
haunches,  the  reasons  for  which  were  not 
given,  except  that  they  wanted  them.  The 
furnishing  of  levels  as  soon  as  asked  was 
refused  because  the  specifications  required 
that  the  inspector  be  notified  a  certain 
length  of  time  before  any  lines  or  grades 
were  desired.  It  was  insisted  that  piers  be 
washed  and  rubbed  down  to  the  footings  6 
ft.  below  low  water,  .\fter  a  day's  con- 
creting in  a  pier  footing  it  was  insisted 
that  the  pump  run  till  0  o'clock  at  night, 
and  it  was  a  sad  sight  to  see  the  good 
cement  being  pumped  out.  But  as  it  cost 
a  little  extra  it  was  demanded,  when  every 
one  knows,  or  should  know,  that  concrete 
sets  the  best  tuidor  still  water.  It  seemed 
in  some  cases  that  the  specifications  were 
deviated  from  only  when  it  cost  the  con- 
ir.iclor  more,  even  to  the  detriment  of  the 
bridge.  They  were  strictly  adhered  to 
whenever  the  expense  remained  great  with 
no  particular  gain  to  the  bridge.  .\n  iii- 
••peclor    on   a    steel    building    would    permit 


iiu   painting   of   steel   in     frosty     weather. 
Thi.s   was   not   because   he    was   afraid  the 
paint  would  be  frozen,  but  because  the  frost 
in  the  steel,  when  it  e;i; 
otT  the  paint.     He  wa.^  ; 
the  porosity  of  steel  but  «■ 
lo   control   the   destiny  ot   .1 
There  are  inspectors  who    have     required 
field   rivets,   which   have  been   battered   by 
driving,  to  be  cleaned  of  rust  by  hand  with 
a   piece   of  emery  paper.     Some   inspectors 
have  graduated   from   colleges  many  years 
ago  and  more  is  expected  from  them,  but 
it  seems  that  they  are   rather  cut  out   for 
street  car  conductors. 

Many  other  very  unpleasant  things  come 
up  on  large  work  where  one  or  more  in- 
spectors arc  working  under  a  head  in- 
spector or  engineer,  each  with  their  special 
duties  to  perform.  A  sub-inspector  will  in- 
struct the  contractor  to  proceed  with  a 
certain  part  of  the  work  in  a  certain  man- 
ner. .As  soon  as  he  is  rigged  up  and  well 
started,  along  comes  the  "big  chief  in- 
spector and  orders  it  done  in  an  entirely 
different  manner. 

A  very  frequent  case  where  both  the 
structure  and  the  contractor  suffer  is  when 
piles  are  required  to  be  driven  till  the  final 
penetration  is  the  same  as  that  mentioned 
in  the  specifications.  The  point  at  which 
to  cease  hitting  a  pile  is  a  very  difficult  one 
10  determine.  It  is  entirely  a  matter  of 
judgment.  If  specifications  are  strictly  ad- 
hered to  in  regard  to  the  amount  of  the 
final  penetration  a  badly  shattered,  broom- 
ed, or  sheared  pile  with  a  conseqeunt 
weakened  foundation  and  a  greatly  incon- 
venienced contractor  often  result. 

There  seems  to  be  no  recourse  from  the 
unreasonable  demands  of  an  inspector  as 
he  is  nearly  always  empowered  to  discharge 
any  man  on  the  work.  Consequently  then- 
is  nothing  for  the  contractor  to  do  but  to 
take  his  medicine  and  grin.  It  is  mys- 
terious that  there  have  not  been  a  great 
many  charges  of  assault  and  battery  with 
intent  to  do  great  bodily  injury  filed  by 
inspectors  against  contractors"  foremen  and 
superintendents  or  even  the  contractors 
themselves. 

Here  is  an  example  of  an  engineer  who 
was  reasonable  and  fair,  and  used  judg- 
ment, when  he  could  have  caused  a  lot  of 
trouble  if  he  hadn't.  .-X  concrete  slab 
bridge  of  several  spans  was  built.  The 
plans  and  specifications  called  for  a  certain 
number  of  steel  rods  in  the  bottom  of  each 
slab.  One  rod  was  .iccidentally  omitted  in 
one  of  the  slabs  and  was  only  discovered 
when  an  extra  one  was  found  after  the 
bridge  was  done.  The  number  of  rods  had 
Ix-cn  checked  when  they  arrived  and  there 
were  no  extras,  so  one  must  have  been 
left  out.  N'ow  if  the  plans  and  specifica- 
tions had  been  insisted  upon  lo  the  letter 
when  this  rod  was  discovered  the  bridge 
could  have  been  ordered  torn  down  till 
the  slab  which  was  lacking  one  rod  wa< 
located  and  then  rebuilt  before  being  ac- 
cepted.    But  the  engineer  was  fair  enough 


to  know  that  it  was  not  omitted  maliciously 
and    well   enough   posted   and  '    to 

know  that   the  bridge   was   st;  ;y 

pled  it.     \".  11- 

n   in   n    f;:  nie 

lies  in  the  fact  that  too  many  - 
pare  plans  and  specifications.     1  i  1-  i.u.     • 
remedied  by  employing  only  competent  en- 
gineers cxpcriei; 
posed    work   an 

By  doing  this  a  much  lictlcr  structure  or 
work  in  every  particular  will  result  and 
the  specifications  will  be  more  easily  fol- 
lowed, relieving  the  inspector  of  nearly  all 
call  upon  his  judgment. 

.Another  of  the  causes  is  th  ,11 

salaries  are  paid  inspectors  to  ;  :i- 

petent  ones.  To  overcome  this  tlic  sal- 
aries should  be  increased  enough  to  attract 
the  attention  of  capable  and  experienced 
men  now  employed  by  leading  engineering 
and  contracting  firms.  The  importance  of 
the  position  of  the  engineer  in  charge  must 
be  appreciated  and  realized  and  salaries 
commensurate  therewith  paid. 

.•\s  long  as  the  present  salaries  are  paid 
a  few  suggestions  for  those  who  may  be 
attracted  by  them  might  help.  If  he  is  ex- 
perienced he  ought  to  learn  the  reputation 
of  the  contractor  as  to  honesty,  experience 
and  ability,  and  watch  him  or  his  repre- 
sentatives for  a  while  to  see  if  he  intends 
to  maintain  that  reputation  on  this  new 
work.  If  he  is  satisfied,  he  can  furnish  the 
engineering  data  and  pass  only  on  finished 
work.  Let  him  keep  his  mouth  shut  and 
eyes  open  and  trust  to  the  experience  of 
the  contractor  to  do  the  work  in  the  proper 
manner.  He  must  always  bear  in  mind 
that  specifications  were  not  intended  to  be 
and  cannot  be  followed  to  the  letter  and 
keep  his  eye  open  for  any  sign  of  dishon- 
esty or  slighting.  By  doing  this,  if  he  is 
properly  constructed,  he  will  become,  after 
being  on  two  or  three  pieces  of  work,  too 
valuable  to  act  longer  as  an  inspector  and 
will  be  gobbled  up  by  some  contractor. 

.■\n  inspector  does  not  need  to  be  in 
experienced  and  afraid  of  dishonesty  on  the 
part  of  the  contractor  to  work  many  hard- 
ships on  the  latter.  He  can  l>e  mean  and 
unfair  and  insist  upon  the  letter  of  the 
specifications.  That  will  do  it.  But  if  he 
tries  to  be  mean  and  overbearing  he  might 
discover  that  the  contractor  was  wiser  and 
sharper  than  he  was  and  could  and  would 
skin  the  job  right  under  his  nose  without 
him  being  able  to  detect  it.  The  inspector 
and  contractor  must  work  in  harmony  lo 
produce  a  first  class  piece  of  work  at  mini- 
mum cost  and  the  former  bear  in  mind  that 
he  is  more  interested  in  results  than  in  the 
methods  of  obtaining  them  anil  that  the 
contractor  can  usually  use  his  own  estab- 
lished methods  much  more  advantageously, 
economically  and  effectually  than  he  can 
another's. 

If  an  inexperienced   inspector    does    not 
conduct  himself  as  pointed  out  in  the  fore- 
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going,  when  the  job  is  completed  he  will 
be  much  better  educated  as  an  inspector, 
but  oh  my !  at  what  a  great  expense  to  the 
contractor. 


LETTERS  TO  THE  EDITORS. 


An  Adjustable  Steel   Drawing    Table. 

The  accompanying  cut  shows  a  steel 
drawing  table  that  has  been  placed  on  the 
market  by  The  Century  Manufacturing  Co., 
Columbus,  O.  The  construction  is  of  spe- 
cial high  carbon  steel  angles  with  the  Cen- 
tury system  of  bracing.  The  table  is  ab- 
solutely rigid,  stiff,  strong,  light  in  weight 
;ind  can  be  adjusted  to  any  height  for  sit- 


Century    Steel    Drawing   Table. 

ting  or  standing,  or  to  any  incline  of  top 
from  horizontal  to  vertical.  It  can  be 
folded  up  flat  for  transportation  or  storage. 
The  stand  or  sub-structure  alone  can  be 
furnished  for  one's  present  board,  and 
easily  attached  by  means  of  screws  through 
metal  cleats.  The  table  can  be  furnished 
cither  with  or  without  parallel  straight 
edge  equipment  and  adjustable  instrument 
trav  as  shown. 


It  is  proposed  by  forty  or  more  en- 
gineers of  the  state  of  Wisconsin  represent- 
ing cities,  public  utilities,  colleges  and  man- 
ufacturing plants,  to  organize  a  state  so- 
ciety along  the  same  lines  as  those  which 
are  now  in  existence  in  Illinois,  Indiana 
and  other  states.  The  purpose  of  this  so- 
ciety is  to  get  the  engineers  of  the  state 
better  acquainted  with  eacli  other  and  to 
get  a  better  understanding  of  problems 
that  are  of  mutual  interest  to  all  and  to 
discuss  some  of  the  leading  municipal  and 
other  problems  of  the  day.  It  is  proposed 
to  hold  the  first  meeting  in  Madison,  Wis., 
in  the  Engineering  Building  at  the  Univer- 
sity of  Wisconsin  on  Feb.  24,  25  and  26. 
Prof.  F.  E.  Turneaure,  Dean  of  the  College 
of  Engineering,  is  chairman  of  the  pro- 
pram  committee,  and  W.  G.  Kirchofifer,  31 
Vrooman  Building,  Madison,  Wis.,  is  sec- 
retary of  this  committee,  to  whom  all  corre- 
spondence should  be  addressed. 


The  value  of  building  permits  granted  by 
municipal  authorities  in  63  leading  cities, 
as  reported  to  the  Bureau  of  Statistics, 
Department  of  Labor  and  Commerce,  ag- 
gregated $585,913,633  for  the  past  year, 
compared  with  $656,067,969,  the  total  for 
the  calendar  year  1907. 


Wages  on  the  Panama  Canal. 

Sirs: — The  writer  has  been  following 
with  much  interest  your  articles  on  the 
excessive  cost  of  day  work  on  the  Panama 
Canal. 

I  have  never  seen  it  shown  up  in  your 
magazine,  or  in  fact  in  any  other,  that  this 
work  is  of  such  a  character  that  it  could 
be  cut  up  into  smaller  contracts,  and  by 
this  means  a  great  saving  could  be  ef- 
fected. Of  course,  W.  J.  Oliver  &  Co. 
would  have  used  this  method  if  they  had 
been  successful  in  getting  the  work,  and 
what  is  good  business  for  W.  J.  Oliver  & 
Co.,  should  be  good  business  for  the 
United   States  of  America. 

It  would  be  interesting  in  determining 
the  excess  cost  of  the  canal  work,  to  take 
the  men  on  the  canal  and  compare  their 
wages  with  what  they  formerly  received 
on  like  work  in  the  States.  I  know  of 
one  instance  where  a  bridge  carpenter,  or 
rather  bridge  foreman,  received  $75  on  a 
railroad  in  the  States,  is  now  receiving 
$200  per  month  on  the  canal  for  the  same 
class  of  work.  A  like  analysis  of  the  en- 
tire pay  roll  would  probably  show  the 
same   ratio  of  increase. 

Yours  very  truly, 

F.   J.    Manley, 
308   City   National   Bank   Bldg. 
Lexington,    Ky.,   Jan.   29,    1909. 

Reinforced    Concrete    Boats  in  Italy. 

Sirs :  I  note  in  the  issue  of  Jan.  13  of 
Engineering-Contr.\cting  a  statement  that 
the  concrete  boats  and  barges  now  being 
used  in  Italy  are  not  a  success  and  that 
they  have  been  discontinued.  It  is  further 
stated  that  your  authority  is  a  consular  re- 
port. 

Allow  me  to  state  that  I  was  in  Italy  for 
several  weeks  and  that  I  gave  a  great  deal 
of  my  time  to  the  investigation  of  this  sub- 
ject and  I  have  found  that  reinforced  con- 
crete boats  and  barges  are  widely  used  and 
that  they  are  giving  their  owners  excellent 
service.  The  Italian  Marine  is  using  them 
in  large  numbers  and  have  recently  ordered 
a  large  number  for  additional  service. 

Furthermore,  no  U.  S.  Consular  report, 
to  my  knowledge,  has  ever  given  an  ad- 
verse report  upon  these  constructions,  but 
if  you  will  take  the  trouble  to  go  into  the 
matter  carefully  you  will  find  that  our  con- 
sul at  Rome,  where  the  boats  are  made, 
has  written  a  very  good  report  on  them 
dated  Nov.  10  and  11.  I  have  personally 
talked  with  the  consul  there  and  I  know 
he  thinks  very  highly  of  the  construction. 

You  may  find  in  the  "Cement  Era"  of 
Chicago  for  November  a  descriptive  article 
giving  some  facts  about  the  matters  in 
question. 

You  are  doing  the  builders  of  these  boats, 
as  well  as  concrete  construction  in  general, 
an  injustice   in  printing  a  report  like  this. 
Very  truly  yours, 

H.  Prime  Kieffer. 


42    Broadway,    New    York    City,   Jan.    22, 

1909. 

(The  statement  to  which  our  correspond- 
ent takes  exception  was  made  by  Consul 
General  James  A.  Smith  and  the  wording 
of  the  "Consular  Report"  is  given  nearly 
verbatim  in  our  item  of  Jan.  13,  1908. — 
Editors.) 

The  Meaning  of  Cost  Per  Square  Foot 
of  Surface  Contact  for 
Concrete  Forms. 

Sirs  :  In  Engineering-Contracting  for 
Jan.  13,  1909,  in  the  tables  on  cost  of  rein- 
forced concrete  what  is  meant  by  surface 
contact  in  square  feet  on  the  carpenter 
labor?  Suppose  a  column  were  18x18  in. 
xl2  ft.,  which  would  be  72  ft.  inside  sur- 
face, do  you  take  that  as  the  amount  of 
square  feet  in  figuring  the  cost,  without 
regards  to  the  thickness  of  lumber  or 
clamps  used  on  same?  The  way  I  figure 
it  in  square  feet,  if  2-in.  plank  were  used 
without  any  clamps,  there  would  be  160  ft. 
of  lumber.  In  regards  to  floor  beams  or 
girders  is  the  cost  in  your  table  given  in 
surface  contact  without  regard  to  the  posts 
or  shores  used  to  support  same?  Any  in- 
formation you  can  give  me  in  regard  to 
this  would  be  very  much  appreciated. 
Yours   very  truly, 

M.  J.  Danielson. 
Portland,  Ore.,  Jan.  23,  1909. 
(The  form  costs  given  in  the  tables  re- 
ferred to  by  our  correspondent  are  costs 
per  square  foot  of  concrete  surface  cov- 
ered by  forms;  they  have  no  reference  to 
the  board  measure  of  the  form  lumber. 
For  floors  the  costs  do  not,  we  assume,  in- 
clude bracing  and  staging,  but  this  is  a 
matter  which  the  author  of  the  tables  does 
not  make  clear  in  his  paper.  We  have 
started  inquiries  regarding  some  of  the  un- 
certain points  and  trust  shortly  to  be  able 
to  give  full  data.— Editor.) 


A  Method  of  Keeping  Records. 

Sirs:— As  a  contribution  to  the  subject 
of  records,  I  will  say  that  a  method  I 
have  finally  adopted  after  trial  of  many, 
is  to  make  all  calculations  on  a  sheet,  or 
on  as  many  sheets  as  are  necessary,  and  to 
file  these  calculation  sheets,  with  the  let- 
ters, in  a  vertical  letter  file. 

As  engineer  for  a  reinforcing  company 
many  inquiries  come  to  me  wherein  some 
calculations  have  to  be  made.  A  rubber 
stamp  bearing  the  date  is  used  to  mark 
a  sheet  of  paper  of  letter  size  and  on  this 
stamp  is  provided  spaces  for  the  number 
of  the  job,  the  number  of  the  sheet  (if 
several),  the  name  of  the  man  figuring  the 
job,  name  and  address  of  the  inquirer. 
This  stamp  occupies  a  space  of  about  2 
ins.  square  in  the  upper  left  hand  corner. 
All  the  calculations  in  detail  are  made  on 
these  calculation  sheets,  and  if  any  dia- 
grams must  be  drawn  quadrille  ruled 
paper  is  used.  Generally,  however,  the 
paper  is  plain,    ("are  is  taken  to  have  every 
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stt'l>  plainly  indicaU'il  su  lliat  the  niatur 
will  In-  fully  iinilcr>tooJ  no  matter  al  what 
.late  it  has  to  be  referred  to.  The  calcii- 
lali<>ii>  end  with  a  full  bill  of  material 
and  the  prices.  Soinctimcs  the  order  may 
come  in  weeks  or  months  after  and  the 
material  can  be  quickly  ordered  when  tir- 
der  is  received. 

Repl\  to  the  letter  is  made  with  carbon 
copy  on  the  back  of  the  letter  of  in(|uiry 
instead  of  being  on  separate  llim>y  sheet, 
rhc  letter  then,  with  carbon  copy  of  re- 
ply on  the  back  is  tiled  in  the  letter  lile  to- 
(jether  with  all  the  correspondence  from 
that  party. 

If  the  inquiry  is  about  suiiu-  special 
structure  a  blank  sheet  is  prepared,  hav- 
ing at  the  top  the  name  of  the  structure. 
I'nder  that  is  given  the  name  of  the  party 
making  the   inquiry   and  the  date  and   the 

notation  "See  file   of  ."     Another 

sheet  is  prepared,  having  the  name  of  the 
town  or  city  as  a  heading  and  underneath 
is  the  same  information,  so  that  we  then 
have  the  matter  indexed  under  three 
licadings  all  referring  to  the  same  file;  to 
wit,  to  the  name  of  the  inquirer;  to  the 
name  of  the  town  or  city;  to  the  kind  of 
structure. 

The  office  boy  has  a  folder  for  each  and 
It  is  impossible  to  lose  any  of  the  work 
•lone.  This  system  has  the  advantage 
that  no  separate  card  index  is  required, 
but  the  man  making  all  the  calculations 
can  prepare  his  reference  sheets  at  the 
time  he  starts  his  calculations.  Some- 
times we  have  the  matter  indexed  under 
locality  and  class  of  work  several  days  be- 
ii>rc  the  calculations  are  completed  and 
tiled  in  the  folder  of  the  inquirer. 

Kor  a  great  many  small  jobs  the  calcu- 
lations are  made  on  the  back  of  the  letter 
of  inquiry,  in  which  case,  of  course,  the 
larlion  copy  of  reply  is  made  and  filed  in 
I  lie  ordinary  manner. 

If  a  traveling  man  goes  into  a  certain 
territory  the  letter  files  can  be  looked  over 
for  all  the  places  he  will  strike.  If  any 
■  It  these  places  have  had  folders  prepared 
iiir  them  we  can  give  him  a  list  of  all  the 
work  we  have  done  or  contemplated  doing 
there,  and  he  knows  on  whom  to  call  and 
how  to  talk  to  the  parties.  We  find  the 
plan    very    convenient. 

Yours  truly, 
Ernest    McCullough, 
Chief    Kngineer,    Northwestern    Expanded 

Metal   Co., 

Chicago.   111.,  Jan.  30,   1909. 


Publishing     Engineering     Estimates. 

.Sir>.  Ilic  eililurial  in  r.M.i.su-Ui.M;- 
("ciNTR.\cTiNO.  of  Fcb.  ^  emphasizes  a 
thnughl  the  writer  has  had  in  mind  for 
some  time,  viz..  a  change  in  attitude  of 
the  engineering  profession  on  the  question 
of  publishing  cost  estimates. 

.\s  a  body  of  professional  men.  we  arc 
slow  to  admit  that  an  engineer's  capital 
consists  not  in  a  mere  aggregation  of  facts 
and  figures,  but  in  his  experience  and  pcr- 


-iiiial  dc\eKi|iiiieiil.  Wc  liaie  the  erro- 
iieijus  idea  that  when  we  publish  cost  data, 
we  give  away  our  experience ;  the  fact 
lieing  that  experience,  like  education,  is  a 
part  of  the  man  and  cannot  be  imparted. 
The  most  that  wc  do  is  to  furnish  the  other 
man  a  standard  by  which  he  may  calibrate 
his  own  experience. 

To  my  mind,  cost  estimates  should  re- 
ceive as  wide  publicity  as  specifications ;  in 
fact,  be  a  part  of  them.  The  course  of 
reasoning,  resulting  from  many  years  of 
experience  in  the  engineering  and  con- 
tracting field,  can  best  be  presented  by  a 
few  thoughts  on  the  various  methods  of 
rontracting. 

From  earliest  times,  the  lumi>  sum  con- 
tract has  been  practically  universal ;  with 
the  result  that  large  losses  have  alternated 
with  phenomenal  profits.  This  has  brought 
contractors  into  ill  repute,  honest  ones  go- 
ing into  other  lines  of  work  and  the  busi- 
ness being  conducted  as  a  gambling  ven- 
ture with  politics  on  the  side. 

Then  came  an  improvement — the  unit 
cost  contract ;  in  cfltect,  dividing  large  work 
into  a  number  of  lesser  contracts.  This  led 
to  unbalanced  bidding  with  its  train  of  al- 
lied abuses :  still,  the  method  was  a  dis- 
tinct advance,  raising  the  standard  of  hon- 
esty, and  inducing  a  few  engineers  to  enter 
the  field. 

Within  the  past  few  years,  the  cost  plus 
a  ficrccntagc,  quickly  followed  by  cost  plus 
(1  Axed  sum.  form  of  contract  was  advo- 
cated and  tried.  It  is  not  too  much  to  say 
that  with  the  advent  of  these  two  methods, 
the  old  form  of  contract  lost  is  prestige, 
the  ignorant  and  too  frequently  dishonest 
contractor  ceased  to  be  representative  of 
the  class,  the  business  assumed  the  ethics 
of  a  profession  and  engineers  quite  gener- 
ally engaged  in  the  work.  It  was  but  nat- 
ural that  fixed  profits  and  percentages 
should  prove  too  tempting  where  the 
morale  of  the  business  was  low,  and  where 
the  method  inherently  failed  to  make  iden- 
tical the  interests  of  both  parties  to  the 
contract. 

Having  tried  these  various  methods, 
with  all  sorts  of  modifications,  the  writer 
has  advanced  a  new  method,  and  would  like 
the  views  of  other  engineers  and  architects 
as  to  its  adcquatencss  and  adaptability  to 
existing  needs.  It  can  best  be  described  as 
Cost  plus  a  fixed  sum,  tcith  bonus  and 
forfeit  clause  regarding  both  the  time  limit 
and  the  total  expenditures;  all  extras  to 
he  paid  for  by  cost  plus  a  percentage. 

This  presupposes  that  the  builder  will 
have  his  architect  or  engineer  make  com- 
plete plans  and  specifications,  together  with 
an  itemized  and  detailed  estimate  of  cost, 
giving  time  limit.  This  would  include  the 
proposed  plan  of  operations  upon  which  the 
estimate  was  found.  While  ^'  '  '  ^uld 
never  be  carried  out  in  il«  •  the 

contractor,  yet  it  v.  pur- 

pose, not  only  al   t  -   '"'t 

during  the  progress  of  the  work. 

It     would     definitely     fnnnul.ilr     ilu-     rc- 


qiiireiiieiits   as  tu  equipment  v 

much   and   what  kinds   of   1.  .^ 

many  superintendents,  engineers,  foremen, 
timekeepers,  clerks,  mechanics  and  laUjr- 
crs.  It  would  give  the  size  and  makeup  of 
each  gang,  and  time  required  for  different 
l>ortions  of  the  work ;  correlating  them  as 
to  their  necessary  sequence,  both  as  re- 
garils  the  disposition  of  the  working  force 
and  the  plant  employed  on  each.  The 
local  conditions  would  be  given  fully,  for 
on  them  depends  the  best  method  of  han- 
dling the  work. 

Each  bidder  would  then  go  over  these, 
using  his  own  judgment  as  to  local  condi- 
tions and  the  correctness  of  the  estimate, 
and  submit  his  bid  as  usual.  The  bid 
would  include  a  percentage  for  doing  the 
work,  and  a  bonus  and  forfeit  clause,  de- 
pendent on  the  actual  cost  of  the  work  and 
its  time  of  completion. 

If  bidders  considered  an  estimate  low 
and  the  time  of  completion  short,  they 
would  ask  a  high  percentage  with  a  low 
bonus  and  forfeit  clause,  expecting  to  pay 
a  forfeit  out  of  their  percentage,  leaving 
reasonable  profits  after  this  is  deducted. 
On  the  other  hand,  if  the  estimate  were 
high  and  the  time  long,  they  would  un- 
dertake the  work  for  a  low  percentage  but 
put  in  a  high  bonus  and  forfeit  clause,  ex- 
pecting to  receive  bonus  money  with  which 
to  augment  the  percentage.  In  the  case  of 
federal,  state  and  municipal  work,  the 
lion  us  and  forfeit  would  be  a  matter  of 
law,  the  bidding  being  simply  on  the  per- 
centage 

.•\  correct  vic*v  of  what  is  needed  in  the 
construction  field  is  more  readily  obtained 
if  one  gets  first  a  clear  conception  of  the 
true  function  of  the  contractor— the  eco 
nomic  need  for  his  existence.  This  is  two- 
fold: 

KnotL-ing  where  and  how  to  best  buy 
machinery,  materials  and  supplies; 

Ability  to  organise  and  operate  a  teork- 
ing  force,  both  men  and  plant  eijuipmenl. 
so  as  to  obtain  the  maximum  efficiency. 

Considering  the  contractor  a  necessary 
evil  has  been  very  expensive  both  to  the 
building  public  and  the  general  taxpayer 
With  a  realiFation  of  his  field  of  useful- 
ness conies  the  certainty  that  the  contract 
i«f  the  future  will  harmonize  the  interests 
i>f  the  builder  and  contr.ictor,  instead  of 
ant.-igonizing  them  as  in  the  past. 

In  order  to  draw  up  an  equitable  con- 
tract, or  judge  of  one  that  is  drawn,  the 
fir-'  'i-  is  that  it  shall  be  fair  to  both 

p.r  Miine  them   both   to  t>e   honest 

ai.  '•».    The  second 

is  ■  there  is  no  mo- 

tive lor  dishonesty  by  cither  party— so  that 
whether  an  honest  or  dishonest  course  is 
followed  it  will  result  in  a  gain  or  a  loss 
to  both  parties,  never  a  gain  to  one  and  a 
loss  to  the  other. 

The   form   of  contract   advocated    would 
accomplish  tbi<  p-irpote      In  order  t"  carry 
it  out  fully 
iiiluilr  the  el  .  .  ■  y 
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plans,  specifications  and  estimates ;  thus 
allowing  for  conferences  with  such  con- 
tractors as  cared  lo  embrace  the  opportu- 
nity. This  would  give  the  fullest  publicity, 
and  with  the  form  of  contract  outlined, 
could  not  fail  to  improve  the  status  of  legit- 
imate contracting. 

The  foregoing  conclusions  have  been 
reached  by  experience  as  an  owner,  as  an 
engineer  for  contractors  and  municipalities, 
as  a  contractor  on  both  public  and  private 
works,  and  as  a  consulting  engineer. 
Very  truly, 

Jean  Bart  Balcomb, 
Assoc.  M.  Am.  Inst.  E.  E. 

1104  The  Temple, 

Chicago,  111.,  Feb.  6,  1909. 


In  a  report  on  the  first  International  Road 
Congress  Mr.  Nelson  P.  Lewis,  chief  en- 
gineer of  the  Board  of  Estimate  and  Ap- 
portionment of  New  York  city,  states  that 
Paris,  France,  on  Jan.  1,  1908,  had  2,464,900 
sq.  yds.  of  wood  pavement.  The  wood 
pavements,  the  report  states,  are  made  for 
the  most  part  of  native  pine  from  the 
Landes,  though  some  Baltic  or  other  north- 
ern fir  is  used.  The  paving  blocks  are 
made  and  creosoted  at  a  plant  owned  by 
the  city  of  Paris.  The  joints  between  the 
blocks  are  usually  filled  with  cement  grout. 
The  cost  of  wood  pavements  is  slightly  less 
than  those  of  asphah,  being  from  $2.70  to 
$3  per  sq.  yd.,  with  a  6-in.  concrete  foun- 
dation. The  cost  of  current  maintenance  is 
about  5  cts.  per  sq.  yd.  annually,  while  the 
total  estimated  cost  of  wood  pavements,  in- 
cluding cleaning  at  12y2  cts.  and  a  renewal 
of  the  surface  at  the  expiration  of  nine 
years,  is  given  as  39  cts.  per  sq.  yd.  Con- 
tracts call  for  no  guarantee  except  to  make 
good  any  defective  workmanship  during 
the  first  year,  but  this  does  not  apply  to 
defects  in  the  blocks  themselves.  The  life 
of  a  wood  pavement  in  Paris  varies  from 
six  to  ten  years,  with  an  average  of  nine 
years.  Where  there  is  practically  no  traf- 
fic it  will  last  for  15  years,  when  it  will  rot 
and  renewal  becomes  necessary.  When  the 
upper  surface  of  the  blocks  becomes  worn 
and  uneven,  they  are  taken  up,  the  worn 
surface  is  trimmed  off  on  the  street  by 
special  gasoline  or  electrically  driven  ma- 
chines, and  the  blocks  are  relaid  with  the 
trimmed  surface  down. 

Catalogs  Worth  Having. 

Engineers  and  contractors  should  have 
on  file  the  latest  catalogs  of  machines, 
tools  and  supplies  that  they  use.  In  sending 
ior  catalogs  reviewed  or  advertised  in 
this  paper,  you  will  confer  a  favor  on  us 
if  you  will  write  direct  to  the  advertisers 
and  state  that  you  saw  the  catalog  men- 
tioned in  Engineering-Contracting.  If 
you  are  in  the  market  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  notify 
promptly  the  leading  manufacturers. 

No.  lOSO.  "Willey"  Electrically  Driven 
Tools. — Jas.  Clark,  .Jr..  Electric  Co.,  Inc.. 
1340  Old  Colony  Bldg.,  Chicago,  III. 

This  catalog  describes  a  number  of  elec- 
trically driven  machine  tools,  the  motor  and 


tool  being  combined  into  one  machine. 
Among  the  tools  illustrated  and  described 
are  screw  feed  portable  drills,  electric  hand 
drills,  and  electrically  driven  breagt  drills. 
A  compact  electrically  driven  haclv  saw- 
weighing  310  pounds  is  also  described. 

No.  lOSl.  Hoisting  Engines  and  Derriclts. 
—American  Hoist  &  Derrick  Co.,  St.  Paul, 
Minn. 

This  lf:.-page  catalog  is  a  very  handsome 
book,  well  bound  and  profusely  illustrated. 
It  illustrates  and  describes  the  various 
products  of  this  company,  namely,  hoisting 
engines  of  all  kinds,  derricks  and  their  fit- 
tings, locomotive  cranes,  derrick  cars,  jet 
cranes,  pile  drivers,  bridge  builders,  derrick 
cars,  tower  derricks,  barge  derricks,  skips, 
budgets  and  tubs,  and  wire  ropes. 

No.  10S2.  Condensers. — Dean  Bros.  Steam 
Pump  Works,  Indianapolis,  Ind. 

A  56-page  catalog  devoted  to  condensing 
macliinery.  Numerous  air  pumps  and  jet 
condensers  are  illustrated  and  described  and 
much  valuable  information  is  given  regard- 
ing  condensers. 

No.  10S3.  Road  Building. — The  A.  L.  Bar- 
ber Asphalt  Co..  90  West  St.,  New  York. 

A  2S-page  essay  on  road  construction  writ- 
ten in  an  attractive  style.  It  will  no  doubt 
be  of  interest  to  many  engineers  and  con- 
tractors engaged  in  road  construction. 

No.  10S4.  Derrick  Swinging  IVIachines — 
Mead-Morrison  Mfg.  Co.,  Cambridge,  Mass. 

A  very  nicely  gotten  up  catalog  of  20  pages 
showing  tlie  style  of  hoisting  engines  manu- 
factured by  this  company  for  operating  der- 
ricks on  construction  work,  especially  in  ref- 
erence   to   swinging   derricks. 

No.  10S5.  Road  Rollers. — J.  I.  Case  Tresh- 
ing  Machine  Co..   Racine,  Wis. 

A  well  gotten  up  20-page  catalog  showing 
all  the  features  that  go  to  make  good  the 
claim  that  this  company's  roller  is  an  eco- 
nomical one  to  use.  The  catalog  is  well  il- 
lustrated with  l^andsome  half-tone  cuts.  This 
company  also  manufactures  traction  engines 
and  sprinkling  wagons. 

No.  10S6.  Steam  and  Air  Hose.— The  Mul- 
conroy  Co.,   722  Arch   St..   Philadelphia,   Pa. 

A  10-page  catalog  and  price  list  of  this 
company,  giving  prices  on  air  brake  liose  and 
couplings,  boiler  wasliout  hose,  pneumatic 
hose,  water  hose,  ring  and  sheet  packing  and 
hose  couplings. 

No.  10S7.  Electric  Hoists. — Mead-Morrison 
Mfg.  Co.,  Cambridge,  Mass. 

A  44-page  catalog,  well  printed,  describing 
and  illustrating  electric  hoists  for  many  dif- 
ferent purposes.  Various  parts  are  also  de- 
scribed and  tables  showing  size  and  hoisting 
capacity  are  given.  Electric  transporters  and 
cranes  are  also  listed. 

No.  loss.  Air  Compressors. — Thos.  H.  Dal- 
lett    Co..    Philadelphia,    Pa. 

A  24-page  catalog  telling  of  the  air  com- 
pressors manufactured  by  this  company.  The 
various  parts  of  a  compressor  are  illustrated 
and  described,  and  tables  showing  sizes  and 
capacity  of  various  types  of  machines  are 
given. 

No.  1089.  Friction  Clutches. — The  Carlyle 
Johnson  Machine  Co.,  Hartford,  Conn. 

A  very  attractive  little  36-page  catalog  il- 
lustrating and  describing  friction  clutches  for 
various  kinds  of  machinery.  The  Johnson 
clutch  is  well  known  and  hardly  needs  de- 
scribing. 

No.  1090.  Wheelbarrows. — Sterling  Wheel- 
barrow Co.,   Milwaukee,   Wis. 

A  folder  showing  the  various  styles  of 
wheelbarrows  and  buggies  manufactured  by 
this  company.  Any  one  interested  in  con- 
crete work  or  earth  and  rock  excavation 
should  have  this  folder.  Several  of  these 
barrovi's  show  a  radical  departure  from  the 
ordinary  barrow,  and  allow  a  larger  load  to 
be  carried  with  less  labor  by   the  workman. 

No.  1091.  Contractors'  Supplies.  —  The 
Cockburn  Barrow  &  Machine  Co..  Jersey 
City,  N.  J. 

A  24-page  catalog  illustrating  and  describ- 
ing the  Cockburn  wheelbarrows,  buggies, 
dump  buckets  and  tubs,  side,  end  and  bottom 
dump  cars,  punching  machines,  concrete 
mixers,  grout  mixer  and  ejector,  steam  ham- 
mer, air  lock,  tunnel  shields,  concrete  dump 
buckets,  cable  grips,  sand  pumps,  air  lock 
governor  and  other  articles. 

No.  1092.  Concrete  Houses.  —  Concresco 
Construction    Co..    225    5th    Ave..    New    York. 

An  S-pagc  catalog  telling  of  the  patents 
owned  by  this  company  to  make  a  block 
and  a  concrete  wall  for  concrete  houses. 


Personals. 

Mr.  E.  Ben  Carter  has  been  appointed 
Superintendent  of  Maintenance  of  Way  of 
the  Florida  East  Coast  Ry. 

Mr.  Orson  A.  Miller  has  been  reappointed 
City  Engineer  of  Oneonta,  N.  Y.,  this  mak- 
ing ten  consecutive  years  that  he  has  held 
that  position. 

Mr.  Max  Burgdorf  has  been  appointed 
Chief  Engineer  for  the  proposed  standard 
gage  railroad  to  be  constructed  from  Beaver 
to  Penrose,  Colo. 

Joseph  Caccavajo,  Consulting  Engineer,  2 
Rector  street.  New  York,  1ms  been  retained 
as  Consulting  Engineer  in  connection  with 
some   proposed    railways    in   Japan. 

Messrs.  W.  L.  Allen,  B.  W.  Ely  and  Geo. 
B.  Pugh  have  organized  the  Port  O'Connor 
Construction  Co.,  of  Victoria,  Tex.,  and  will 
engage  in  a  general  construction  business. 

Mr.  R.  B.  Comfort,  heretofore  Superin- 
tendent of  the  Interoceanic  Railway  of  Mex- 
ico, at  Pueblo.  Mexico,  has  been  appointed 
General  Superintendent,  succeeding  F.  W. 
Baldwin,  deceased. 

Mr.  J.  M.  Stark  has  been  appointed  En- 
gineer nf  Construction  on  the  extension  of 
the  Chicago,  Rock  Island  &  Gulf  Ry.  in 
western  Texas  and  of  the  allied  company 
building  the   extension   in  New  Mexico. 

Mr.  H.  F.  Cameron  has  resigned  his  posi- 
tion as  Chief  Engineer  of  the  Board  of  Pub- 
lic Works  of  Santiago  de  Cuba  to  accept  the 
position  of  Railroad  and  Highway  Engineer 
to  the  Bureau  of  Public  Works,  Manila,  P.  I. 

ilr.  Warren  Wood,  of  the  Wood  Drill 
Works,  Paterson,  N.  J.,  and  Mr.  Robert 
J.  Wood,  manager  of  the  Chicago  branch, 
will  leave  the  United  States  on  Feb.  21st 
for  a  three  weeks'  visit  to  the  Panama  Ca- 
nal Zone. 

Mr.  M.  C.  Byers,  heretofore  Engineer  of 
Maintenance  of  Way  of  the  St.  Louis  &  San 
Francisco  R.  R.,  has  been  appointed  Chief 
Engineer  to  succeeded  Mr.  J.  F.  Hinckley, 
who  has  resigned  to  engage  in  private  prac- 
tice as  consulting  engineer. 

Mr.  George  E.  Ferris,  of  Pittsburg.  Pa., 
has  gone  to  Solomon  City,  Idaho,  to  take 
the  position  of  Division  Engineer  on  the 
construction  of  the  new  Harriman  line  being 
built  from  Armstead,  Mont.,  through  Solo- 
mon City  to  a  point  120  miles,  west  of  Arm- 
stead. 

Mr.  W.  C.  Nones  has  been  elected  Chair- 
man of  the  Sewerage  Commission  of  Louis- 
ville, Ky.,  in  succession  of  Mr.  Peter  Lee 
Atherton.  Mr.  Nones  lias  been  vice-chair- 
man for  some  time.  Mr.  Atherton  retired 
from  the  chairmanship  on  account  of  ill 
health,  but  he  will  continue  as  a  member 
of  the  commission. 

Charles  MacRitchie.  a  civil  engineer  and 
water-works  and  tunnel  contractor,  died  Jan. 
27,  at  his  home  in  Chicago,  aged  66  years. 
Mr.  MacRitchie  came  to  Chicago  from  In- 
verness, Scotland,  in  1869.  He  directed  the 
building  of  several  sewers  and  water  tun- 
nels, not  only  in  Chicago,  but  in  other. large 
cities  of  the  United  States  and  Canada. 

Mr.  C.  G.  Y'oung,  with  Mr.  J.  N.  H.  Cornell 
as  an  associate,  has  opened  an  office  at  60 
Wall  street.  New  Y'ork,  to  engage  in  engi- 
neering construction  work.  Mr.  Young  will 
make  a  specialty  of  examinations  and  re- 
ports on  projects  for  financing.  He  will  be 
absent  in  the  Orient  from  March  to  August, 
making  examinations  and  reports  on  a  num- 
ber of  projects  in  the  Philippine  Islands, 
China,  Japan  and  Siberia.  For  seventeen 
years  Mr.  Young  has  been  associated  with 
the  J.  G.  White  &  Co.  in  handling  construc- 
tion and  making  reports  on  work  in  nearly 
everv  part  of  the  world.  During  his  absence 
his  office  will  be  under  the  direction  of  Mr. 
Cornell. 

Jose  Francisco  de  Navarro,  promoter  of 
many  important  industrial  enterprises,  died 
Feb  3  at  his  home  in  New  York  City,  aged 
85  years.  He  was  born  in  Spain,  and  was 
graduated  as  a  midshipman  from  the  Span- 
ish Roval  Naval  Academy.  He  was  a  num- 
ber of  years  in  Cuba  previous  to  coming  to 
this  country.  In  1855  he  organized  the  firm 
of  Mora  &  De  Navarro,  which  operated  the 
first  steamship  line  between  this  country  and 
Brazil  Later  he  took  a  leading  part  in  or- 
ganizing the  Ingersoll  Rock  Drill  Co.  and  the 
Atlas  Portland  Cement  Co.  He  remamed 
active  in  the  affairs  of  the  latter  company 
until  about  a  month  before  his  death.  He 
had  an  active  part  in  the  construction  of 
some  of  the  earlv  elevated  railways  in  New 
York  City.  He  also  built  the  Navarro  apart- 
ment house  in  Central  Park  South,  New 
York  the  pioneer  structure  in  this  country 
to  furnish  everv  luxury  and  convenience  of 
the  best  hotels  with  the  seclusion  of  private 
houses. 
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We  shall  welcome  any  news  notes  that 
our  readers  may  send  in.  Notes  of  con- 
tracts awarded,  bidding  prices,  etc.,  will  be 
especially  acceptable. 


BIDS  ASKED 
Bridges. 

Bids  Open.                                                See   Issue. 

Feb.    10.  Fort    Des    Moines,    la Jan.  27 

Feb.    12.  Grand    Forks.    N.    Dak Jan.  27 

Feb.    12.  Dungannon.     Va Feb.  10 

Feb.    15.  Norwalk,    O Jan.  27 

Feb.    15.  LJsbon,    O Jan.  27 

Feb.    15.  Lynchburg,     Va Feb.  3 

Feb.     10.   Bowling     Green,     O Feb.  lU 

Feb.    16.  Waseca,     Minn Jan.  27 

Feb.    IS.  Cliiiago.     Ill Feb.  10 

Feb.    20.  Cleveland,    O Jan.  27 

Feb.    25.  Westmoreland,     Kan Feb.  10 

Mar.      2.  Faulkton,     S.     Dak Feb.  3 

Mar.      2.  Grafton,     N.     Dak Feb.  10 

Mar.      S.Cleveland,    O Feb.  10 

Mar.     4.  Paris.    Ark Jan.  13 

Mar.      6.  Cleveland,    O Feb.   10 

April     5.  Harrisburg,    La Feb. 


Buildings. 

National  Soldiers'  Home,  Va.Jan.  20 

Stanford,  Kv Jan.  20 

Brooklvn,     N.     Y Feb.". 

Dulce,    N.    .Vle.x Jan.  13 

Clarlnda,  la Jan.  13 

Madlsonvllle,    Tenn Jan.  20 

Fort    Slocum,    N.    Y Feb.  3 

Washington.    D.    C Feb.  3 

Pittsburg.     Pa Feb.  10 

Cleveland,     O Feb.  3 

Fort    Oclethorpe.   Ga Feb.  3 

Watklns,    N.     Y Jan.  27 

Fort    Niagara.    N.    Y Feb.  3 

Fort   Monroe,   Va Jan.  27 

Grand    Rapids.   .Mich Jan.  13 

Shenandoah,   la Jan.  13 

Fort  Dupont.  Del Jan.  20 

Grand   Rapids,  .Mich Jan.  20 

Patton,     Cal Feb.  3 

Brawley.    Cal Feb.  3 

Chrlstiansburg,    Va Feb.  10 

.Athens,    Tenn Feb.  10 

Plymouth.     .Mass Feb.  10 

Youngstown,     O Jan.  27 

Washington,   D.   C Jan.  20 

Wheeling,     W.    Va Feb.  3 

San    Bernardino,    Cal Feb.  3 

Redfleld,    S.    D Jan.  20 

Sallsburv.  N.  C Jan.  20 

Anadarkn.    Okla Feb.  3 

Great     Falls,     .Mont Feb.  J 

Richmond.     Kv Feb.  3 

Rpdfltid,    S.    Dak Feb.  10 

Greenville.  Miss Jan.  20 

Newton,     la Jan.  27 

Baltlnior.',     Md Feb.   10 

Pittsburg.     Pa Fob.   10 

Fort    r>.    .\.    Russell.    Wyo Feb.  3 

Bar  Harbor,   .Me Jan.  20 

Amerlous,     Kan Feb.  3 

Fort    Rllev,    Kan Jan.  27 

Abilene.    Te.\ Feb.  3 

Dodge    City,    Kan Feb.  :i 

IjOS     Angeles,     Cal Ft»h.  :i 

SiKourney,    la Jan.  27 

Washington,     D.    C Feb.  3 

Gowandn,     N.     T Feb.  10 

Ogdensl.urg,    N.    Y Feb.   10 

lliit    Springs.    S.    Dak Feb.  10 

Fltzg.-rald.    Gn Feb.   10 

Fort    Sn.lllnK.    Minn Feb.   10 

\Ai    .Salle.    Ill Jan.   13 

Omaha.   Neb Jan.     « 

Gadsden.    Ala Feb.  3 

F<irt    H.    G     Wright.    N.    Y..Feb.   10 

Fort    Snilllng.    .Minn Feb.   )0 

.MInnta.     Gn Feb.  3 

Augusta.     Me Feb.  3 

.Ml.ldl.-lown.    N.    Y Feb.   10 


Feb. 

10. 

Feb. 

10. 

Feb. 

111. 

Feb. 

11. 

Feb. 

11. 

Feb. 

I) 

Feb. 

11 

Feb. 

11 

Feb. 

11. 

Feb. 

12. 

Feb. 

12. 

Feb. 

13. 

Feb. 

13 

Feb. 

15. 

Feb. 

15. 

Feb. 

15. 

Feb. 

15 

Feb. 

15. 

Feb. 

15. 

Feb. 

15. 

Feb. 

15. 

Feb. 

15. 

Feb. 

15. 

Feb. 

16 

Feb. 

16. 

Feb. 

16. 

Feb. 

16. 

Feb. 

17 

Feb. 

17. 

Feb. 

17. 

Feb. 

17 

Feb. 

17 

Feb. 

17. 

Feb. 

IS. 

Feb. 

IS. 

Feb. 

IS. 

Feb. 

IS. 

Feb. 

V.I. 

Feb. 

2n 

Feb. 

20. 

Feb. 

23. 

Feb. 

23. 

Feb. 

23. 

Feb. 

23. 

Feb. 

24. 

Feb. 

24. 

Feb. 

24. 

Feb. 

24 

Feb. 

25. 

Feb. 

25. 

Feb. 

26. 

Feb. 

27. 

Mar. 

1. 

Mar. 

1. 

Mar. 

1. 

Mar. 

1. 

Mar. 

o 

Mar 

3. 

Mat 

3 

M.il 

.Mar 
.Mar 
.Mar. 
.Mar 


Feb. 
Feb. 
Fob. 
t\-h. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Fob. 
Fell. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
.Mar. 
.Mar. 
.Mar. 
Mar. 
Mar. 
Mar. 
-Mar. 


Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Mar. 
Feb. 


Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
.Mar. 
.Mar. 
.Mar. 
Mar. 


1.     .Sall..liul      .Si.ldi- 

■I'eiin .K„b.  10 

8.   Atliiitfii      Gh  Feb    S 

K.  I  ■•     ■    ■■      -.  r  1.    10 

10.     \'  ..      Id 

I".    M  .       I.      lu 

Roads   and    Streets. 

10.  Baltimore,     .MU  ..Feb    3 

11.  Apph'ton.    Wis  ..Dec.  10 

12-   I  Feb.  3 

'-'•   I  1 Feb.   10 

'^-    ^'-  ks.    Arl« Jan.  27 

15.   .-^i       IMui.     .Miiin Feb.  3 

15.   Parl.s,    III feb.  3 

15.    L'pland.    Cal Feb.  3 

15.  Chliago.     Ill Feli    lu 

15.    Phlludelplila.     l-a Feb.    10 

15.  St.     I-aul,    .Minn Feb.   lu 

16.  .Mllford,    O Feb    3 

16.  Toledo,    u Feb.   lu 

16.  Boonvllle.    Ind Feb.   10 

17.  Chicago,    III Feb.  10 

17.  CleveUmd,    O Feb.  10 

17.  Brooklyn,    N.    Y Feb.   10 

18.  Spencer,     Ind Jan.  27 

18.  Spencer,   Ind Jan.  20 

18.  Greenwood.     S.     C Feb.  3 

18.  Oakwood.    O Feb    3 

18.  Greentleld,    .Md Feb.  3 

19.  College    Hill.    Pa Feb.  10 

25.  Fort    Williams.    .Me Feb.  3 

26.  Waukesha.    Wis Feb.   10 

1.   Vi-vay,     Ind Feb.   10 

1.  Llb<-rty,    Ind Feb.  10 

1.  liaiivllle.     Ind Feb.  10 

2.  Wal«ish,    Ind Feb.   10 

2.  Bloomlngton,    Ind Jan.  27 

4.  Corning,    N.    Y Feb.  10 

4.  Wabash,    Ind Feb.  10 

Sewers. 

10.  Detroit.    Minn Jan.  27 

10.  Brooklvn,    N.    Y Feb.  3 

11.  Brantford,    Ont Jan.  27 

12.  Indianapolis,    Ind Feb.  10 

15.  Santa    Cruz,    Cal Feb.  3 

15.  Atlanta.    Ga Feb.  3 

16.  Ashtabula.    O Jan.  27 

17.  Elast  St.  Louis,  III Jan.  20 

17.  Baltimore,    Md Feb.  3 

20.  Denton.    Tex Feb.  3 

32.  Natchitoches.     La Feb.  10 

24.   Rochester,    N.    Y Feb.  10 

24.  Kings    Park,    N.    Y Feb.  10 

26.  Louisville,    Ky Feb.  10 

1.  New    London,    Conn Feb.  10 

19.  College    Hill      (P.    O.     Beaver 

Falls),    Pa Feb.  10 

Water  Supply. 

12.  Cincinnati,    O Feb.  10 

15.  New  Ulm.   Minn Jan.  20 

15.  Sebree,  Ky Jan.  20 

15.  Itta     Bona.     .Miss Feb.  S 

15.  Milwaukee,    Wis Feb.  10 

17.  International    Falls,    Minn Feb.  2 

17.  Elkhart,    Ind Feb.  10 

19.  Decatur,    III Feb.  10 

20.  Webster,    N.    Y Feb.  3 

20.  Colfax,    III Feb.  10 

23.  .Ma  bton.    Wash Feb.  3 

24.  Owosso.    Mich Feb.  3 

I.  Milwaukee,    Wis Feb.  10 

1.  Rock   Island,   III Feb.  10 

4.  Fort    Asslnnlbolne,    Mont Feb.  10 

15.  Wichita,    Kan Jan.  20 

Miscellaneous. 


Excavation,  Earth  and  Rock. 


Feb.    11.  Mobile,   Ala.. 

Pontoons,  Jan.  20 
Feb.     11.   .Mont    Alto,    Pa., 

Gas     Generators.  Feb.  3 
Feb.    II.  Indianapolis,    Ind., 

Wire  F.'nce.  Feb.  10 
Feb.    12.  Milwaukee.  Wis., 

Concrete  Caissons,  Jan.  10 
Feb.     12.  Ottawa.    <>nl  , 

Gnmd   Stand,   Feb.    I" 
Feb.    13.  Hawaii, 

Dry  Dock,  Dec     9 
Feb.    15.  Rock    Island.    111., 

Street  Lighting,  Feb.  3 
Feb.    15.  Milwaukee.    Wis., 

HaullnR.  Feb.  10 
Feb.     15.  Allinny.    N.    Y., 

Rebuilding    Fire   Engine,   Feb.   10 
Feb.     16.  Frankfort.   Mich.. 

Pier    Work.  Jan.  37 
Feb.    18.  Fort    Barmnciui.    Fla.. 

Fence.  Feb.  3 
Feb.    25.  San  Francisco.  Cal.. 

Pier.  Feb.  3 
.Mar.      1.  Des  Moines.  la.. 

Kleetric   Plant,  Feb.  10 
.Mar.       I.  Tlburon,    Cal., 

Coal  Sheds.  Feb.  10 
.Mar.      3.  Milwaukee,    Wis., 

Incineration   Plonl.  Feb.  3 
Miir.      5.  Savannah,    Ga.. 

Dike    Work,  Feb.   10 


Feb.    10.  Losan,   U., 

„  Ditch   Work.  Jan      ( 

Feb.    11.  Red  Lake  Fall-    ^  ■  • 


Feb.  II.  Redwood    Fall 

Feb.  12.  Dakouh.  la., 

Feb.  13.  Lrtiunon,    Ind  , 

Feb.  13.  Paw    Paw.    III. 


rk.  Feb.  3 
.....    .'.  urk.  Feb.  3 

Ditch  Work,  Feb.  3 
Dllch,  Feb.  10 


B-.K     .e    ,r  .  .  .    '^"<^*'  '^otU.   Feb.  18 

Feb.    15.  Valparaiso,    Ind.. 

„.,,„,         .  DItcIi  Work.  Feb.  3 

Feb.    15.  Valmralso.    Ind.. 
„  .     ,.    „      ,         .  Tile  Ditch,  Feb.  10 

Feb.  U.  Fowler.    Ind,. 

I.-  I.     ..    cu        ,    ,        '^"e**    Work.  Jan.  r 
Feb.    19.  Elbow   Lake.   Minn.. 

.,  .      .»     . .  '^"ch  Work.  Feb.  3 

Feb,    1».  Alexandria.  Minn.. 

!.-..,«         .     ...  DItcb,  Feb.  10 

Feb.    23.  Harv'el,    III., 

.    „  ,  Ditch  Work.  Feb.  3 

Mar.      3.  Fairmont,   .Minn.. 

,     Ditch  Work.  Feb.  3 
.Mar.      5.   Buffalo,    N.    Y.. 

River  Improvement.  Feb.  10 

Materials,  Machines,  Supplies,  Etc. 

F.fb.     lu.  I'liocnix,    Ariz.. 

„  .      ,„    „  ,  .  Pumping  Engine.  Jan.  27 

Feb.    10.  Baltimore,    Md., 

Feb.    10.  Baltimore,    Md.. 

_^  Electric   Light    Posu.    Etc..  Feb.  3 

Feb.    10.  Indianapolis,    Ind.. 

„  ^     ,.    „  Asphalt.  Feb.  3 

Feb,    11.  Kansas  City,  ,Mo.. 

t.  ..    ..    ^   .     ^  Water  Pipe,  Feb.  3 

Feb.  11.  Duluth.   Minn.. 

r,  .-     ..    „.  Purapo,  Feb.  3 

Feb.    11.  Washington.   D.   C.. 

Rope,    Pumps,   Jacks.    Etc.  Feb.  3 
Feb.    II.  Pittsburg.   I>a., 

„  ^     ,„    ...  Finns  Cases,  Feb.  10 

Feb.    12.  Minneapolis.   Minn.. 
„  ^       .        Sewer  and  Paving  Brick.  Feb.  10 
Feb.     12.  Boston,   Mass.. 

„  ^       .  Water    Pipe.  Feb.  10 

Feb.    13.  Chlrago.  III.. 

„  ,  Cable,  Feb.  1« 

Feb.    15.  Superior  Entr>-.  Wis.. 

Piles,  Jan.  to 
Feb.    15.  Savannah,    Ga., 

„  .  _  Paving  Blocks.  Jan.  37 

Feb.    1».  Washington.   D.    C. 

Track    SuppUes.  Jan.  r 
Feb.    15.  Sherman.   Tex., 

Pipe,   Hydrants,   Etc.,  Feb.  10 
Feb.    15.  Haskell.  Tex  . 

„  ^  ,  Pumps,    Pipe,    Etc.,  Feb.  10 

Feb.    16.  Virginia,  .Minn., 

„  ^  Fire  Hose.  Feb.  10 

Feb.    17.  Milwaukee,  Wto., 

Gas    Producer   and   Oas 
Engine,    Electric   Light 

Plant     Jan.  IS 

Mar.    17.  Portland.    .Me., 

.Mooring  Stones.  Feb.  10 
Feb.    1,.  Baltimore.  .Md.. 

Cement  Stone,  Feb.  10 
Feb.    18.  Calsar>-.    Alta., 

Pniir-rs.   Generator.  Feb.  10 
Feb.     18.  CalK 

1^  Poles.  Etc.,  Fttb.  10 

Feb.    23.  Wlni 

Pump.   Motor.  Dec     I 
Feb.    SS.  Washington,    D.   C  . 

Tt|.M-k.    V,;\.«,    Etc..  Feb.  3 
Feb.     24     - 

Engine,  Feb.  10 
Mar.      I  , 

i;;-.-trlcal  .Macli..   Etc..  Jan.  37 
.Mar       1.  .Mnskogc,  Okla., 

Pump,  Feb.  10 
Mar.      5    Grand    Rapids,    .Mich.. 

Stone.  Feb.  10 

BIDS  ASKED 
Bridges. 

Rids  are  asked  on  following  work,  the 
notes  Iwing  arranged  alphabetically  by 
states: 

Chlesoo.    Ml.— fndl    II    n     m.    F<>b     1«.    by 


.1.  I     .  f 
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inforcing  the  cantilevering  parts  of  the  sta- 
tionary   floors,    etc. 

Westmoreland,  Kan. — Until  2  p.  m..  Feb. 
25.  by  H.  G.  Huckstadt.  County  Clerk,  for 
constructing  a  300-ft.  long  steel  approach  to 
the   Stockdale  bridge   over  the   Blue  River. 

Grafton,  N.  Dak.— Until  2  p.  m..  Mar.  2, 
by  Q.  M.  Fraser.  Count.v  Auditor,  for  the 
erection  of  all  pile  and  stel  bridges  to 
be  erected  during  the  year  1909,  and  also 
for   rei.air.s   to   bridges. 

Bowling  Green,  O. — Until  Feb.  15,  by 
County  Commissioners,  for  placing  creodone 
block  floor  on    bridge   in  Center  Township. 

Cleveland,  O. — Until  11  a.  m.,  Mar.  6.  by 
County  Commissioners.  Wm.  F.  Black, 
Clerk,  for  the  construction  of  bridge  work, 
per  report  No.  2217.  new  substructure,  Mas- 
tick  Road.  Rocky  River;  report  No.  221S. 
steel  bridge,  Mastick  Road,  over  Rocky 
River.  A.  B.  Lea.  County  Surveyor,  New 
Court    House,    W.    3rd    .St.,    Cleveland. 

Cleveland,  O. — Until  11  a.  m..  Mar.  3.  by 
County  Commissioners.  W.  F.  Black.  Clerk, 
for  bridgework.  per  report  No.  2210.  pipe 
and  embankment.  Stone  Road,  Independence 
Township. 

Dungannon,  Va.— Until  Feb.  12.  by  P.  St. 
J.  Wilson,  State  Highway  Commissioner. 
Richmond,  Va.,  for  construction  of  steel 
bridge  over  Clinch  River  at  Dunganmm,  Va. 


Buildings. 


Bids  are  asked  on  following  work,  the 
nctes  being  arranged  alphabetically  by 
states: 

Fitzgerald,  Ga. — Until  Feb.  25,  by  Mayor 
J.  G.  Knapp.  for  erection  of  a  new  school 
building    liere. 

Moline,  III.— Until  3  p.  m.,  Mar.  10,  by 
James  Knox  Taylor,  Supervising  Architect, 
Wasliington,  D.  C  for  construction,  com- 
plete,  of  the  U.    S.    Post  Office  at   Moline. 

Baltimore,  Md. — Until  noon.  Feb.  18,  by 
Wyatt  &  Nolting,  Architects,  Keyser  Bldg., 
Baltimore,  for  the  erection  of  an  Adminis- 
tration Building  and  two  or  three  cottages 
on  the  site  of  the  Maryland  School  for  Boys, 
near  Loch   Raven,   Baltimore   County,   Md. 

Plymouth,  Mass. — Until  3  p.  m..  Feb.  15. 
by  County  Commissioners,  for  electric  work, 
plumbing,  heating,  roofing,  windows  and 
doors  for  the  County  Jail.  J.  W.  Best, 
Architect,   58   Summer   St.,   Boston,   Mass. 

Fort  Snelling,  Minn. — Until  11  a.  m.,  Feb. 
26.  by  R.  C.  Croxton,  Constructing  Quarter- 
master. Army  Bldg.,  St.  Paul,  Minn.,  for 
constructing   Ice    house   at    Fort    Snelling. 

Fort  Snelling,  Minn. — Until  11  a.  m..  Mar. 
1,  by  Capt.  R.  C.  Croxton,  Constructing  Q. 
M.,  Army  Bldg..  St.  Paul.  Minn.,  for  con- 
structing, plumbing,  electric  wiring  and 
electric  fixtures  of  a  Quartermaster  stable  at 
Fort    Snelling,    Minn. 

Elizabeth,    N.    J Until    3    p.    m..    Mar.    9, 

by  Janies  Knox  Taylor,  Supervising  Archi- 
tect, Washington,  D.  C,  for  the  construc- 
tion, including  plumbing,  gas  piping,  heat- 
ing apparatus,  electric  conduits  and  wiring, 
of   the   U.    S.    Post   Office  at  Elizabeth. 

Fort  H.  G.  Wright,  N.  Y.— Until  10  a.  m.. 
Mar.  1,  by  Capt.  Charles  T.  Baxter,  Con- 
structing Q.  M.,  New  London,  Conn.,  for 
the  construction  of  a  bakery  building, 
plumbing,  and  installing  heating  apparatus 
and  electric  wiring  and  fixtures  in  same,  at 
Fort    H.    G.    Wright.    N.    Y. 

Gowanda,  N.  Y.— Until  3  p.  m.,  Feb.  24, 
by  State  Commission  in  Lunacy.  T.  E.  Mc- 
Garr,  Secretary.  Albany,  N.  Y..  for  tubercu- 
losis hospital,  construction,  including  heat- 
ing, plumbing  and  electric  work;  and  cold 
storage  building  and  storeroom,  construc- 
tion, including  heating,  plumbing  and  elec- 
tric work,  at  Gowanda  State  Homeopathic 
Hospital,  Gowanda,  N.  Y.  Franklin  B. 
Ware.   State  Architect,   Albany,  N.   T. 

Middletown,  N.  Y.— Until  3  p.  m..  Mar.  3, 
by  State  Commission  in  Lunacy,  T.  E.  Mc- 
Garr.  Secretarj-,  Albany,  N.  Y.,  for  hospital 
for  acute  insane,  construction,  including 
heating,  plumbing  and  electric  work;  con- 
duits for  nurses'  home  and  farmer's  house, 
construction,  including  steam  piping  and 
electric  cables;  day  rooms  annexes,  cen- 
struction.  Including  heating  and  electric 
work;  pavilion  for  contagious  diseases,  con- 
struction, for  the  Middletown  State  Homeo- 
pathic Hospital,  Middletown.  N.  Y.  Frank- 
lin B.   Ware,    State  Architect.   Albany,  N.   Y. 

Ogdensburg,  N.  Y.— Until  3  p.  m.,  Feb. 
24.  by  State  Commission  in  Lunacy.  T.  E. 
McGarr,  Secretary,  Albany,  N.  Y.,  for  dor- 
mitory at  Inwood,  construction,  including 
heating,  plumbing  and  electric  work,  at  St. 
Lawrence  State  Hospital.  Ogdensburg,  N.  Y. 
Franklin  B.  Ware,  State  Architect,  Albany, 
N.   Y. 

Pittsburg,  Pa.— Until  10:30  a.  ra.,  Feb.  18. 
by    lOdward    G.    Lang.    Director   Department 


Public  Safety,  for  decorating  engine  house 
No.  37  on  Rebecca  near  Columbo  St.,  also 
for  decorating  engine  house  No.  38,  corner 
Ijcmington  Ave.  and  Missouri  St.  Kiehnel 
&  Elliott.  Architects,  Publication  Bldg.,  209 
9tli    St.,    Pittsburg. 

Pittsburg,  Pa.— Until  10  a.  m..  Feb.  11, 
by  Department  Public  Works,  A.  B.  Shep- 
lierd.  Director,  for  erection  and  completion 
of  porch   for  field   house   at   L,awrence    Park. 

Hot  Springs,  S.  Dak. — Until  noon,  Feb. 
25,  by  W.  A.  Tucker,  Treasurer  Battle 
Mountain  Sanitarium,  N.  H.  D.  V.  S.,  for 
constructing    a    tuberculosis    ward. 

Redfield,  S.  Dak.— Until  Feb.  17.  by  R. 
Howell.  Chairman  of  Committee,  for  erec- 
tion  of  a  County  Jail  building  here. 

Athens,  Tenn. — Until  Feb.  15,  by  W.  Z. 
Long.  Chairman  Board  of  Education,  for 
erection   of  a  school   building  liere. 

National  Soldiers'  Home,  Tenn. — Until 
noon.  Mar.  6,  by  Paul  E.  Divine,  Treasurer. 
Mountain  Branch.  N.  H.  D.  V.  S..  National 
Soldiers'  Home,  for  furnishing  all  labor  and 
material  necessary  for  ttie  complete  con- 
struction of  Surgeon's  quarters.  Bids  are 
also  asked  for  furnishing  all  labor  and  ma- 
terial necessary  for  the  complete  construc- 
tion  of   Chaplain's    quarters. 

Christiansburg,  Va.— Until  Feb.  15,  by 
George  W.  Wilson.  Clerk  County  Supervis- 
ors, for  remodeling  County  Court  House 
here. 

Winnipeg,  Man. — Until  noon.  Mar.  10,  by 
Commissioners  of  the  Transcontinental  Ey., 
P.  E.  Ryan,  Secretary,  Ottawa,  Ont.,  for 
the  construction  and  erection,  complete,  of 
shops  east  of  Winnipeg.  Plans,  etc.,  at  the 
office  of  Hugh  D.  Lumsden,  Chief  Engineer, 
Ottawa,  Ont..  and  S.  R.  Poulin,  District  En- 
gineer,   Winnipeg,    Man. 

Roads  and  Streets. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Chicago,  III.— Until  11  a.  m..  Feb.  17.  by 
Board  of  Local  Improvements,  Charles  A. 
V.  Standish.  Secretary,  for  one  contract  for 
paving  with  limestone  and  granite,  two 
contracts  for  paving  with  blast  furnace  slag 
and  limestone,  19  contracts  for  paving  with 
asplialt    on   concrete. 

Chicago,  III. — Until  11  a.  m.,  Feb.  15.  by 
Board  Local  Improvements,  C.  A.  V.  Stand- 
ish, Secretary,  for  52  contracts  for  con- 
structing cement  sidewalks. 

Boonville,  Ind. — Until  6:30  p.  m.,  Feb.  16, 
by  A.  J.  Batteiger.  City  Clerk,  for  con- 
structing brick  sidewalk,  with  cinder  foun- 
dation,   on    3rd    St. 

Danville,  Ind. — Until  10  a.  m.,  Mar.  1,  by 
Wm.  H.  Nichols,  County  Auditor,  for  con- 
struction of  three  roads,  14,752,  12,983  and 
51,236   ft.    in   length. 

Indianapolis,  Ind.— Until  10  a.  m.,  Feb.  12. 
by  Board  of  Public  Works  for  the  Improve- 
ment of  first  alley  east  of  Meridian  St., 
by  grading,  graveling  and  rolling  the  road- 
way. 

Liberty,  Ind. — Until  2  p.  m..  Mar.  1,  by 
Clinton  Gardner,  County  Auditor,  for  con- 
structing   gravel    road   In   Union   Township. 

Vevay,  Ind. — Until  1  p.  m..  Mar.  1,  by 
Scott  Culbertson,  Count.v  Auditor,  for  con- 
structing tliree-mile  gravel  road  in  York 
Township. 

Wabash,  Ind.— Until  1:30  p.  m.,  Mar.  2. 
by  J.  P.  Noftzger,  County  Auditor,  for  im- 
provement  of  a   public  highway. 

Wabash,  Ind. — Until  10  a.  m..  Mar.  4, 
by  J.  P.  Noftzger,  County  Auditor,  for 
grading,  draining  and  graveling  public  high- 
way. 

St.  Paul,  Minn.— Until  2  p.  m..  Feb.  15.  by 
Board  Public  Works,  R.  L.  Gorman,  Clerk, 
for   curbing,    etc.,   on  Beacon   Ave. 

Brooklyn,  N.  Y.— Until  11  a.  m.,  Feb.  17, 
Ijy  Bird  S.  Coler.  Borough  President,  for 
the  Improvement  of  several  streets  by  regu- 
lating, grading,  curbing  and  paving  with 
asphalt  on  a  concrete  base.  Bids  are  also 
asked  for  laying  sidewalks  on  a  number  of 
streets. 

Corning,  N,  Y.— Until  7:30  p.  m..  Mar.  4. 
by  Board  Public  Works,  R.  H.  Canfield,  Su- 
perintendent, for  constructing  about  3.600 
sq.  yds.  brick  pavement  with  cement  curb 
and  gutter  and  for  4,300  sq.  yds.  of  macad- 
am pavement. 

Cleveland,  O.— Until  11  a.  m.,  Feb.  17,  by 
for  grading,  draining  and  improving  State 
Road    No.    6. 

Toledo,  O. — Until  noon,  Feb.  16,  by  Board 
Public  Service,  Reynold  Voit,  Secretary,  for 
paving  portions  of  several  streets  with  vit- 
rified paving  blocks,  sheet  asphalt  or  creo- 
soted    wood    blocks. 


College    Hill     (P.    O.    Beaver    Falls),    Pa 

I'ntll  S  p.  m..  Feb.  19,  by  Town  Council, 
Carl  S.  Donaldson.  Borougli  Engineer,  Bea- 
ver Falls,  for  improvement  of  College  Ave., 
tlie  work  including  9,000  sq.  yds.  vitrified 
block  paving  and  2,800  lin.  ft.  of  20  to  36- 
in.    storm    sewer. 

Philadelphia,  Pa. — Until  noon,  Feb.  15,  by 
Department  Public  Works,  Geo.  R.  Stearns, 
Director,  for  repaving  Market  .St.,  from  Del- 
aware Ave.  to  Bridge  over  Schuylkill  River 
with  selected  Eastern  granite  blocks,  best 
quality  of  refined  natural  asphalt  or  wood 
blocks.  Specifications,  etc.,  at  office  of  Bu- 
reau of  Highways,  room  232,  City  Hall. 

Waukesha,  Wis.— Until  2  p.  m.,  Feb.  26. 
by  Board  Public  Works,  John  P.  Dey. 
Cliairman,  for  street  improvement  work  to 
cost  about  $40,000  and  to  Include  10,000  cu. 
yds.  of  excavation  18.000  lin.  ft.  of  combina- 
tion curb  and  gutter  and  26.000  sq.  yds. 
of  macadam  with  tar  surface.  Official  ad- 
vertisement will  be  found  elsewhere  in  this 
issue. 

Sewers. 

Bids  are  asked  on  following  work,  the 
notes      being     arranged     alphabetically      by 

states: 

New  London,  Conn. — Until  noon.  Mar.  1. 
by  W.  H.  Richards.  Engineer  Water  and 
Sewer  Commissioners,  for  constructing  and 
laying  a  submerged  wooden  outfall  sewer 
and  settling  basin  and  laying  tile  pipe  con- 
nections. 

Indianapolis,  Ind. — Until  10  a.  m.,  Feb.  12. 
by  Board  of  Public  Works,  for  the  con- 
struction of  a  local  sewer  in  first  alley 
north  of  Indiana  Ave.,  and  other  alleys, 
from  Crawfordsville  Road  to  alley  south  of 
18th    St. 

Louisville,  Ky. — Until  noon.  Feb.  26.  by 
the  Commissioners  of  Sewerage,  J.  B.  F. 
Breed,  Chief  Engineer.  Equitable  Bldg.,  for 
the  construction  of  12th  St.  sewer.  Contract 
No.  25.  The  work  will  consist,  mainly,  of 
building  a  reinforced  concrete  sewer  about 
3,900  ft.  long,  from  16  ft.  to  27  ft.  deep, 
and  including  about  3.350  cu.  yds.  of  con- 
crete and    320,000   lbs.  of   steel. 

Natchitoches,  La.— I'ntil  noon,  Feb.  22,  by 
P.  E.  Prudhomme.  President  Police  Jury, 
for  material  and  labor  for  constructing  sew- 
er   from    jail   and    court    house. 

King's  Park,  N.  Y.— Until  3  p.  m..  Feb. 
24.  State  Commission  in  Lunacy,  T.  B.  Mc- 
Garr, Secretary,  Albany,  N.  Y.,  for  sewer- 
age and  sewage  disposal  works,  and  altera- 
tions to  plumbing  wards  41.  42,  43,  44,  47, 
48  and  49:  plumbing  and  construction  at 
the  Kings  Park  State  Hospital.  Kings  Park. 
N.  Y.  Certified  check  for  $2,000  required 
with  bid  for  sewer  work,  and  for  $500  for 
plumbing  and  alterations.  Franklin  B. 
Ware.  State  Architect,  Albany,  N.  Y.  Plans, 
etc..  are  also  on  file  at  office  of  State  Com- 
mission, room  5212,  1  Madison  Ave.,  New 
York. 

Rochester,  N.  Y.— Until  3  p.  m..  Feb.  24, 
by  State  Commission  in  Lunacy,  T.  B.  Mc- 
Garr, Secretary,  Albany.  N.  Y.,  for  sewer 
and  elector  at  Rochester  State  Hospital. 
Rochester,  N.  Y.  Franklin  B.  Ware,  State 
Architect.    Albany,    N.    Y. 

College  Hill  (P.  O.  Beaver  Falls),  Pa — 
See    under    Bids    Asked — Roads    and    Streets. 


Water  Supply. 


Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Colfax,  III.— Until  7:30  p.  m.,  Feb.  20,  by 
J.  C.  Barnes.  Village  Clerk,  for  con.structlng 
water  works.  J.  G.  Melluish.  Engineer. 
Bloomlngton.  III.  Official  advertisement  will 
be  found   elsewhere   in   this  Issue. 

Decatur,  III.— Until  Feb.  19,  by  Albert 
Leach,  City  Clerk,  for  furnishing  masonry 
work  and  piping  for  the  new  city  water 
works  pumping  station.  Daniel  W.  Mead. 
Engineer.    401    State    St.,    Madison,   Wis. 

Rock  Island,  III. — lentil  5  p.  m..  Mar.  1, 
by  M.  T.  Rodgren.  City  Clark,  for  the  con- 
struction of  a  complete  mechanical  filtration 
plant,  bidder  to  furnish  detail  plans  and 
specification.^. 

Elkhart,  Ind.— Until  10  a.  m..  Feb.  17,  by 
Board  of  Public  Works  for  supplying  the 
cltv  and  inhabitants  with  water  for  all 
domestic  purposes  and  public  uses,  includ- 
ing fire  protection,  for  a  period  of  25  years 
from    April   28,    1909. 

Fort  Assiniboine,  Mont. — TTntil  11  a.  m., 
Jtar.  4.  by  J.  E.  Sawyer.  Chief  Q.  M.,  St. 
Paul,  Minn.,  for  the  construction  of  a  150,- 
000-gallon  steel  water  tank  and  trestle  at 
Fort  Assiniboine,   Mont. 

Cincinnati,  O.— Until  noon.  Feb.  12,  by 
Board      Public      Service.      John    J.    Wenner, 


rt'briiarv  lo.  iQor). 
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<'l<Tk.  for  runilnhlne  lalmr  ami  iimt.-iliilH 
(or  Iho  Uiyiiii;  ol  i>li><'.  h|i<  i  Uil  •  .isiIuk.h  itiul 
vulVfM,  and  other  iiilHtii'llaiifuiiH  wurk  in 
<'i>iiii<'<'tlon  tlKTfwKli.  for  the  wuUt  dUtrl- 
builun    system   of    the    city    durlns    the    year 

Milwaukee,  Wit.— I'ntll  1>I:30  a.  in..  Mar. 
I,  l>v  Koiird  Public  WorkM.  Clinrlea  J. 
ri»*-l!*i'h.  (*)mlrnmn,  ft»r  furnlHliliiK  iiuite- 
rliiK'4  and  labor  re«iuln*d  to  lay  a  rant  Iron 
water  iiialn  36  Ins.  In  diameter  aeroM.i  the 
Milwaukee  lUvor.  (rum  the  fiHit  of  Bnidfurd 
Ave.  Ill  the  west  side  In  extension  of 
WrlKht  St.  Certlll.-d  check  for  11.300  re- 
<iulred  with  bid.  HIds  are  also  asked  (or 
nuiterlals  and  labor  reiiulred  to  lay  a  36-ln. 
cii»t  Iron  water  supply  main  In  and  alont; 
Terrace  Ave.:  certincd  check  for  $6,000  re- 
.liilr.'.l    with    bid. 

Milwaukee,  Wl» — l.'ntll  10:30  a.  m..  Feb. 
15.  by  Board  Publli-  Works.  i^harles  J. 
Poetsch.  Chairman,  (or  (urnlslilni;  materials 
and  labor  required  to  lay  water  mains  In 
such  streets  In  the  city  as  may  be  direct- 
ed by  the  Board  of  Public  Works  durlne 
1909 


Miscellaneous. 


Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

TIburon,  Cal. — Coal  Shed.— Until  Mar.  I. 
by  Bureau  of  Equipment.  Navy  Depart - 
mcnl.  Washington.  t>.  C.  for  constructing 
a  coal  shed  at  U.  S.  Naval  Coal  Depot. 
California    City    Point. 

Savannah,  Ga.— Dike  Work. — Until  noon. 
.Mar.  3.  by  Col.  Dan  C.  Kingman.  U.  S. 
Engrs..  for  raising  and  repairing  dikes  and 
training   walls   In    Savannah    Harlior.    Ga. 

Indianapolis,  Ind — Wire  Fence. — Until  10 
a.  m..  Feb.  11.  by  Board  of  Park  Commis- 
sioners, for  constructing  5.000  ft.  of  woven 
wire   fencing. 

Des  Moines,  la — Electric  Plant.— Until 
noon.  Mar.  1.  by  Harry  B.  Frease.  County 
Auditor,  for  an  electric  light  and  power 
plant  for  the  County  Court  House  and  .lall. 
Proudfoot  &  Bird.  Architects.  «2r)  Flynn 
BIdg..    Des   Moines. 

Albany,  N.  Y.— Rebuilding  Fire  Engine.— 
Until  3  p.  m..  Feb.  15,  by  Isidore  Wachs- 
man.  Secretary  Board  of  Control,  for  re- 
building  steamer   engine  No.    6. 

Milwaukee,  WIs.—Haullng.— Until  10:30  a. 
m..  Feb.  15.  by  Board  Public  Works,  Charles 
J.  Poetsch,  Chairman,  for  hauling  and  de- 
livering water  pipe,  hydrants  and  special 
castings  as  may  be  required  by  the  Water 
Deiuirtment   of    the    city   during    1909. 

Ottawa,  Ont. — Grand  Stand —Until  noon. 
Feb.  12.  by  Central  Canada  Exhibition  As- 
sociation. 26  Sp.nrks  St.,  Ottawa,  for  the 
erection  of  a  reinforced  concrete  grand 
stand  on  the  Ottawa  fair  grounds. 

Excavation,  Earth  and  Rock. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Paw  Paw,  III.— Ditch  Work.— Until  2  p. 
m..  Feb.  13.  by  .lohn  Harper.  Secretary 
Drainage  Commissioners,  for  constructing 
main  ditch  and  lateral,  about  three  miles 
In  all  S.  T.  Armstrong.  Engineer,  Syca- 
more.   Ill, 

Lebanon,  Ind.— Ditch.— Until  10  a.  m.,  Feb. 
13.  by  Daniel  Honan.  Superintendent  of 
Construction,  at  ofjlce  of  County  Surveyor 
at  Lebanon,  for  the  construction  of  the 
Richardson    public   ditch. 

Valparaiso,     Ind Tile    Ditch— Until    10    a. 

m..  Feb.  15.  by  Thomas  J.  Wilson,  Con- 
struction Commissioner,  at  odlce  of  Coun- 
ty Surveyor,  for  the  construction  of  the 
Alpen    10-ln.    tile   ditch.    2.564    ft.    long. 

Alexandria,  Minn.— Ditch.— Until  10  a.  m.. 
Feb.  19.  by  E.  J.  Brandt.  County  Auditor, 
(or  constructing  Judicial  Ditch  No.  2,  re- 
quiring  41fi.000    cu.    yds.    of   excavation. 

Buffalo,  N.  Y. — River  Improvement. — Un- 
til 11  a.  m..  Mar.  5.  by  F.  G.  Ward.  Com- 
missioner of  Public  Works,  for  the  Im- 
provement of  Hufffalo  River,  the  work  re- 
quiring about  2.325.000  cu,  yds.  of  earth 
excavation.  Geo.  H.  Norton  Is  Deputy  En- 
gineer   Commissioner. 

Materials,  Machines,  Supplies,  Etc. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Chicago,    III Cable.— Until    11    a.    m.,   Feb. 

IS.  by  William  Carroll.  City  Electrician. 
Room  403,  76  Fifth  Ave.,  for  fuml.«lilng  1.520 
ft.,  more  or  less.  S-conductor.  pap'-r-lnsu- 
lated     No.     00     lead-lacascd      cable:     ISO     fl 


itnbrlc-ln- 


I     t"r     tlic 


more    "r    kitji.    Kliitib  ->'. 
Hulated   No,   00  lead-im.. 

Portland,        Me.     >■ 
noon.    .Mar.    IT.   bv    • 
Portbind,    Me.    (..r   : 
(or    the    First     I-Ikkm  i  i     i. 

lUi-Jil    year    endluk'    Jiiiu     :.'>.    ]■.')' 

Baltimore,    Ind,     I'.m.rt     .■-■!.      i:i,       Un- 
til   II    a.    m..    F.I,     17.    |. 
Jr.,   Chle(      Eiiglii.-.r.    1-: 
(or    (urnlnliing    r.ineni. 

gravel,    brick,    lumber,  uiid   lur  luuliiig    bulk 
material. 

Boston,  Mass.  Water  Pipe  Until  noon. 
Feb.  12,  by  Wm.  E.  llannan,  Wai.  r  <'om- 
mlssioner.  38  city  Hall,  for  (urnlsblng  2.733 
tons  o(  cast  iron  pipes  and  special  tasllngs. 
Grand  Rapids,  Mich.  Sb.ne— Until  3  p. 
m..  .Mar.  3.  by  Col,  .M.  I!,  Adams,  U.  S. 
Kngr..  37  Park  St..  Grand  Kiipl.lM,  Mich,, 
(or  (urnl.xliing  stone  (or  pier  lining  at  St, 
Joseph  and  South  Haven  Harbors.   .Midi. 

Minneapolis.     Minn. — Sewer      and       Paving 
Bri.k.    Ki.-.  — I'litll    7:30    i>,     m,    Feb.     12.    by 
City     Clerk,     (or    (urnlshing    2.OOci.00O     sewer 
brick,    sewer   pipe.    200    tons   o(  special    cast- 
ings, etc.      Bids  are  al.so  asked   (or  (urnlsh- 
ing   40.000    sq.    yds.    of    paving    blocks.    40.000 
sq.     yds,     of     vltrltled     paving     blocks.     2.00ii 
cu.   yds,    of  crushed   granite,    2.00ip    lln     ft     "f 
5x20-in.    granite   curb,    2.000  lln.    ft       ' 
stone    curb.     150.000    sq.    yds.    of 
blocks.       Bids  .are  also  asked    for    : 
40.000    bbls.     of    Portland    cement    ir    sir.  .  t 
work.   10.000  bbls.   Portland  cement  and  5.0U0 
bbls.    natural   cement    for  sewer  work.       An- 
drew   Rinker.    City    Engineer. 

Virginia,  Minn.— Fire  Hose, — Until  8  p.  m.. 
Feb,  16.  by  A.  E,  BIckford.  City  Clerk,  for 
1. 000  ft,  of  2H-in.  cotton,  rubber-lined,  nre 
hose. 

Muskogee,  Okla.— Pump.— Until  Mar.  1.  by 
Morgan  Caraway,  City  Clerk,  for  a  4.000,- 
000-gallon,   crank,   fly-wheel   pump. 

Pittsburg,  Pa.— Filing  Cases.— Until  10  a. 
m.,  Feb.  11.  by  Department  Public  Works. 
A,  B,  Shepherd.  Director,  for  steel  filing 
cases,  gallery  and  book  rack  to  be  erected 
In  the  offlce  of  the  Bureau  of  Surveys,  City 
Hall. 

Haskell,  Tex.— Pumps.  Pipe.  Etc.- Until 
Feb.  15.  by  the  Mayor  and  Cltv  Council, 
for  the  purchase  by  city  of  ali  material 
necessary  in  the  construction  of  a  system 
of  water  works  and  sewers  which  will  In- 
clude return  tubular  boilers,  duplex  pumps, 
boiler  feed  pumps,  heaters,  cast  iron  plpo. 
hydrants  and  valves;  also  standard  vitri- 
fied, salt-glazed  sewer  tile  and  flitlngs,  man- 
holes,   frames  and  covers. 

Sherman,  Tex — Pipe.  Hydrants.  Etc. — 
Until  7:30  p.  m..  Feb.  15.  by  City  Secretary, 
for  furnishing  following  material:  1.750  ft. 
6-in.  cast  Iron  pipe.  2.100  ft.  4-ln.  cast  Iron 
pipe.    50    flre    hydrants,    etc. 

Calgary,  Alta — -Ralls.  Wire.  Poles.  Etc.— 
Until  noon.  Fob.  18.  by  H.  E.  Glllls.  City 
Clerk,  for  furnishing  the  following:  397  long 
tons  80-lb.  steel  rails;  746  long  tons  60-lb. 
steel  rails,  together  with  certain  special 
work,  also  spikes,  bonds,  tie  plates,  angle 
Irons,  track  bolts,  ties.  etc..  12  standard 
street  railway  cars,  one  street  railway 
sprinkler,  one  street  railway  sweeper,  steel 
span  wire  poles  30  ft.  and  35  ft.,  three  sec- 
tions; cedar  pedes.  12.5  miles  of  2.0  trolley 
wire,  10.2  miles  of  3.0  feed  wire,  span 
wire,  hangers.  Insulators  and  conical  strain 
Insulators,  ears,  cross-overs  and  trolley 
frogs, 

Calgary,  Alta, — Boilers.  Generators. — Un- 
til noon,  Feb,  18.  by  H.  E.  Glllls.  City 
Clerk,  for  furnishing  city  with  3  water  tube 
boilers  equlval.nt  to  1.000  hp.  with  idping 
and  Induced  draft  system  f..r  2.300  h,  p, ; 
also  1  500-k,w.  generator  ennrif-ted  to  a 
750-h.p.  high  speed  englio-  f^r  railway  sys- 
tem,   with   condenser,    swilehboard.    etc. 

Saskatoon,     Sask. — Pumping     Engine. — Un- 
til S  p.    m..   Feb.  24.   by  J     H     ■|ru>',lale     .•;.■.•■ 
relary-Tri'asurer.    for    fur: 
Ing  a  pumping  engine  of 
to   1.500   U.   S.   Gallons  of  .i     ...   -  ;  _ 

f;hlpman.    Chief   Engineer,    1«3   Hay    St..    Tw 
runto.    Ont. 

CONTRACTS  LET. 

The  (ollowing  contracts  have  oeen  iei  re- 
cently: 

Huntsvllle,  Ala. — Building.— Ben  Glldwell. 
(or  erecting  school  building  for  the  Butler 
Training  School, 

Mesa.    Ariz,     v, \merlcan 

Light    *    Water  Mo.,    for 

eoii."Iriicllng  w.ii 

DeQueen.    Ark  -  merlcan 

I.lk-ht    *    Wnl.r  Mo.,    for 

constructing  win  ' » 

San  Bernardino.  Cat.  Hrlilge.  Culverts  — 
Mcliilvre  C.iiient  Co  .  Ulversld.'.  Col.,  at  14.- 
S47.     for    constnictlnif    bridge      over      War"' 


I 'reek         .'4nnie    eum|>uny  was    it                       ..\ 

eonlmcl  for  construcllns  Ave  •  il- 
verts  o\  <  r  Tow  n  Creek. 

San     Bernardino,    Cal.- Crosswalka.— E     R 

W.  r.Un    .V-    <o,    1^,,    Ai,;.-.1.«.    C«l„    at    tS,0<&. 

(or  iniillng  In  .•:  .-r,.. 

Sacramento.    C.i  Improvement. — 

t     U.wiry.  (or  liii|.r.Mi^  .v  g|.  from  ISth  to 

:i.Ht   .--•t, 

Denver.    Colo      i ..,..., u-...l  .;     ^ 

IbiblriHon  A  ,1 
nidg  .   St     I. 

Miruitliig   r. -    ..i    ..,,..ils 

for  llie   Hetirvlyn  Irrlw  ic-t. 

Wilmington.   Del.     M  Th.-  HI.  h- 

.iril  .M(g    C  •  ,r 

the    metal     .  .( 

.MLih     .Maul     -  re 

Boy.  The  oil,.  I  k 
were  ns    follows 

mlngton.    Del  .J  n 

Co.,  Canton.  <>...'  v 
Co..    Lynchburg. 

chine  Works,  All  r- 
gan  Pipe  &  Foundr>  Co.,  Uynclibuig,  Va., 
»26.20«. 


Gary.    Ind. 

Point.  Ind  .  . 
over  Calune 


•I    Crowell.  Crown 
Msiructlns  bridge 


Lincoln,  III.— Sewer.— Lynn  R.  Parker,  at 
J2.33S,  (or  constructing  sower  In  North  Ham- 
ilton .<!. 

Cedar  Rapids,   la.— Bridge  —Clinton   Bridge 

&  Iron  Works.  Clint.. n,  l.i  .,t  Ji  ;.::    r,,r  .  ..n- 

siruciing    bridge    •  -i. 

St.  Bridge  is  to  .  -( 
wld.-.    .-.f    St.. I     -.^ 

bil  1.114 

f^  .   Un- 

','■'  "        r,  15.- 

•'"■  .     Iv;i7.     Cedar 

'  '  Pan-Amerlc.in 

Bi^  I : ridge  Co..  15.650. 

Eldora.  la. — Warehouse— Johnson  A  Nel- 
son, It.-d  Wing,  Minn.,  (or  er.^tlon  .-.f  }«0  000 
warehouse  (or  the  Western  ';  ' 

Maquoketa,    la.  — Bridge.- .  ig,   * 

Iron   Works,  Clinton.    la..   (.,;    ,„   Uriari 

over  .^lllquoketa  River  at  Hard  Scrabble.  ?n 
Jones  County, 


Monmouth.    III.-    ■■ 

Walsh    Construcli 
repori-<l    to   hMv. 
structlon   of   t 
and  Southeri 

Paris.    III.-  I 
constructing  new    {...Biuince   ! 

Gary.   Ind Sewer —Na«h    • 

at    •-  ■■-■■     '   -        -    ■- 

tilt 

re.  ' 

IL. 


>y.    —    Pat 
.rt.    la..    Is 


lliunrii._i..J. 


18.362:  K.    .M.  Schefiow, 

_  Chlsholm,    Minn.- CU:.  .     E.    Kreta 

Co..    Duluth.   Minn.,   for  crLCtlog  new   t40  000 

city  tuill  here. 

Toledo.  O.-I-    II    .1,  _A    Bentley  &  Sona. 

-;    concrete    dry    dock 

►:    Co.,    to    cost    about 


Toledo,    for 
for    Toledo    .■■ 
1200.000. 


Akron,    O.    —    Bridge    Abutments.    —    Eph 

Hovey.  at  11.01 1,    for  constni.-tlng  at.iitrn.  nis 
for  th..  Ira  bridg..  for  . 
Nlles.    O.— Sener     I'l; 

Co..     .Marietta.    O..    for    ;..-. ..„    ^.,,     „.,,. 

sewer  pipe. 

Youngstown,  O — Sewera— E.  DIrlo  for  con- 
strucling  Sewer  In  Walnut  St..  and  Patrick 
Grady,  for  constructing  sower  In  Wollendorf 
Ave. 

Guthrie,  Okla.-  I 
Co..  Canton.  i>  .  a  ■ 
steel    t.rl.lc.'    .-■■..  r    ■ 

,■'"■  wllU 

III 

Pack  City  (P.  O.  Knoxvillej,  Tonn Sew- 
ers—John L.  D'Connor.  at  114.16!!.  for  con- 
structing sewers. 

Houston.  Tex.- Sewer  Connections. -Hor- 
ton  *  Morfor,  nt  11.021.  for  the  South  End 
»e» 


eonstl ;;« 
city  lo  . 

Wio. 


wers.  Water  Works. — 
Co.  I>altaa.  Tex.,  for 
and  «-nIer  works  for  this 


■W.lln.-v 


about  ll.ooo.ofto. 

Suprrlor,    Wli.     Brl.l.;..   W..rk 
llr." 

of    I 
lo     t 

R    R 

Vsracruz,    Msx. — Terminal  Work.— See  un- 
'I.  '   Projected  Work— Railroads, 
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PROJECTED  WORK. 
Bridges. 

Items  Arranged  Alphabetically  by  States. 

Phoenix,  Ariz. — Congress  is  to  be  asked  to 
tnal^e  an  appropriation  for  tlie  construction 
by  the  Federal  Government  of  a  bridge  over 
the    Colorado    River   at    Yuma. 

Sacramento,  Cal. — Measure  is  to  come  be- 
fore the  State  Legislature  pro\iding  for  the 
building  by  the  state  of  a  suspension  bridge 
over  the  Carquinez  Straits,  near  the  towns 
of  Benicia  and  Port  Costa.  It  is  thought 
that  the  bridge  will  cost  at  least  $7,000,000. 
N.  EUery,  Sacramento,  Cal.,  is  State  Engi- 
neer. 

Lewiston,  Idaho. — The  Lewiston  Commer- 
cial Club  has  formed  a  committee  to  organ- 
ize a  stock  company  for  constructing  a 
bridge  over  Clear  Water  River  at  Lewiston. 
Idaho. 

Grangeville,  Idaho. — Bill  is  to  come  before 
the  State  Legislature  providing  for  a  bridge 
over  the  Salmon  River  at  Goff.  The  river 
is   240   ft.    wide   at  this   site. 

Cambridge,  III. — County  Commissioners 
have  passed  resolution  for  the  construction 
of  a  bridge  over  Rock  River  at  Colona  to 
cost    $33,200. 

South  Bend,  Ind. — County  Commissioners 
have  been  petitioned  to  reconstruct  the 
bridge  over  the  St.  Josepli  River  at  Logan 
St. 

Indianapolis,  Ind. — Board  of  Public  Works 
has  directed  Blaine  H.  Miller,  City  Engineer. 
to  prepare  plans  for  construction  of  a 
bridge  over  Pleasant  Run  at  Emerson  Ave. 
The  bridge  will  be  of  concrete  and  will  cost 
about    $5,500. 

Sioux  City,  la. — Various  railroads  interest- 
ed have  agreed  upon  plans  and  specifica- 
tions for  the  viaduct  to  be  constructed  over 
the  tracks  at  Wall  St.  As  proposed,  the 
viaduct  will  be  of  steel  and  its  whole  length 
will  be  about  1,500  ft.,  including  approaches. 
It  is  to  cost  about  $200,000.  Plans  for  it 
were  prepared  by  G.  A.  Casseday,  Bridge 
Engineer  of  the  Great  Northern  Ry.,  St. 
Paul.    Minn. 

Wichita,  Kan. — County  Commissioners 
have  decided  to  build  two  bridges  over  the 
Rock  River  at  the  south  corner  of  Valley 
Center   Township. 

Lansing,  Mich. — City  Council  is  considering 
the  matter  of  erecting  a  new  bridge  on  Ce- 
dar  St.,   to  cost  about  $30,000. 

Wabash,  Minn. — The  County  Commission- 
ers have  decided  to  build  a  new  concrete 
bridge  over  Trout  Brook. 

Great  Falls,  Mont. — The  Boston  &  Mon- 
tana Co.  has  decided  to  rebuild  the  suspen- 
sion bridge  over  the  Missouri  River  con- 
necting the  smelter  with  the  Townsite  Co.'s 
powerhouse. 

Kansas  City,  Kan. — A  bill  is  before  the 
State  Legislature  to  authorize  the  Commis- 
sioners of  Wyandotte  County  to  remove, 
rebuild  or  replace  any  of  the  bridges  over 
the   Kaw    River. 

Asheville,  N.  C. — County  Commissioners 
are  considering  issuing  $50,000  of  bonds  for 
building  a  bridge  over  French     Broad  River. 

Cleveland,  O. — Special  election  will  be  held 
April  6  to  vote  on  issuing  $1,000,000  of  bonds 
for  repairing  the  Central  and  Superior  via- 
ducts. 

Youngstown,  O. — City  officials,  the  Balti- 
more .t  Ohio  R.  R.  and  the  Erie  and  Penn- 
sylvania R.  R.s  have  taken  steps  for  th^ 
construction  of  a  $200,000  viaduct  at  Spring 
Common.  City  Council  has  voted  a  $50,000 
bond  i&sue  for  the  improvement.  F.  M. 
Lillie   is  City   Engineer. 

Coshocton,  O. — County  Commissioners 
have  ordered  a  $325,000  bond  issue  for  the 
building  of  two  new  bridges  at  this  point. 
Of  this  amount  $183,000  is  for  the  Main 
St.  bridge  over  the  Muskingum  and  $122,000 
for  the  12th  St.  bridge  over  the  Tuscarawas. 

Columbus,  O. — The  City  Council  has  di- 
rected Henry  IMaetzel,  Engineer,  to  pre- 
pare plans  for  the  erection  of  a  viaduct 
at  3d   St. 

Portland,  Ore. — City  Council  has  adopted 
a  resolution  favoring  the  construction  of  a 
bridge  over  the  Columbia  River  from  a  point 
on  Patton  Ave.  in  this  city  to  Vancouver. 
Wash.,  and  recommending  the  appointment 
of  joint  committees  of  the  Oregon  and 
Washington  Legislatures  to  investigate  the 
project. 

Pittsburg,  Pa. — The  City  Finance  Commit- 
tee has  recommended  to  Council  an  ordi- 
nance for  11  additional  employes  in  the 
Bureau  of  Construction  to  prepare  plans  for 
the  propo-sed  new  bridge  at  a  point  over 
the  Alleghany  River.  The  bill  provides  for 
two    Assistant    Engineers,      five      draftsmen, 


two    chainmen    and    one    transitman.       A.    B. 
Sheppard  is  Director  of  Public  Works. 

Hearne,  Tex. — This  city  is  to  build  a  wagon 
bridge  over  the  Brazos  River,  near  the  West 
plantation.       P.    L.    Brady    is    Mayor. 

Chelan,  Wash. — A  bill  is  to  come  before 
the  State  Legislature  providing  for  the 
building  of  a  bridge  over  the  Chelan  River 
at  Wooden  Ave.,  to  cost  from  $10,000  to  $12,- 
000.    of  which   the   town   is  to   pay   one- third. 

Waukesha,  Wis — Plans  and  specifications 
for  a  new  bridge  over  the  I'iver  at  Broad- 
way have  been  completed  by  the  I3oard  of 
Public  Works.  It  will  be  a  two-span,  rein- 
forced concrete  structure  and  will  cost  $5,- 
500. 

Toronto,  Ont. — Plans  are  about  completed 
and  bids  are  to  be  asked  soon  for  the  con- 
struction of  a  bridge  at  Bathurst  St.  C.  H. 
Rust  is  City  Engineer. 

Railroads. 

Items  Arranged  Alphabetically  by  States. 

Gould,  Ark.— The  Gould  Southwestern  Ry.. 
completed  a  short  time  ago.  is  stated  to  be 
projecting  an  extension  of  the  line  into 
Cleveland  County  in  order  to  connect  with 
the  Cotton  Belt  and  Rock  Island.  The  right- 
of-wa.v  for  a  portion  of  the  distance  has  been 
secured.  At  present  the  road  extends  from 
Gould  to  Star  City,  a  distance  of  22  miles. 
S.  G.  McClelland,  of  Gould,  Ark.,  is  Genera) 
Manager. 

Little  Rock,  Ark.— The  Zinc  Belt  R.  R., 
mentioned  in  our  last  issue,  proposes  th« 
construction  of  a  road  from  the  mouth  of  tho 
Big  Creek,  in  Marion  County,  for  the  pur- 
pose of  developing  mineral  lands.  The  pro- 
jected length  is  30  miles.  The  directors  of 
the  road  include  W.  H.  Gore.  W,  .L.  Allen  of 
Chicago,  111.,  Frank  Pace  of  Little  Rock, 
Ark.,  and  H.  Wells,   Yellville,  Ark. 

Wilmington,  Cal. — Los  Angeles  Harbor  Co.. 
A.  C.  Bird,  President,  Los  Angeles,  Cal.,  is 
constructing  a  5-mile  line  around  the  west 
basin  at  Wilmington. 

Lakeport,  Cat.- The  Crater  Lake  Northern 
Ry.  Co.  has  been  incorporated  with  a  capital 
stock  of  $1,000,000  and  proposes  to  build  a 
railroad  from  Lakeport,  in  Lake  County,  to 
Pieta,  in  Mendocino  County.  The  directors 
are  R.  C.  Burnett.  Marion  Becki,  San  Fran- 
cisco, Cal.,  Edwin  Schwab,  R.  M.  Sims, 
Berkeley,   Cal..   and  W.   I.   Brobeck. 

Wichita,  Kan. — Surveys  are  to  be  made 
for  the  proposed  road  from  this  place  to 
Kingsley.  Kan.  Levi  S.  Smith,  Kingsley, 
Kan.,  is  interested. 

New  Orleans,  La. — The  Illinois  Central  R. 
R..  A.  S.  Baldwin,  Chief  Engineer,  Chicago. 
III.,  according  to  advices  from  this  city,  will 
begin  work  this  spring  on  the  construction 
of  freight  sheds  to  cost  between  $3,000,000 
and  $4,000,000.  The  buildings  are  to  be 
erected  on  tlie  property  recently  purchased 
by  the  Yazoo  &  Mississippi  Valley  R.  R.  be- 
tween Poydras  and  Girard  Sts.  and  Clay- 
borne  and  the  basin. 

Alpena,  Mich. — The  Detroit  &  Mackinac 
Ry.,  H.  S.  Waterman,  Chief  Engineer,  East 
Tawas,  Mich.,  contemplates  extending  a 
branch  line  to  Hillman   early  in   the  spring. 

Quitman,  Tex. — The  Texas  Short  Line  R. 
R..  now  operating  between  Hoyt  and  Grand 
Saline,  is  said  to  be  planning  to  build  a  9- 
mile  extension  from  Quitman  to  Sulphur 
Springs.  T.  B.  Meeks.  Grand  Saline,  Tex., 
is   General  Manager. 

Pecos,  Tex. — Contracts  are  to  be  let  by 
March  15  for  the  construction  of  the  Pecos 
&  Southern  Ry.,  which  projects  a  45-mile 
line  from  Pecos  to  Davis  Mountain  by  way 
of  Baymorhea.  M.  L.  Swinehart,  Pecos, 
Tex.,   is  Chief  Engineer. 

Mt.  Pleasant,  Tex.— Paris  &  Mt.  Pleasant 
Ry.  Co.  will  soon  begin  work  on  the  con- 
struction of  40  miles  of  line.  Ten  miles  of 
line  already  built  out  of  Mt.  Pleasant  will  be 
used  by  the  company  and  the  40  miles  will 
be  additional.  The  capital  stock  of  $750,000 
has  been  subscribed.  R.  F.  Scott,  Paris. 
Tex.,  is  President. 

Quanah,  Tex. — The  Acme,  Red  River  & 
Northern  Ry.  Co.  has  changed  its  name  to 
the  Quanah.  Acme  &  Pacific  Ry.  Co.  and  the 
capital  stock  has  been  increased  from  $25,000 
to  $70,000.  The  company  is  planning  a  50- 
mile  extension  beginning  on  the  west  line  of 
Quanah  into  Cottle  County  and  through 
Hardeman  County.  The  road  at  present  Is 
12  miles  long.  T.  K.  Hawkins,  Quanah,  Tex., 
is  Secretary, 

Cape  Charles  City,  Va. — Work  is  to  be  be- 
gun shortly  by  the  New  York,  Philadelphia 
&  Norfolk  R.  R.  on  the  construction  of  a  new 
freight  yard  .at  this  place.  It  is  also  under- 
stood that  the  company  expects  to  soon  re- 
sume double  tracking.  In  connection  with 
the  work  the  bridges  at  Salisbury  and  Fruit- 


land,  Del.,  are  to  be  filled  in.  J.  G.  Rodgers, 
Cape  Charles  City,  Va.,  is  Superintendent. 

North  Yakima,  Wash. — Press  reports  state 
that  the  contract  for  IS  miles  of  roadbed  be- 
tween this  city  and  Beverley  has  been  let  bv 
the  Priest  Rapids  R.  R.  Co.  to  a  local  con- 
tractor. The  Priest  Rapids  R.  R.  is  said  to 
be  connected  with  the  Milwaukee.  Offices 
are  to  lie  maintained  in  North  Y'akima  for 
furnishing  labor  and  supplies. 

Milwaukee,  Wis.— The  Chicago  &  North- 
western Ry.  Co.,  C.  S.  Hall,  Engineer  of 
Track  Elevation,  Chicago,  111.,  will  proceed 
at  once  with  its  track  elevation  and  bridge 
building  work  on  the  South  Side  and  in 
Bay  View. 

Vancouver,  B,  C— D.  C.  Corbin.  Spokane 
Wash..  President  and  General  Manager  of 
the  Spokane  International  R.  R.,  will  re- 
apply at  the  coming  session  of  the  British 
Columbia  Legislature  for  a  charter  for  a 
line  from  Crows  Nest  to  the  International 
Boundary.  The  proposed  extension  will  be 
about  50  miles  long  and  will  follow  the 
course  of  the  Flat  Head  River  from  the 
present  terminus  of  the  line.  E.  G.  Taber, 
Spokane,  Wash.,  is  Chief  Engineer  of  the 
Spokane   International    Ry. 

Edmonton,  Alta — It  is  understood  that  the 
Canadian  Northern  Ry.,  T.  Turnbull,  Assist- 
ant Chief  Engineer.  Winnipeg,  Man.,  has 
made  arrangements  with  the  provincial  gov- 
ernment for  the  construction  of  three 
branch  lines  in  Alberta.  These  include  the 
line  from  Edmonton  northwest  to  Fort  As- 
siniboine  on  the  Athabaska  River  and 
eventually  to  Peace  River  Crossing.  An- 
other line  is  projected  from  Strathcona  to 
Calgary  and  the  third  line  is  to  be  built 
from  a  point  near  the  eastern  boundary  near 
Edmonton  and  along  the  Saskatchewan 
River. 

Winnipeg,  Man.— The  Canadian  Pacifl.' 
Ry..  J.  E.  Schwitzer.  Assistant  Chief  En- 
gineer, Winnipeg,  Man.,  is  planning  to  build 
in  1909,  300  miles  of  additional  line  through- 
out west  Canada.  The  most  important  line 
will  be  the  one  through  Alberta,  parallel 
with  the  Crows  Nest  line  and  east  to  Cal- 
gary. For  these  extensions  $6,000,000  has 
been  set  aside.  The  company  is  also  plan- 
ning to  electrify  a  system  through  the 
mountains,  and  with  that  end  in  view, 
water  sites  for  power  plants  have  been 
purchased  in  many  places  through  British 
Columbia. 

Vancouver,  B.  C. — Final  surveys  have  been 
approved  and  over  one-half  of  the  right-of- 
way  secured  for  a  line  which  the  Great 
Northern  Ry.  proposes  to  build  in  the  earlv 
spring  from  the  Victoria.  Vancouver  & 
Eastern  Ry.  east  of  the  Cascade  south 
through  the  Okamagan  River  valley  to  We- 
natchee,  a  distance  of  about  160  miles.  The 
proposed  line  connecting  the  Canada  and 
American  portions  of  the  whole  of  the  sys- 
tem will  cost  about  $2,000,000.  A.  Stewart, 
Seattle,  Wash.,  is  Assistant  Chief  Engineer 
of  the   Great  Northern   Ry. 

Vera  Cruz,  Mexico. — The  Terminal  Com- 
pany of  Vera  Cruz  has  awarded  contracts 
for  terminal  construction  at  this  place  to  S. 
Pearson  &  Son,  Ltd.,  and  Compania  Ban- 
caria  de  Obras  y  Bienes  Raices,  of  Mexico 
City.  The  contract  of  S.  Pearson  &  Son  in- 
cludes the  erection  of  two  large  custom 
warehouses,  a  bonded  warehouse,  office  build- 
ings, round  houses  and  machine  shops  on 
the  Porfirio  Diaz  pier.  La  Compania  Ban- 
caria  will  build  a  large  union  depot  and  a 
reinforced  concrete  foot  bridge  370  meters  in 
length  to  span  the  railroad  yards,  tool 
houses,  coach  sheds  and  many  other  build- 
ings. The  terminal  company  itself  will  con- 
struct the  freight  yards  which  are  to  have 
an  approximate  trackage  of  fifty  kilometers. 
An  expenditure  of  $8,000,000  will  be  made 
for  the  work.  J.  W.  Richardson,  Chief  En- 
gineer of  the  Terminal  Company,  will  have 
direct  supervision  of  all  the  work.  S.  Pear- 
son &  Son  will  be  represented  on  the  work 
at  Vera  Cruz  by  D.  Coe,  and  the  Compania 
Bancaria  de  Obras  y  Bienes  Raices  will  be 
represented    by    Rafael    Arozarena. 

Electric  Railways. 

Items  Arranged  Alphabetically  by  States. 

Yellville,  Ark, — The  local  Commercial  Club 
has  appointed  a  committee,  of  which  W.  E. 
Layton  is  a  member,  to  secure  right-of-waj- 
through   the   city   for  an   electric   railway. 

Texarkana,  Ark. — A  movement  has  been 
started  here  to  build  an  interurban  line 
from  the  Texarkana  to  Sherman,  Tex.  W. 
F.  Little,  promoter  of  the  line  through  Cor- 
sicana  and  other  Texas  towns  is  behind  the 
movement. 

Claremont,  Cal — Citizens  are  raising  funds 
for  a  proposed  right-of-way  to  be  given  to 
a  branch  of  the  Pacific  Electric  Ry.  which 
plans  a  line  to  extend  from  Upland  to  Po- 
noma   through    Claremont   and   North   Pono- 
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nut.      A    bnincli    will    !•<'   <i|'>  luicU   In    ninncc- 
ilun  with  tha  Untarlu  il-  ikIji.s  1<>. 

Alturas,    Cal.— A.    P.    Cros.i.     I^.»    Anct-lm. 
.iiid    It.    h.    I*\iil|i   of   l^itt   Aim*'i.  ,s.    luiv."  a|>- 

I'll'  'I    I"    th'-    '  ■ "      -^^ •     •  ••:ill- 


pl    l>.-  .illil  -Ml!' 

\\  Ithlli   5  >  t.-urN 


uUl 


Th. 


i:i,l..r;..l.^ 


Eldorado    Sprinos,    Colo. 
Si.iiiiLjs   |{y.   L'.. 
.<!■  .•  r.     C.     \V.     ' 
p.  !H.r.     Colo..    :i  .        . 

•  -«i:iNtruct  un  clccUK  i.iil^s.t:.  tu*iu  liiv 
S|>rliiKii  up  the  iiioiiiituiii   sUI<    un  the  north. 

Montrose,  Colo.— Hi>st..ii    sc- 

ruriiiK    rlKht-tif-way    ft.»r  ■.  ay 

lo    truvtTse    tiK*    »*nllre    I'l  .-■>. 

as  w<*U  as  tlw  vall*-\'  uf  ii..  .s.-rii,  i  --i  k  of 
tlic  Gunnison.  The  line  will  run  south  from 
Monti-oS'-  tu  i>uiay.  l'uIu..  anj  norlli  to  ln-lta. 
continuing  up  ilit-  north  fork  of  the  Gun- 
nison. I'oma  ami  Motchltlss.  Tlio  Unv  will 
111-  al>out  'JO  iiillvs  lonp.  1.  N.  Pvpinr.  Mont- 
ros>'.  c^olo.,  is  inter*--stiM!. 

Waihlngton,  O.  C.  Tli'-  Washington,  Bal- 
tlnioii-    &    Annapolis    Kl.-.  trie    Co  .    a    sul.sijy 

•  •■■  ni-anv  of  tlio  Washington.  & 
.\iii  .ipoUs  Klectrlc  Ky.  Co..  1.  i  to 
<_'->imr»'SS  for  a  charter  to  Ia\  ..  .roin 
KMli  and  II  Sts.  to  the  District  lint.  George 
T.  Bishop.  F"mnk  H.  Uriinm  and  GeorKe  H. 
Crali;.  all  of  Cleveland.  O..  are  Interested. 

Wallace,  Idaho.— The  City  Council  has 
(minted  franchise  for  a  street  railway  In 
this  citv  to  the  promoters  of  the  Spokane. 
Ouer  d'Alene  lOlectric  Ry.  H.  .M.  Thatcher. 
Spokane,  Wash.;  A.  J.  Develln,  Wardner. 
Idaho,  and  H.  P.  Knight.  Couer  d'Alene.  Ida- 
ho,  are   interested. 

Canton,  III.— The  Illinois  Central  Electric 
R.  R.  is  planning  to  extend  its  line  to  Nor- 
ris  in  the  early  spring. 

Galesburg,  III. — The  People's  Traction  Co.. 
which  has  been  operating  a  line  between 
Galesburg  and  Abingdon,  is  stated  to  have 
completed  arrangements  for  the  extension  of 
Its  line  from  Galesburg  to  Galva. 

Sterling,     III Surveys    are    to    be    started 

-shortly  for  the  proposed  Un,;-  of  the  Trl-Clly 
Northeastern  Interurlian  Ky.  Co.  The  road 
Is  projected  to  rim  from  Watertown  to  Al- 
banv.  with  the  possibility  of  further  e.xtend- 
Ing  it  to  Morris  and  Sterling.  J.  W.  Crow- 
ley, President  of  the  People's  Construction 
Co..    Davenport,    la.,    is    interested. 

Anderson,  Ind.— The  City  Council  has 
granted  Wallace  B.  Campbell  a  2-year  exten- 
sion for  the  franchise  for  an  electric  Inler- 
urban  railroad,  which  he  propii.«es  to  build 
from  this  city  to  Noblesville  and  Lelianon. 

Burlington,  la. — Surveys  have  been  made 
for  the  ■.'0-mllc  line  of  the  Burlington-Bona- 
parte Iiiterurban  Ry.  Co..  of  which  J.  A. 
.Johnson.  Bonaparte.  la.,  is  President.  The 
road  is  to  extend  from  Burlington  to  Fort 
''i'dls(tn. 

Red  Oak,  la. — Surveys  for  the  proposed 
r.sid  of  the  Red  Oak  &  Southwestern  Inter- 
urban  Co.  have  been  compl''' d.  The  road, 
as  projected,  runs  from  Red  Oak  to  Des 
.Moines,  via  Cumberland,  (jreenfleld.  Red- 
held  and  .\del.  B.  Schrelner.  Des  .Moines, 
la.,  is  engineer.  The  road  will  he  about  4" 
miles  long. 

Ottumwa,     la -The    Intcrurban    Construc- 

i|..n  I'll,  has  been  formed  here  with  a  cap- 
ital stock  of  110.000.  Thi-  I'ompany  has  been 
formeil  for  the  puri.o.s,-  .,f  Mi:iklng  a  system 
of  surveys  to  asi  ertaln  the  best  route  for 
building  an  Interurlian  to  this  city.  T.  D. 
Koster  Is  President  and  W.  T.  Harper  Is 
.S'l  retary. 

Cherokee,  Kan.— The  .loplln-Plttsburg  Ry. 
Co..  J.  .1.  Helm.  President.  1st  National 
Bank  Bldg..  Kan-sas  City,  .Mo.,  has  been 
granted  a  franchise  for  the  construction  of 
an    electric    line    into   this   city. 

Lawrence,    Kan.— Albert    Rmii!  '    W. 

It.     Sullivan    of     Dayton.    «>.,    ar  a 

fnmehlse    here    for    putting    In     ■  'et 

railway  system. 

Kansaa  City,  Kan.— The  Kansas  City  & 
<  (lathe  Klectrli-  Ky.  Co.  has  been  granted  a 
franehlse  for  the  construction  of  an  electric 
railway  from  the  state  line  In  Graystone 
Countv  to  the  .lunotlon  CuK-lery  In  Wyan- 
dotte County.  The  pr..po^d  line  will  be 
7  miles  long.  The  companv  .il-o  has  a  fran- 
ehlsi'   lo  extend  Us  line  south. 

Hattiesburg.  Mitt.— The  Haltlesburg  Trac- 
tion Co  Is  stated  to  have  se<ured  neees.sary 
funds  for  the  completion  of  Its  ear  line  ond 
the  erection  of  its  power  plant.  Work  Is  to 
be  starteil  at  once.   It  Is  said. 

Springfield,  Mo.  -W.  11.  Sehrelber.  Kngl- 
neer.  has  eonipliMed  detailed  plans  for  the 
electric  railway  from  Sprlnglleld  to  NIxa. 
The  line,  as  planned,  will  be  about  IS  miles 
long. 

St.  Joseph,  Mo.— Project  for  the  Missouri 
Vall.v   Traction  Co.,   which  proposes  to  build 
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Greensboro.     N.    (. 
Public    Ser\|..-    1-. 
onil    .■..iitr,,n.  ,1    I. . 
hn\  < 
wit! 
bull.i ,.,^ 

and   Winston-Saiem. 

Akron.  O.  Tto-  N'orthi-m  Ohio  Tmctlnn  .t 
Ugl.'      • 

one' 

aixl 

Golden    City,    Mo 
tracklaylng.  etc. 
<;oldeli    Cllv     r.le.  (, 
.\prll.    It   is  said.      Tlo- 
porated    with    a    capital 
The    line    u  in    i...    ft.,i,, 
through     ! 
thage,    f; 

<?llmax    ^, 

City.       The    urst    ^•• 
constructed  will   !■• 

east     to     Stockton ... 

southeast  to  Carthage.       \S  .   s     !'■ 

son    Cltv.    .Mo..    Is    President.    J.      \ 

Golden    Cltv.    Mo..    (-    ■:■     •    '     m 

W.    S.    Hawkins.    T 

Engineer.       The   gi 

under    1    per  cent,   .mo  1..01 

curves.      There  will  be  i!  and 

some  smaller  ones,  also  -  ■  k- 

Media,    Pa Phil.. 

Traction    Co.    has 

certain    streets    in    i 

plans  to  make  Media  uiic  '^'f  Lhi.   leiuiina.li  uf 

Its    line. 

Waco,  Tex. — Franchl.se  haf  been  grante<I 
Max  Elser  an  associates  of  N.-w  York  to 
construct  and  openite  an  liilerurl»an  road 
through    certain    streets    In    this   city. 

Edmunton,  Alta.— The  local  street  railway 
compan.N'  is  planning  a  .'-mile  extension. 

Sewers. 

Items  .Arranged  Alphabetically  by  States. 

Imperial  Cal. — City  will  vote  un  Issuing 
$40,000  of  bonds  for  constructing  a  sewer 
system. 

Mountain  View,  Cal.-  <°iiv  lias  voted  a 
$40,000    bond    Issue    for  ;,-    sewers. 

Ocean     Park,     Cal. — A^  is    to    be 

held    to    vote      -  '"'  •"" no      '  - 

building    a    1.'  lion    to    t: 

breakwater    t"  f    the    clt> 

out   Into   the    o..   1:1 

Atlanta.  Ga. — The  City  Bond  Commission 
has  recommemied  a  bond  issii.  of  Jl  -.nn.ooo 
">f    this    sum    $700.00    Is    1  ..,000 

for  water  works  and    $n- 

Monroe,    Ga. — City    .seu.  .         ;■■   be 

Installed   here   soon. 

Newton,    III L«.>  L.    Harper,  C.   E.,   Beile- 

vllle.  111..  Is  preparing  plans  for  several 
miles  of  street  paving  and  sewerlfig  for  this 
city. 

Mollne,    III.     ' 
for  construclli  . 
the    Sixth     W.i!  ; 
cost   Is  $44,000. 

Anderson,    Ind City    Engineer   Downey    Is 

working    on     plan-"     for  "' " '' 

Brrtnch  lnt*t  a  sew.-i  »-k 
reinforce. 1  ron.  i-ei.  .«-\'. 
the    wi'e" 

Indianapolis,  Ind.— Charles  A  Brown,  As- 
sistant Cif,  i:ii^ii..er.  1=  pr.  raring  plnn' 
Ii,r  .'i  pill. 
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Washington.    Kan  ap- 
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Lexington,    Ky.      < 
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water    sewers. 

Salem,  Mass.— Mayor  Hurley  has  recom- 
mended that  n  sewer  - v- ■■.  '.••  i...lli  In 
the  Caslle    Hill    Plstrl.  I 

Taunton.     M.iit      Th--  I'm- 

ers    hav.  '    Ha.OOO 

for   colli-' 

North   Au.      -  ';f  ^J^ 

Gardener   Iihk    h-.  "UiiiieiiUud   u    »mall  appro- 
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Hartihorne.  Okla.  —  O'Nell  EgnlnecrlDC 
Co..  I>alUi».  Tex.,  lias  prepared  plans  for 
constructing    sewers    for    this    city,    to    coat 

f:."..ooo. 

York    .-  ■         -  ;,. 
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Binghampton,  Tenn                                            ,. 

held    K.'b.    11    to  vote                                               f 
bonds   for   Li-  '-   - 

Austin,     Tr-  :_, 

'  start ,".1  ."I   ni..  '.e 

»•■■■'                     .   Ill  -ill   patla   ul    the   city.      The 

cit  -.vstem    Is   owned    by   a    private 


Richmond.    Va 
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Water  Supply. 

It"  nis  .\rmnged  .Mpliabeticnily  by   States. 

Auburn,  Ala.  Water  works  svslem  of 
Alabama  Polytechnic  Institute.  Dr  Chas.  C 
Thttlch.     President.    Is    to    lie    extended    Into 
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Fla.— Plans      will      be      rrady 


Liberal,    Kan.— City    Is    c»nslderln|i    estab- 

IHhlne    miinl.-lpn!    tmter   works 
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Forest  City,  N.  C. — Steps  have  been  taken 
to  c;ill  an  fl<-ction  to  vote  on  issuing  $25,000 
of    Itonds    for    installing*    water    works. 

Grand  Island,  Neb. — City  Coinieil  has  de- 
cided to  enlarge  water  mains  in  business 
part   of   city. 

Wymore,     Neb Citizens     are      considering 

proposition  of  Markle  &  Huston  to  furnish 
pure  water  and  a  system  of  sewage  for 
that  city.  The  proposition  includes  the 
pumping  of  pure  water  into  a  reservoir  at 
a  certain   charge  per  gallon    to   the  city. 

Elmer,  N.  J. — Borough  Council  is  to  be 
petitioned  to  call  special  election  to  vote  on 
issuing   bonds   tor   installing   water   works. 

Newark,  N.  J The  American  Water  Sup- 
ply Co.  has  been  incorporated  with  a  cap- 
ital stock  of  $400,000.  The  incorporators 
include  Lawrence  W.  Luellen,  Hugh  Moore 
and   Austin   M.    Pinkliam. 

Clarington,  O. — City  Council  has  passed 
ordinances  granting  franchises  to  the  Clar- 
ington Water  &  Electric  Co.  to  put  in  a 
system  of  water  works. 

Collinwood  (P.  O.  Cleveland),  O. — Election 
will  be  held  Mar.  4  to  vote  on  issuing  $20,- 
000  of  bonds  for  extending  the  water  works. 

Hamilton,  O. — Ordinance  has  been  before 
Council  to  extend  city  water  mains  at  a 
cost    of    $10,000. 

Wooster,  O. — Board  Public  Service  is  con- 
sidering extending  water  mains  at  a  cost 
of    $2,000. 

McAlester,  Okla.— City  has  voted  to  issue 
$203,000  of  bonds  for  public  improvements. 
Of  this  amount  $20,000  is  for  water  exten- 
sions, $175,000  for  sewers  and  $8,000  for  jail. 
J.  M.  Gannaway  is  City  Clerk.  J.  Phelan 
is   City   Engineer. 

Binghamton,  Tenn — City  will  vote  Feb. 
11  on  issuing  $25,000  of  bonds  for  laying  wa- 
ter   and    sewer    mains. 

Childress,  Tex. — Plans  are  being  prepared 
by  J.  B.  Hawley,  C.  E.,  Fort  Worth.  Tex.. 
for  securing  new  water  supply  for  this  city. 

Dallas,  Tex. — The  City  Commission  will 
construct  a  36  or  42-in.  cast-iron  conduit. 
to  cost  about  $30,000,  to  replace  the  present 
wooden  conduit.  J.  M.  Bassett  is  Chief 
Engineer  of  water   works. 

Elgin,  Tex. — City  lias  voted  to  issue  $30,- 
000   of  bonds  for  building  water  works. 

Eagle  Lake,  Tex A.  H.  Koennecke,  pro- 
prietor of  the  ice  plant  of  this  city,  has 
■purchased  the  water  works  and  electric 
aight    plants. 

Granger,    Tex J.    Mitchell    Smith    of    Bel- 

:ton.  Tex.,  is  considering  installing  a  system 
LOf  water  works  at  a  cost  of  about  $10,000. 

Marlow,  Tex. — City  has  voted  to  expend 
$S.000   for   water  works. 


TRADE  NOTES. 

The  Massillon  Bridge  cSt  Structural  Co.. 
recently  incorporated  with  a  capital  stock 
of  $250,000,  has  purchased  the  bridge  plant 
at  Massillon,  O.,  and  will  manufacture 
bridges  and  steel  structures  of  all  classes. 
The  official  staff  of  the  company  is  as  fol- 
lows: H.  A.  Croxton,  President;  C.  S.  Da- 
vis. Vice-President  and  General  Manager; 
Miles  C.  Bland,  Chief  Engineer;  E.  Rice. 
Secretary  and  Treasurer;  C.  D.  Tost.  Asst. 
Secretary  and  Treasurer;  Robert  M.  Reay. 
Superintendent  of  Shops;  Robert  Sweed,  Su- 
perintendent of  Erection. 

Mr.  Croxton  is  President  of  the  Massillon 
Iron  &  Steel  Co..  and  is  identified  with  oth- 
er manufacturing  industries  at  Massillon. 
Mr.  Davis  was  12  years  Chief  Engineer  of 
the  Massillon  Bridge  Co.  and  three  years 
Chief  Engineer  of  the  Toledo-Massillon 
Bridge  Co.  Mr.  Bland  was  Contracting 
Manager  for  the  American  Bridge  Co.  at 
Cleveland  four  years,  and  Contracting  En- 
gineer for  the  Pittsburgh  Steel  Construc- 
tion Co.  for  one  vear.  Mr.  Rice  was  Plant 
Engineer  for  the  Massillon  Bridge  Co.,  12 
years,  and  Plant  Engineer  for  the  Toledo- 
Massillon  Bridge  Co.  three  years.  Mr.  Reay 
has  been  Superintendent  of  the  plant  at 
Massillon  for  30  years.  Mr.  Sweed  had 
charge  of  the  erection  work  for  the  Mas- 
sillon Bridge  Co.  26  years,  and  for  the  To- 
ledo-Massillon  Bridge  Co.  three  years. 

The  Zeman  Iron  Works  Co.  has  changed 
its  corporate  name  to  The  Cleveland  Iron 
Works  Co.  The  company  has  its  offices 
and  factory  at  6824  Union  Ave.,  Cleveland. 
O.  The  company  makes  a  specialty  of  struc- 
tural and  ornamental  iron  and  wire  work, 
and  also  manufactures  the  Owen  excavating 
bucket.  In  our  last  issue  the  original  name 
of  the  above  company  was  erroneously  given 
3.S  the  Leman  Iron  Works  Co. 

The  various  days  at  the  coming  cement 
show  of  the  Cement  Products  Exhibition 
Co ,  to  be  held  at  the  Coliseum,  Chicago, 
111     have  been  designated  as  follows:  Thurs- 


day evening.  Feb.  IS.  souvenir  night;  Fri- 
day, Feb.  19,  engineers'  day:  Saturday.  Feb. 
20,  architects'  da>';  Monday.  Feb.  22,  home 
builders'  day;  Tuesday.  Feb.  23.  contrac- 
tors' day;  Wednesday,  Feb.  24,  building  in- 
vestors'   day. 

The  Pittsburgh  Meter  Co.  has  moved  its 
Chicago   office    to    256   Madison    St. 

At  the  recent  annual  meeting  of  the 
American  Sewer  Pipe  Co.  in  Jersey  City 
the  retiring  board  of  directors  was  re- 
elected with  the  exception  of  O.  C.  Barber, 
retired,  who  was  succeeded  by  A.  S.  Mc- 
Combe.  Mr.  Barber  has  been  a  director 
since  the  organization  of  the  company,  but 
insisted  upon  being  relieved  this  year,  feel- 
ing that  he  desired  to  give  up  active  work 
as  far  as  possible.  The  board  organized 
by  electing  George  R.  Hill,  President;  John 
L.  Porter,  Vice-President;  W.  F.  Duns- 
paugh.  First  Vice-President,  and  A.  S.  Mc- 
Combe,  Secretary  and  Treasurer,  all  of 
whom,  with  the  addition  of  F.  B.  Theiss, 
were  elected  members  of  the  Executive 
Committee.  Thomas  D.  Brown,  who  has 
been  Secretary  and  Assistant  Treasurer 
since  the  organization  of  the  company, 
resigned  at  the  last  meeting  of  the  direc- 
tors to  engage  in  another  branch  of  the  clay 
business,   with  offices   in  Pittsburg. 

Warren  "Wood,  of  the  Wood  Drill  Works. 
Paterson.  N.  J.,  and  Robert  J.  Wood,  man- 
ager of  the  Chicago  branch,  will  leave  the 
United  States  on  Feb.  19th  for  a  three 
weeks'  visit  to  the  Panama  Canal  Zone  for 
the  purpose  of  inspecting  the  work  done  by 
"Wood"  Rock  Drills,  and  upon  their  return 
the  Wood  Drill  Works  will  publish  a  booklet 
containing  valuable  cost  data  and  compari- 
sons, with  some  interesting  views  along  the 
Canal. 


CONTENTS    OF    FEBRUARY   3,    ISSUE 
OF  ENGINEERING-CONTRACTING. 

Editorial  : 

How  "Concrete  Lumber"  has  Made 
Forest  Preservation  a  Farce 7fl 

Announcement  of  the  First  Meeting 
of  the  American  Society  of  Engin- 
eering  Contractors 79 

Is  It  Advisable  for  Engineers  to  Pub- 
lish Their  Estimates  of  the  Cost  of 

Projected  Work 80 

Concrete  Section  : 
The  Construction  and   Cost   of  Small 

Concrete    Houses 81 

A    Hammer    for    Finishing   Concrete 

Surfaces    81 

New    Reinforced    Concrete    Board    Mill 

of  the  Androscoggin   Pulp   Co 82 

The  Cost  of  Cement  Block  Walls 
Compared   with   the   Cost  of   Brick 

Walls 83 

A  New  Traction  Concrete  Mixer 85 

Methods    and    Cost    of    Constructing    a 
Reinforced        Concrete        Highway 

Bridge    86 

Earth  and  Rock  Section: 
Comments  on  the  Use  of  Wagons  in 

Transporting  Earth    87 

Loading     Blast    Holes     and    Driving 

Small    Drifts 88 

Roads  .\nd  Streets  Section  : 

Cost  Data  on  Pavement  Construction.  90 
Court  Decision  Regarding  Bitulithic 
Pavement  Patents    90 

W.-VTERWORKS   AND    SEWER    SECTION  ;  L 

Structural  Details  and  Methods  of 
Construction  of  the  Lawrence  Ave. 

Intake  Tunnel,  Chicago 93 

Bridges,  Buildings  and   Foundations: 

Methods  and  Cost  of  Constructing 
a  Plate  Girder  Bridge  with  Con- 
crete   Piers 95 

Cost  of  a  -SOO-ft.  Highway  Draw- 
bridge     97 

Material  for  a  Caisson 98 

General  Section  : 

Suggestions  for  Drawing  Specifica- 
tions  for  Engineering  Work 98 

A  10,000,000-lb.  Hydraulic  Compres- 
sion Testing  Machine 101 


THE 
HEW  YORK  GOHTININTAL  JEWELL 
■  FiLTRATION  COMPANY 

FILTERS 

Gerssral  Contractors 
CHICAGO  NEW  YORK 

Ifn    III  iiMiin 


THE  JOHNSON 

Well  Screen 

AH  sizes.    Brass.   Large  Capacity. 

Non-choking      Used  everywhere 

Write  fok  Booklet  "EC* 

E.  E.  JOHNSON,         St.  Paul,  AAinn. 


Nature  Adorned 

Laying  out  of  Parks,  Beautifying  Municipalities 
and  Country  Seats.  Tree  Planting  Tree  Diseases 
Treated.  Write  For  Particulars. 

F.    R.    MEIER.    Consulting    Forester 

1  Broadway.  NEW  YORK 


YOUNG  esoc^s 


lENOINEERINO  MINiNri'-ANT)  I 
SUH.VHXINO  INSTRUMENTS! 


PHILADELPHIA 


W.  <a  L.   E.  GURLEY 

TROY.  NEW  YORK 

Manutacturers  ot 

Civil     Engineers"   and    Surveyors' 

INSTRUMENTS 

CatalcEue  and   detailed   information  on  request 


Standard  Plansfor  Highway  Bridges 
of  Reinforced  Concrete 

These  plans  give  complete  details,  bills  of  material,  etc. 
anii  are  tree  Irom  patented  tcatures.  I  also  prepare 
special  plans  for  briilces  or  other  structures  at  reason- 
able rates  and  invite  correspondence  with  Contractors 
requiring  such  plans  for  competitive  bidding,  etc 
WILBUR     J.     WATSON.    Member    Am.    See.    C.    E. 

Expert  Designer  and  Inspector  of  Bridfies 
Citizens  Building  Cleveland  Ohio 


Get  Our  Prices 

And  Latest  Catalogues 

Before  Buying  Boolcs  On  Any 

Engineering  or  Contracting  Subject 

Write  us  To-day 

The  Myron  C.  Clark  Publishing  Go. 


355  Dearborn  Street 


CHICAGO.  iLL. 


Febniarv  lo,  IQCX). 


ENGINEERING-CONTRACTING 


25 


WATER-WORKS. 

Colfax.   III. 

Sealed  bids  will  be  received  up  to  7:30 
p.  m..  February  20.  1909,  nddn.-Mied  to  the 
Vlllaee  Clerk.  Colfax.  IIIIiioIh.  for  con- 
ntructlnK  a  syiitem  of  water-worka  In  ac- 
lorJuncc  with  the  plaiiR  and  Bpec-lfloatlona 
therefor.  Certified  check,  10  per  cent. 
F'ayment  will  be  made  In  "Water  Fund 
<'ertltlcate8."  Plana  and  speclllcatlonB 
may  be  neen  at  the  offloe  uf  the  ".Ameri- 
can Contactor."  or  Vlllafce  Hall,  Colfax. 
llllnolN,  or  ofDcu  of  J.  G.  Mellulsh,  Engi- 
neer,  BloomlnKton,  Illinois. 

The  Village  reserves  the  right  to  reject 
any  and  all  bids. 

W.  E.  GOUDY.  Mayor. 

J     L.    BARNES,  Clerk. 


STREET  IMPROVEMENTS. 

Waukpsha.  Wis. 
The  Board  of  Public  Works  of  Wau- 
kesha. Wis.,  win  receive  bids,  at  their 
office,  on  Friday,  February  26,  1909,  at  i; 
o'clock  p.  m.,  for  street  Improvement 
work,  consisting  approximately  of  10,000 
cu.  yds.  of  excavation,  1S,0U0  lineal  feet 
of  combination  curb  and  gutter  and  26,000 
sq.  yds.  of  macadam  with  tar  surfacing. 
Kstimaled  cost.  J40.000.  Plans  and  spccl- 
tlcations  on  file  at  office  of  the  Board. 
JOHN  P.  DEY,  Chairman. 

CONCRETE  SEWER. 

Ashtabula.  Ohio,  Jan.  20,  1909. 

Sealed  bids  will  be  received  by  the 
Board  of  Public  Service  of  the  city  of 
Ashtabula,  State  of  Ohio,  at  the  office  of 
said  Board  until  12  o'clock,  noon,  Tues- 
day, Feb.  16,  1909,  for  furnishing  the  nec- 
essary labor  and  materials  for  the  Im- 
provement of  West  St.  from  .\uger  Ave. 
to  Fred  St..  Fred  St.  from  West  St.  to 
Haskell  .\ve.,  Haskell  Ave.  from  Fred  St. 
to  Benefit  St.,  Benefit  St.  from  Haskell 
.\ve.  to  Prospect  St.,  Mills  St.  from  Ben- 
efit St.  to  Hope  St.,  Hope  St.  from  Mills 
St.  to  Prospect  St.,  by  constructing  a 
sewer  therein,  according  to  the  plans  and 
specifications  on  file  in  said  office.  The 
work  includes  approximately  1,372  lln.  ft. 
ri0"x2'9''  concrete  sewer,  3,020  lln.  ft.  of 
r8"x2'6"  concrete  sewer,  774  lln.  ft.  of  20" 
sewer,  2,154  lln.  ft.  of  15"  sewer.  1,790 
lln.  ft.  of  12"  sewer,  30  mnnholes,  and  all 
other  labor,  material,  branches  and  appur- 
tenances, as  shown  by  the  plans  and 
specifications,  or  required  by  said  im- 
provement. 

Bidders  are  required  to  use  the  printed 
forms  furnished  by  the  city,  which  can  be 
had  on  application  at  the  office  of  said 
Board,  and  are  directed  to  observe  the 
'Instructions  to  Bidders"  therein  con- 
tained. 

The  right  Is  reserved  to  reject  any  and 
all    bids. 

By  order  of  the  Board  of  Public  Serv- 
I'^e  A.  J.   RICHARDSON. 

Cl.-rk 


REPAIRING  DIKES.— U.  S.  Engineer 
Offlfp.  Savannah.  Ga.,  Feb.  4,  1909.— 
.*^.';il«-d  proposiils  for  raising  and  ri'paiiln^; 
dik.s  and  training  walls  In  ."<;iv,irinali 
Harbor.  Ga.,  will  he  rer.lv.-.l  .-ii  tlils  of- 
lli-.-  until  12  m.  (casi.-rn  sUindiird  llni.i. 
.March  '>.  1909.  and  lii'-n  |)ubllcly  opined. 
Information  on  a|>pll<  aii.oi  D.\.N  i" 
KI.NG.MAN.    Cnl.,    Eli>;i- 


I'lER  WORK.— U.  S.  Engineer  Office.  57 
l^irk  .Street,  Grand  Rapids,  .Mich.,  Feb.  3. 
19»9. — Sealed  proposals  for  furnishing 
stone  for  pier  filling  at  Si.  Joseph  and 
South  Haven  Harbors,  Michigan,  will  be 
received  here  until  3  p.  m..  .March  5.  1909. 
and  then  publicly  opened.  Information 
furnished  on  application.  .M.  B.  ADAMS, 
Cnl  ,   Engrs. 


COURT  HOUSE. 

Newton,  Iowa. 

Sealed  proposals  will  bo  received  by  the 
Board  of  Supervisors.  Newton,  Iowa,  un- 
til 2  o'clock  p.  m.  on  the  18th  day  of 
February,  1909,  for  the  erection  and  com- 
pletion of  a  three-story  Court  Hoi|.»  for 
Jasper  County,  plans  and  »] 
for  which  are  now  on  file  at  < 
the  County  Auditor.      PUu  -      •  .,,.  .. 

tlons    can    also    be    seen  .-c    of 

Proudfoot    &    Bird,      are!  .      ,  ,.    625 

Flynn  BIdg.,  Des  Moines,   Iowa. 

Bids  win  be  received  for  the  building 
complete,  including  heating,  plumbing  and 
electric    work. 

Certified  check  15,000;  bond  25  per  cent 
of  contract  price. 

The  right  Is  reserved  to  reject  any  or 
all   bids. 

1"U.\NK  .'■;i:i.I.MAN    c.iiptv  AH.Ii'r.r 


FOR    S.\L1-; 
Cyclopedia    of    Architecture, 
Carpentry   and   Buildinj; 

A.  S.  C.     10  handsome  vols.     Good  as  new.  used 

but  little.      Will  sell  for  $12.00. 

"AVOLK."  36*  Eiyt  Mth  Street.  CHlCAr.rt 


FOR  SALE 

No.  1  site  for  making  Port- 
land Cement  and  generating 
electricity  in  West  Virginia 
on  the  Potomac  river,  2,5U0 
water  horse  ]iower,  inex- 
haustible suj^jily  of  material 
of  the  finest  quality,  fine 
shipping  facilities,  railroad 
andC.i&O.  canal.  Ven,-  little 
cash  required  to  jnirchase 
this  valuable  j^roperty. 

W.  T.   TIPPETT, 

II  E.  Lexington  Street,  BALTIMORE,  MD. 


WANTED— 

you  to  kno  V  THH  ^■CLTEN  UNI- 
VCRSAL  CRUSHER  U  the  only 
machine  which  will  reduce  the  bard- 
est  ROCK  and  GRAVEL,  instan- 
taneously, (o  any  fineness  accorJinc 
to  your  wishes.  It  can  be  adjusted 
without  stopping  your  machinery;  is 
very  simple  in  construction)  less 
power  and  less  rcp.-Urs  ore  required 
for  maintainance  e.'^pcnsc,  and  the 
least  cost  of  any  ninchiiic  in  the 
market.  Prices  range  from  $30  up. 
Investigate  and  you  will  be  pleased 
AJdrc«»  the 
tJNTVBRS^U,  STONE  CRUSHER  CO  , 
Ccd.ir  Rapid*,  lov^ 


A  Complete  Course 
In   Architectural    Drawing 

includiii;;  n  Irr.  ncc  !il.r:iry,  •l.'-;iwing 
outfit,  etc.  Dnly  one  li-4v>n  taken. 
Will   sell    for  one-third    original   cost. 


lUK    SALE 

25  'ofis  irr^m-*  hir.-l  I?"  S5  :*^i 

B  e:  A  IVl  s 


60  It   leni 
wise  m  H' 


BEST  EXTENSfiLE  TRENCHIHG  BRACE  MADE 

KALAMAZOO.'!!::"^::'.: 
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CU.\TRACTUR.> 

because  of  goin);  out  of  business 

FOR  SALE 

In  good  condition 
40  Dump  Cars  I-yd.  24"  gauge 

•20      "  "  IJ-yd.  .36"     ■• 

(Koppcl's  .Make) 

'..000  feet  of   Portable   Track 


^0. 


.\t   Last — Nearly  Ready 

POCKET-BOOK 

I- 1  Ik 

CIVIL  ENGINLERS 


By 
Ai.HKRT  I.  PRVE.  M.  .Am.  Soc.C   K. 

A  FTER  a  lift-time  spent  in 
■'*■     niulatin);  niatena',  and  i 
I    iir  years  of  hard  grindin  ■  >• 
j'Uttihg  this  matter  in  sh.r 
liiMtirin,  \ve  art  happy  t<. 
.1    1  ■•!!■;  rr'uasive     aiid      u|^tt>-<latv 
|. .,;,'-!,. ,',;   for  civil  on?inc<*rs — not 


Uin    .,!:.. v.n    hiiji    l.y   hk.  own   vx|<c- 
rienee  as  .m  entjineer. 


on*    book    ihal    oo    ciril    enginear    nr 
tractor    can    alford    not    lo    hava.      ! 

■;■''    ■1-.'    -;     :..«lrrTl    ti\i;   rlikMI-.rvnux'    ■ 

r<lKc-«   w»injc    htinary   coixIcturU    ia*.u    uuc 
llcxible  liaihrr  pocket -Ixnk. 

I^rkc  anl>   S.t  ncf,  fwittpaiiJ. 

The  Myron  C.  Clark  Publishing  Co. 


l>-:i  l-mrK  Kuw.  .NKW  YOHK 
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List  of  Contractors*  Supplies. 


If  you  wish  catalogs  of  the  leading 
manufacturers  send  us  a  postal  card 
giving  your  address  and  business,  and 
the  list  numbers,  as  shown  below,  of 
articles  of  which  you  want  catalogs. 

This  will  save  you  the  trouble  of  writing  a  large 
number  of  letters.  Should  you  later  on  have  cor- 
respondence direct  with  the  manufacturers,  we 
shall  appreciate  it  if  you  will  state  in  your  let- 
ters that  you  are  indebted  to  this  paper  for  the 
introduction.  Such  a  statement  will  be  mutually 
beneficial. 


Air   compressors.    See 
94. 
2  Asbestos. 
4  Asphalt. 

6  Asphalt  plants 

7  Asphalt  tools. 

8  Augurs,   pneuiTiatic. 

10  Ballast  spreaders. 

12  Ballast    unloaders. 

13  Barrows,    concrete. 

14  Bearings,       ball      and 

rollei'. 
16  Bearings,   self-oiling. 

15  Bellows. 

Belt  convevors.  SeelOS 
2f)  Belt   dressing. 
22  Belting,   canvas. 
24  Belting,    chain. 
26  Belting,    leather. 

28  Belting,   rubber. 
Benders,   rail.   See   404 

29  Benders,      steel     rein- 

forcing rod. 

30  Blacksmiths'    tools. 

31  Blasting   batteries. 

32  Block     machines,     ce- 

ment and  concrete. 

33  Blocks,    tackle. 
Blowers.     See  180. 

34  Blast    hole    loaders. 

35  Bolts   and   nuts. 

36  Blue  print   machines. 
"37  Boots,    engineers'   and 

contractors'. 

38  Boilers. 

39  Boiler  covering. 
Bonds,    contractors' 

surety.    See   98. 

40  Brakes,  air. 

41  Bridge    railings. 

42  Brick,    building. 

44  Brick,  paving. 

45  Brick    machines. 

46  Bridges,    steel. 

4?  Bridges,    concrete. 

48  Buckets,   clam  shell. 

49  Buckets,    concrete. 

50  Buckets,    duniping. 

52  Buckets,  orange  peel. 

53  Brooms,   street  clean- 

ing. 


Cabinets,    filing. 

Calculating   machines. 

Cables.    See    430. 

Cableways. 

Caissons. 

Cars,   ballast. 

Cars,    coiicrete. 

Cars.    dump. 

Cars^  fl.it. 

Cars,  band. 

Cars,   mining. 

Carts.     See  also  520. 

Carts,    street,    hand. 

Carts,    concrete. 

Castings,    brass. 

Castings,  iron. 

Castings,  steel. 

Cement  block  ma- 
chines.    See  32. 

Cement  finishing  tools 

P'^ment    iiipe   molds. 

Cement  testing  ma- 
chines. 

Cement  walk  tools. 


84  Cement,   natural. 

86  Cement,    Portland. 

87  Centers  and  forms  for 

concrete. 

88  Chains,   common. 

90  Chains,   sprocket. 

91  Channelers. 
Cleaners,  flue.  See  189 

92  Clocks,   time. 

93  Chimneys. 

94  Compressors,  air. 

95  Conduit,      bituminous 

fiber. 
Concrete     reinforcing. 

See    474. 
Conduit,   vitrified.   See 

142. 

96  Concrete     fence     post 

molds. 

97  Computing  machines. 

98  Contractors'  bonds. 

99  Concrete  form  clamps. 
Concrete  form  holders 

See  195. 

100  Contractors'   supplies. 

101  Coal      handling      ma- 

chiner.v. 

102  Conveying  machinery. 

103  Conveyors,    belt. 

104  Cranes. 

106  Cranes,     locomotive. 
108  Cranes,     traveling. 
110  Creosoting. 
11 2  Crossings,    railway. 

114  Crushers,    rock. 

115  Culverts,    concrete. 

116  Culverts,  vitrified  pipe 

117  Culverts,    metal. 

118  Curbs,   street. 


119  Dams,    concrete. 

120  Derricks  and  fittings. 

121  Draftsmens'     supplies. 

122  Ditching    machinery. 

123  Dipper  teeth. 

124  Dredges. 

126  Drill   sharpeners. 

Drills,   air.     See  136. 
128  Drills,    core. 

130  Drills,   diamond. 

131  Drills,     electric. 

132  Drills,    pneumatic 

plug. 
134  Drills,    ratchet. 
136  Drills,    rock. 

138  Drills,   well. 

139  Dryers. 

140  Dynamite. 

Dust  layers.  See  419. 
142  Ducts,    vitrified. 

Dump  wagons.   See520 
144  Dynamos. 


Economizers,    fuel. 
See  198. 

150  Electric    machinery. 
Electric   motors.     See 
324. 

152  Elevators,   bucket. 

154  Engineers'     instru- 
ments. 

156  Engines. 

158  Engines,  gas. 

160  Engines,   gasoline. 

162  Engines,    hoisting. 

164  Engines,    steam. 


166  Engines,    traction. 

167  Expansion    bolts. 

168  Expanded   metal. 

169  Expanders,   tube. 

170  Exploders. 
172  Explosives. 

178  Feed    water   heaters. 

180  Fans  or  blowers. 

181  Filing  cases. 

182  Felt. 

183  Fillers    for    brick   and 

stone    pavement. 

184  Fence  and   railing. 

185  Firepruofing  materials. 

186  Filters,    water, 

187  Fireproof    doors,    par- 

titions, 

188  Flanges,    steel, 

189  Flue  cleaners. 

190  Flue   lining. 
192  Flush   tanks. 

194  Forges,     blacksmith. 

195  Forms      for      concrete 

work. 
Forms      and      centers. 
See  87. 

196  Frogs  and  switches, 
198  Fuel  ecftnomizers. 

Fuse,      See   170, 

204  Gas    machiner\-, 
206  Gages,    steam, 
208  Gages,  water, 
210  Garbage    furnaces, 
212  Gates    and    valves. 
214  Gears  and  pinions. 
216  Governors,    engine. 
218  Governors,    water 
wheel, 

220  Graders,   elevating, 

221  Grain     handling     ma- 

chinerv, 

222  Gaskets, 

223  Grinding      machinery, 
:^24  Grubbers, 

225  Grout   mixers  and   in- 
jectors, 

228  Hammers,   pneumatic. 
230  Hangers,  joist, 

232  Harness. 

233  Heating     and      venti- 

lating  machinery, 

234  Hoists,    air, 

236  Hoists,    chain,    differ- 
ential, 
>38  Hoists,    electric, 
240  Hoists,    gasoline, 
242  Hoists,    horse-whim. 
244  Hoists,    steam, 

246  Horse    feed-bags, 

247  Hose,    air  and   steam. 

248  Hose,    water, 

249  Hose  carts, 

250  Hvdrants. 

251  Hydraulic    machinery. 

258  Ice   and    refrigerating 
machinery. 

260  Injectors. 

261  Insulated    wire. 

262  Iron, 

264  Iroi^.   corrugated. 

266  Iron,    sheet, 

267  Insurance,   laborers'. 

270  .lacks,    hydraulic 
272  .Tacks,    screw, 
274  .lacks,    track, 

.Tacks,  trench.  See  502 
276  Judson  powder. 

278  Kilns, 

280  Laborers    supplied, 

281  Lamps,  acetylene. 
Lamps,      contractors'. 

See   286, 

282  Lamp  posts, 

283  Lamps,    electric. 

284  Lathe,    metal, 

285  Lead, 

286  Lights,  contractors'. 

287  Lead    furnaces. 

288  I,ime. 

289  Li,ghts,    vault. 

290  Locomotives  dinkey, 
292  Locoinotives,  electric 
294  Locomotives,  gasoline 
296  Tvocomotives,  geared. 

298  Locoinotives.    steam. 

299  Logging  outfits, 

300  Lubricants, 

302  Lumber,   creosoted. 

308  Machinery,    tile    mak- 
ing, 
310  Machine   tools. 


.■112  Manganese   steel. 

313  Mattocks. 

314  IManhole  covers. 

315  Metaline. 

316  Meters,    water. 

318  Mineral   wool. 

319  Mining  machinery. 

320  Mi.xers.    concrete. 
322  Motors,   compressed 

air. 
324  Motors,    electric. 
326  Motors,    water. 

330  Nickel   steel, 

332  Nuts    and    nut    locks. 

333  Office    appliances    and 

furniture. 
Oil,    See  419, 

334  Oilless   Bearings. 

336  Ore       handling       ma- 

chinery. 

337  Pavements. 

338  Paving   materials. 

339  Paving    tools. 

340  Packing. 

341  Painting    machines. 

342  Paints. 

343  Paving  blocks,  wood. 

344  Paving  blocks,   stone. 
Paving  bricks.  See  44. 

315  Paper,    building, 
346  Paper,     blueprint, 

drawing,    tracing. 
348  Picks, 
350  Pile    di'ivers, 

352  Pile    driver   jets. 

353  Pile    shoes   and   rings. 

354  Piles,    concrete. 
3."i6  Piles,    interlocking, 

steel, 

358  Piles,    creosoted. 

359  Pipe    fittings. 

360  Pipe  covering. 
362  Pipe,  cast  iron. 
364  Pipe,    cement. 

366  Pipe,    lead. 

367  Pipe,    reinforced    con- 

crete, 

368  Pipe,   riveted  steel. 

370  Pipe,    vitrified   sewer. 

371  Pipe,  wooden. 

372  Pipe,    wrought   iron. 

374  Pipe  cutting  machine. 

375  Pipe    tapping  ma- 

chines. 

376  Plows. 

Plows,    unloading    See 

12, 
Pneumatic  tools.    See 

8,    132.   416, 

379  Post    hole    diggers. 

380  Portable    railways. 

381  Pul\"erizers, 

382  Powder,    black. 

383  Prism    glass, 

384  Pullevs. 

385  Pumps,    air    lift. 

386  Pumps,    diaphragm, 

387  Pumps,    centrifugal. 

388  Pumi^s.    electric, 

389  Pumps,    contractors'. 

392  Pumps,     sand, 

393  Pumps,    sewage. 

394  Pumps,    steam. 

396  Pumps,    trench. 

397  Pumps,    windmill. 

398  Punches,     hydraulic. 

400  Quarry    bars, 

402  Quarry    machinery. 


404 
405 

406 
408 
410 
412 
413 
414 
415 

416 
417 

4!S 

422 
424 
425 
426 
427 
428 
430 


Rail    benders. 

Rail    joints    and    fas- 
tenings. 

Railroad   signals. 

Railways,    industrial. 

Rails,    new. 

Rails,    second    hand. 

Railway   track   layers. 

Rammers,    pneumatic. 

Recording   instru- 
ments. 

Riveters,    pneumatic. 

Road      dust     prevent- 
ives. 

Road   machinery. 

Rock  crushers,   Seell4 

Road  oil. 

Rollers,    horse. 

Rollers,    steam. 

Roofers'    supplies. 

Roofing. 

Rope   drive. 

Rope,    manila. 

Rope,    wire. 


Sand   pumps.   See  392. 

439  .S.awmill    machinery, 

440  Saw    mills,    portable. 

441  Scales. 

442  Scarifiers   for   macad- 

am, 
444  Scrapers,  drag. 

446  Scrapers,    road. 
Scrapers,    wheel.     See 

528, 

447  Scrapers,    street. 

448  Screens,   rotary. 

450  Second    hand    outfits, 
452  Sewage    disposal. 

Sewer  braces.  See  502 

454  Sewer  cleaners. 

455  Sewer   traps. 
Sewer  pipe.    See   370. 

457  Shafting. 

458  Sheaves. 

460  Sho.els.   hand. 

461  Skylights. 

462  Skips. 
464  Slate, 

466  Sprinklina-    carts. 

468  Standpipes. 

470  Steam    shovels. 

472  Steel,    structural, 

474  Steel     for    reinforcing 

concrete, 
476  Stone,    broken, 

478  Stone     dressing     ma- 

chines. 
Street    cleaning 

^rooms.    See   53, 
Street  carts.  See  71, 

479  Street     sweepers    and 

cleaners, 

480  Stump  pullers. 

481  Street    flushers. 
Street    scrapers.      See 

447. 

482  Switches. 

486  Tanks,  gas  and  oil, 
488  Tanks,   septic. 

490  Tanks,  water. 

491  Tai;es,    engineers'. 
Tapping    machines. 

See  375. 

492  Tar. 

493  Telegraph     and     tele- 

phone     line      equip- 
ment. 

494  Tents, 

495  Tie  plates, 
490  Ties,    steel. 

497  Tile,  drain. 

Tile    making    machin- 
ery. See  308. 

498  Tile,   partition. 

Tile,   roofing.    See   426, 

Tools,   contractors'. 
See   100, 

Time       keeping       de- 
vices.   See   92. 

Traction   engines.   See 
166, 

Track       laying       ma- 
chines.   See  413. 

499  Track    tools. 

500  Tracing   cloth. 
Tramways,  wire  rope. 

See  60, 

501  Track   materials,  rail- 

way. 

502  Trench    braces. 

504  Trench    machines. 

505  Tvirnbuckles. 

506  Turntables, 

507  Turbines     (water 

wheels). 

508  Turbines,     steam. 

509  Twisted  steel. 

510  Valves,    steam. 

512  Valves,    water. 

513  Vault    lights. 

514  Ventilators, 

515  Ventilating  appa- 

ratus. 


518 
520 
522 
524 
525 


526 
528 
529 
530 
531 
532 
534 


438  Sand  blast  apparatus.    538 


Wagon    loaders. 

Wagons,    dump. 

Waterproofing. 

Water    softeners. 

Waterworks  machin- 
erv  and  supplies. 

Well    drills.    See    138. 

Wheelbarrows. 

Wheel  scrapers. 

Wheels,    car. 

Windmills. 

Winches. 

W^ire  cloth. 

Wire   glass. 

Wire  rope.  -  See  430. 

Wood  block  pave- 
ment.    See  343, 

Wood   preservatives. 


The  above  is  only  a   part'at    list  of  tlie  headinsis   in   our  Card   Index.      No    matter  what  you   want,     TELL   US 
and    wo   w;!l    put   you    in    prompt   communication    with    the    leading    manufacturers,    dealers  or  contractors. 
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REFUSE  INCINERATION  PLANT. 

MUwnuki-.-.  Wl.H  ,  Jan  :"<.  \'j(yj 
Sfttli-il  propoKuIn  will  be  r.i-.-lvftl  at 
thin  oltlce  unlll  Wfdnosday.  Miinh  31. 
19IJV,  at  10:30  oVIoik  ii,  in.,  for  cunslrucl- 
Intt  imd  erecllriK  at  tin-  foot  of  Krie 
mrccl.  In  the  Third  Wurd  of  the  City  of 
Mllwuiikee,  n  refuse  Incineration  plant 
oiiiniilete.  with  all  iippurteniinceH  (ex- 
cept the  superstructure  of  the  bulldlnR 
and  the  clilrnin'V  atiove  the  foundations) 
aicordlni;  to  plans  and  spccinontlons  on 
tllf  In  t!ils  olHcc  and  al.io  on  tile  at  the 
ottlce  of  Ilorlni;  &  I'ullcr.  consulting  cn- 
Klnicr.s.    1?0   Uruadway,  New   York  City. 

The  bidder  must  examine  the  plans 
and  siieoincatlons  for  the  super.stnicture 
of  the  plant  and  for  the  chimney  (to  b« 
let  In  a  separate  contract)  and  agree 
that  these  are  sufflcUnt  for  and  will  In 
no  way  Interfere  with  the  fulfillment  of 
Ills  own  contract  and  guarantees. 

He  must  make  a  pcr.<iiinal  examination 
of  the  site  of  the  proposed  work  and 
must  also  make  such  Inyestlgatlons  as 
are  necessary  to  determine  the  combus- 
tible character  of  the  refuse  to  be 
burned,  as  now  collected  In  the  City  of 
.Milwaukee. 

Bidders  must  state  prices  as  set  forth 
and  directed  In  Section  1  B.  of  the  speci- 
catlons.  on  specially  printed  blanks  pre- 
pared for  the  purpose.  Each  bidder 
shall  also  prepare  and  submit  with  his 
proposal  the  drawings  and  statements 
enumerated  In  Section  1  B.  of  the  speci- 
fications. 

Work  to  be  completed  within  one  year 
from  the  date  of  the  award  of  the  con- 
tract, falling  in  which,  the  contractor 
shall  pay  to  the  City  of  Milwaukee,  as 
liquidated  damages,  the  sum  of  $500  per 
day  for  each  and  every  day's  delay  In 
completing    the    contract. 

Bonds  to  accompany  bids  required  in 
the  penal  sum  of  J30,000,  or  in  lieu  there- 
of, the  bidder  may  deposit  with  the 
Board  of  Public  Works  the  sum  of  J15.- 
000  In  money  or  certified  bank  check.  In 
case  a  bond  is  submitted,  it  must  be 
signed  by  local  bondsmen  or  by  a  surety 
company  qualilled  to  do  business  in  the 
State  of  Wisconsin. 

The  blank  form  of  the  bond  required, 
or  the  blank  form  for  submitting  money 
or  check  in  lieu  of  the  bond,  will  be 
furnished  on  application. 

All  moneys  deposited  will  be  returned 
to  unsuccessful  bidders  on  award  of  con- 
tract to  and  successful  bidder  when  the 
contract  is  entered  into. 

The  successful  bidder  will  be  required 
to  enter  into  contract  immediately  after 
notilication,  with  a  bond  for  the  per- 
formance of  the  work  in  a  penal  sum 
equal  to  the  full  amount  of  the  bid  for 
furnishing  and  erecting  the  plant. 

Contractors  desiring  copies  of  the  plans 
and  specifications  for  their  own  use  win 
secure  the  same  from  Hering  &  Fuller, 
consulting  Engineers,  170  Broadway.  New 
V'ork  City,  on  receipt  of  Jl.i.  as  a  guar- 
antee for  the  safe  return  of  said  plans 
and  specifications. 

The  Board  of  Public  Works  reserves 
the  right  to  reject  any  or  all  bids. 

CHAHI.KS    J.    POETSCH. 
J.   P.    SlllCRER. 
L.    A.    JANSKN, 
A.    J.   GRUND.MAN. 
Commissioners  of   Public  Works. 
AUGUST  .M.  CAWIN.  Comptroller. 

I'lKit    woitK    --    r.    .s.    i:N<;i.N'Ei-:it 

Otitcr.  57  Park  St..  fjnmd  ftaplds.  .Mich  . 
Jan.  IS.  1909.  —  Sealed  prt»i»osaIs  for  repjilr 
of  south  pier  at  Frankfort,  .Mich.,  will 
be  received  here  until  3  p.  m..  Feb.  16. 
1909,  and  then  publicly  opened.  Infor- 
mation on  application.  M.  B.  Adams. 
Ciil  .     Knirr.s. 


FILTRATION   PLANT. 

I^H  k    |.,|,uhI.    Ill 

Seult-d  prupoKals  will  l>e  rec.-lv.d  fiir  the 
construction  of  a  coinplilc  .Mrchunlcul 
Filtration  Pliint  for  the  City  of  Rock 
Island.  Illinois,  In  accordance  with  th'' 
plans  and  specllleullonB  on  file  In  the  of 
llie  of  the  City  Clerk  on  or  before  H  p.  ni  . 
.March  1,  1909. 

Detail  plans  and  specincatlons  muil  be 
furnished  by  the  bidder.  Bidders  will 
comply  with  the  general  requlr<'menls  of 
the  sperlllcatliins,  but  shall  use  their  own 
detailed  designs  for  equipment  to  be  fur- 
nished, complete  details  of  which  must  be 
submitted  with  bid. 

Bidders  must  give  evidence  of  their 
ability  and  experience  in  the  construc- 
tion of  nitration  plants  and  no  bids  will  be 
entertained  from  parties  not  experienced 
In  filter  construction  or  unable  to  refer  to 
plants  In  actual  operation. 

A  certilled  check  for  10  per  cent  of  the 
bid  must  accompany  each  bid.  made  pay- 
able to  the  City  Treasurer  of  Rock 
Island  and  to  be  forfeited  to  the  City  of 
Rock  Island  In  the  event  of  failure  tn 
enter  into  contract  and  give  acceptable 
bond  in  the  event  of  receiving  award  of 
contract. 

Copies  of  plans  and  specifications  ma.\ 
ho  obtained  from  the  City  Clerk  on  re- 
ceipt of  deposit  of  $50  for  each  set. 

Bids  must  be  made  on  the  form  of  pro- 
posal furnished  by  the  city  arid  enclosed 
In  a  sealed  envelope  addressed  to  th-- 
Mayor  and  Council  of  Rock  Island,  Illi- 
nois, and  have  endorsed  on  one  end  tlie 
name  and  address  of  bidders. 

The  city  reserves  the  right  to  reject 
any  or  all  bids  or  accept  that  which  may 
be  deemed  for  the  best  interests  of  the 
city. 

M.   T.  RUDGREN.  City  Clerk. 


SEWAGE  DISPOSAL  WORKS. 

Kini^s  I'aik.  N.  V, 
Sealed  proposals  for  Sewerage  an.  I 
Sewage  Dlspos-il  Works,  and  Alteration? 
to  Plumbing.  Wards  41.  42.  4."!.  44,  47,  48 
and  49.  Plumbing  and  Construction,  at  the 
Kings  Park  State  Hospital.  Kings  Park 
N.  Y..  will  be  received  by  the  State  Com 
ml.sslon  in  Lunacy  at  the  Capitol.  Albany. 
N.  Y.,  up  to  3  o'clock  p.  m.,  on  Februar.v 
24,  1909.  when  they  will  be  opened  and 
read  publicly. 

Proposals  shall  b*?  accompanied  by  ci-r- 
tifled  checks  In  the  sum  of  $2,000  for  sew- 
erage and  sewage  disposal  works;  $50" 
for  alterations  to  plumbing,  and  the  con- 
tractors to  whom  the  awards  are  mad' 
will  be  required  to  furnish  surety  com- 
pany's bonds  In  the  sum  of  $20,000  for 
sewerage  and  sewage  dispuwil  works,  antl 
$3,000  for  alterations  to  plumbing.  Th<- 
right  is  reserved  to  reject  any  and  all 
bids. 

Drawings  and  speollloalloiis  may  I"- 
consulled  and  blank  forms  of  proiMisal 
obtained  at  the  Kings  Park  State  Hos- 
pital. Kings  Park,  N.  Y.,  also  at  the  of- 
fice of  the  State  Commission  In  Lunacy. 
No.  I  .Madison  avenue.  Room  No.  5212. 
New  York  City,  and  at  the  oOlce  of  the 
Stale  Architect.  Complete  sets  of  plans 
and  speclflcatlona  will  be  furnished  lo 
prospective  blilders  ui>on  reasonable  no- 
tice to  and  in  the  dl.Mcr»-tl*»ii  of  the  Sliil<' 
.Architect,  Franklin  II.  Ware.  Albany. 
N.  Y. 
Albany,  N.  Y.,  Feb.  I.  1909. 

T.  E.  .McCARR. 

.^..,-I,.llirv    .mill,.    1 '.,tntiilM.i|,,fi    til     I. mill,  v 


Tables  of  5  Place  Logarithms 
and  5  Place  Squares 

(N  I  <M,  liKim  aad  S2dt  at  lachca  tnm  o  • 

.\lv)  Tal.li  ..  1  l^virilhliiit  S.iai,l». 
aii-l  L.  gurithniic  Function*,  r: 

The    ONLY     BOOK    That 
Gives  Those  Values  to   lOO  Foot 

lU   III  I).   It.   INSKII' 

HcliUlr  l.-alliir.  «..:.  in.  .  .-r^insr..  |i  ,yj  riri  i.«ii...,4 

llir.  MVHOV  C.  CI^UK  I'lllLISMIMI  i^.i 
I^^  [KurlH.rii  Nirrcl.  i.liica2tj,  ||| 


RAILROAD    LOCATION 

A   ColleKe    Text   Book 


ll-l    . 

•■\I"  r,-ii.  ■■  i::  :a..ii>-i.l  -■.!  :h 

LitHh.  b\t  tnchc«:    270  p»t.t»:   7J  "^inlrailofM;    10 
lolJiax  plain;  price  SJ-OO  nrl.  poMpaid 

The    Myron  C.  CUrk    Publishing  Co. 

tV.  I».-ari.-.rn  Struct.  t'IIICAiJ*>.   ILL. 
li-:i   TirK  Ki.w.  NKW  YOUK 


Books  on  Concrete 

THE  MYRON  C.  CLARK  PUBLISHING  CO. 

ALL   PRICKS  .\ET   FuSTPAlU 

REID — "Concrete  and  Reinforced 
Concrete   Construction."      .A 

trc.itisc  of    '.MHi  ]iM>;cs  .inil  71") 
illustrations,  70  tables S5.00 

GILl.ETrE  and  ///i./.— "Con- 
crete Construction — .Metho<i.s 
and  Cost."  .\  bixik  iirirnanly 
lor  the  concrete  contractor. 
7(K)  piiges.  .lot)  illustnitions.  .  .    .S.OO 

FALK — "Cements,  >\<)r(ars  and 
Concretes  --  I  heir  I'hjsical 
Properties."  .\  liook  liili  i-! 
■  l.it.i  I'f  tests  of  cements,  mor- 
tars and  concretes.    181  J^i^e'^    2.50 

T\)'LOI< —    'Practical    Cement 

Testing."     .\  '   -      •   •  •• 

:;ii)cer  in  the  !■ 

.iiiO  I>.iKCs,    1  l_  ;  no 

Kijr/7:/v'/M///.  —  "Theor>     and 
Design  of  Keinforccil  Concrete 
A  re  lies."     A  IxxjIc  : 
I  njlinccrs       and 
students.       i:5'J   iia).;c. J. (Ml 

."l/crr/./.Oro//— "Reinforced 
Concrete."  A  manual  of  dc- 
si^;n  .iiul  lonstruction  for  both 
iiiinriti-  and  cen- 
tral turs  1.50 

///•://'/•  \7\'/;(  .■;  ••I.njjlncers' 
PiK'kethook  of  Reinforced 
Concrete  "   \  '  — 'k  I  ,  ■  •    • 

the 
alR- 

.'{111   [..iVH  1   nMhic  ie.ilhel  .J.tM» 

IN  PREPARATION-Masrly  Naadt 

DOlHih'. — "ninitrnins     for      DcsiKiiiiiK 
Reinforced   Concrete  Structures." 

Wmn  For  Ouk  Catalooi 

THE  MYRON  C.  CLARK  PUBLISHING  CO. 

.t.'i.i  l)c,»."l"'rn  Mrcct,  Ltiic.igo,  Jl!. 
1113  t'jirlt  Row.  .New  York 
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ISZARD= WARREN  CO.,  Inc. 

1122  Vine  Street 

Philadelphia,  Pa., 

January  14,  1909 

Engineering-contracting,   ^ 
Chicago,  111. 

Dear  Sirs:  — 

We  take  this  opportunity 
of  expressing  our  extreme 
satisfaction  with  the  results 
obtained  from  our  advertise- 
ment in  "Engineering- 
Contracting.  " 

Not  only  have  we  received 
inquiries,  resulting  in 
orders,  covering  a  large  area, 
but  your  paper  was  the  direct 
result  of  our  securing  an 
order  from  Mexico  for  a  com- 
plete Engineering  Equipment. 
Very  truly  yours, 

ISZARD-WARREN  Co. ,  INC. 


Winchester 

Granite  Brick  Co. 

w 

inchester ,  Ky . , 

Jan.  16,  1909 

Engineering- 

Contracting , 

Chicag 

0,  111. 

Dear  Sirs  :  — 

Please 

change  my  address 

to  the  above 

I  have  just 

secured  what 

may  prove  an 

excellent  pi 

ace,  as  a  result 

of  my  "WANT" 

in  your  paper. 

I  had  also  several  other  good   1 

prospects . 

Your  paper  gets 

results. 

irs  truly. 

Yoi 

H.  B.  POPE,  E.  M. 

Wemlinger  Steel  Piling  Co. 


New  York,  Jan.  28,  1909. 


Engineering -Contracting, 
Chicago 


Gentlemen :— We  carried  the  same  advertisement  in  six  of 
the  leading  engineering  papers,  using  a  different  street 
address  in  each.   We  can  state  as  an  absolute  fact  that  the 
"Engineering-Contracting"  brought  us  more  returns  than  all 
of  the  other  papers  combined.   You  have  the  best  advertising 
medium  for  actual  results  that  we  have  ever  used.   Your 
readers  seem  to  be  exclusively  contractors  and  engineers 
who  are  engaged  in  actual  work  and  these  are  the  people  we 
wish  to  reach  with  our  advertising. 
Very  truly  yours, 

WEMLINGER  STEEL  PILING  COMPANY, 

J.  R.  Wemlinger,  President. 
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A  Wctkly  "Mcthoil^  ami  ('..^t  '  J.mrtml 
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THE  MYRON  C.  CLARK   PlBLISHlXi  CO. 

355  Dcarbum  Sirccl.  Chkago 

Tel«pboDe  Harrinun  6198 
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A.  U.  (.IILUERT     ....     AnvBRTisiNG  Masac.er 
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Why  Congress    Should    Send  a  Com- 
mittee to  Panama  to  Investigate 
the   Enormous    Cost  Under 
Government    Day  Labor 
Forces. 

The  visit  of  Mr.  Talt  with  a  commis- 
sion of  seven  engineers  to  Panama,  and 
the  debates  in  Congress,  have  served  to 
focus  attention  upon  the  enormously 
high  cost  of  the  work  as  it  is  now  beinK 
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done.  Curmuily  eiiougb,  Cxnurcss  .ip- 
pears  not  as  yet  to  understand  the  un- 
derlying reason  lor  the  great  cost  of  ex- 
cavation at  Panama.  Nuw  that  it  is  con- 
ceded that  the  actual  cost  of  the  lock 
type  of  canal  will  exceed  the  original  es- 
timate of  the  cost  of  a  sea  level  canal, 
certain  members  of  Congress  are  de- 
manding that  a  sea  level  canal  be  built. 
.•\pparently  they  reason  that  it  is  the 
locks  that  are  adding  to  the  cost,  or  that 
in  some  mysterious  way  the  high  level 
canal  has  developed  a  high  cost  that 
would  not  occur  in  a  sea  level  canal. 

The  facts  arc,  however,  that  a  sea 
level  canal  built  at  the  present  cost  per 
cubic  yard  of  excavation  would  run  up 
to  some  $400,000,000  or  more.  Congress- 
men have  yet  to  appreciate  that  it  is 
costing  more  per  cubic  yard  to  excavate 
i-arlh  on  the  Panama  Canal  than  it  is  cost- 
ing to  excavate  the  hardest  of  rock  on  the 
Bar^e  Canal  in  New  York  state.  When 
they  do  realize  this  fact,  perhaps  they 
will  wake  up  to  the  necessity  of  sending 
;i  congressional  committee  to  investigate 
not  the  type  of  canal  but  the  reasons  for 
the  outrageously  high  cost  per  cubic 
\ard  of  excavation  at  Panatha. 

Of  course  such  a  committee  will  be 
told  all  about  the  "great  differences  in 
conditions"  at  Panama  and  in  New  York 
^tate,  but  we  wish  to  point  out  in  ad- 
vance the  one  real  difference — the  work 
at  Panama  is  being  done  by  government 
day  labor  forces,  while  the  work  on  the 
Barge  Canal  is  being  done  by  contract 
at  fixed  unit  prices.  The  story  of  nearly 
all  the  difference  in  cost  of  excavation 
on  these  two  enormous  canal  jobs  is 
told  in  the  difference  of  policy  of  doing 
the  work. 

Never  in  the  history  of  .Xinerica  has 
Kovernment  day  labor  work  been  effi- 
cient on  large  public  works  construction, 
and  the  Panama  Canal  is  proving  this 
fieneralization  with  a  vengeance. 

The  engineers  who  made  the  original 
estimate  of  the  cost  of  the  Panama  Ca- 
nal are  now  being  condemned  for  their 
grossly  inadequate  estimate,  but  the  fact 
is  that  those  engineers  had  been  as- 
sured by  many  large  contractors  that 
the  unit  prices  for  excavation,  etc.,  upon 
which  their  estimates  were  based,  were 
too  high  rather  than  too  low.  Those  en- 
gineers certainly  never  dreamed  that  the 
government  would  attempt  to  do  the 
work  with  its  own  forces,  instead  of  by 
contract,  else  they  would  have  been 
iiiols  to  have  submitted  any  estimate  at 
ill.  In  their  report  they  used  the  most 
emphatic  language  in  asserting  that 
their  estimate  was  exceedingly  liberal, 
as  indeed  it  was,  had  contracts  been  let 
at  competitive  prices  to  the  lowest  re- 
s])onsible  bidder. 

No  sooner,  however,  had  the  work  be- 
gun than  the  chief  engineer  decided  to 
win  all  the  glory  of  doing  the  work 
without    the    assistance    of    any    of    the 


iiktiratcU  Contracting  lirm>,  like  .Mac 
.\rihur  Bros.,  Winston  &  Co..  J  G. 
White  &  Co  ,  W  J.  Oliver,  the  Atlantic, 
Gulf  and  Pacific  Co.,  and  others  that 
have  done  great  excavation  works.  No, 
the  chief  engineer  would  "save  the  con- 
tractor's profits"  and  incidentally  reap 
all  the  glory.  One  chief  engineer  has 
followed  another — not  one  of  whom 
was  ever  a  contractor  or  a  contract- 
or's engineer — and  the  "contractor's  pr.>f- 
its  have  been  saved"  until  the  gov- 
ernment is  fairly  reeking  with  money 
thus  sweated  out  of  its  hard  working  la- 
borers on  the  isthmus. 

They  are  "hard  working,"  for  Mr 
Roosevelt  found  them  so  two  years  ago, 
and  Mr.  Taft  found  them  so  again  the 
other  day,  and  of  course  they  must  have 
been  working  hard  all  the  time  between, 
because  the  officials  in  charge  say  so. 
.Mr.  Taft  saw  evidences  of  "great  ener- 
gy" all  along  the  line — enough  probably 
to  last  until  some  one  else  makes  an- 
other visit  from  Washington  a  year 
hence. 

But,  energy  or  no  energy,  the  cost  per 
cubic  yard  mounts  higher  each  year,  al- 
though it  started  at  what  seemed  to  be  a 
peak  load  originally. 

Congress  should  send  not  only  a  com- 
mittee to  Panama,  but  it  should  send 
also  a  number  of  engineers  and  contrac- 
tors who  are  recognized  authorities  in 
construction  economics.  In  no  other 
way  will  the  full  folly  of  doing  this  canal 
work  by  day  labor  forces  be  made  clear  to 
the  public. 

In  its  issue  of  Dec.  2  Engineering- 
Contracting  gave  an  analysis  of  the 
costs  of  construction  at  Panama,  which 
was  the  first  published  demonstration  of 
the  fact  that  the  Panama  Canal  is  cer- 
tain to  cost  50  to  100  per  cent  more  than 
the  original  estimate,  if  the  present  day 
labor  method  of  doing  the  work  is  per- 
sisted in.  Now  we  arc  beginning  to  be 
told  that  it  was  known  years  ago  by  the 
canal  engineers  that  the  original  esti- 
mate was  inadequate.  If  .>o.  uhy  in  the 
name  of  common  sense  was  that  fact 
not  made  public  in  their  annual  re- 
ports? Instead  the  reports  have  held 
out  the  hope  that  unit  costs  of  excava- 
tion would  be  "lower  next  year."  and 
the  records  of  cost  have  been  so  pub- 
lished as  to  make  it  very  difficult  for 
any  one  but  an  expert  to  tell  what  the 
ultimate  cost  of  the  canal  would  proba- 
bly be 

We  take  some  satisfaction  in  knowing 
that  the  correctness  of  our  analysis 
(Dec.  2,  1908.  page  365)  has  been  ad- 
mitted, for  now  the  period  of  pipe 
dreams  about  the  cost  of  the  canal  is 
past,  and  the  public  can  see,  what  every 
experienced  engineer  has  predicted,  that 
the  attempt  to  build  the  Panama  Canal 
by  day  labor  instead  of  by  contract  will 
end  in  a  financial  loss  to  America  that 
will  prove  astounding. 
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Construction    Economics  in  Concrete 
and  Re-inforced  Concrete. 

Construction  economics  have  occupied  a 
prominent  place  during  the  last  twelve 
months  in  the  study  of  concrete  and  rein- 
forced concrete.  We  believe  this  to  be  the 
most  important  feature  in  the  year's  devel- 
opment of  our  knowledge  of  these  two  ma- 
terials of  construction.  In  putting  forward 
this  opinion  we  do  not  forget  the  studies 
of  the  year  that  have  advanced  the  science 
of  designing  in  concrete,  nor  do  we  pur- 
pose to  detract  one  iota  from  their  value 
and  interest.  The  opinion  is  based  on  what 
we  believe  is  the  fundamental  fact  that  the 
success  of  concrete  as  a  structural  material 
depends  more  on  the  practical  ability  of  the 
builder  than  it  does  upon  the  technical  skill 
of  the  designer.  The  two  qualities  should 
of  course  go  hand  in  hand  to  get  the  very 
best  that  is  to  be  got  out  of  the  material, 
but  if  either  has  to  be  made  secondary  we 
may  better  sacrifice  nicety  of  design  than 
construction  skill  and  ability. 

It  is  an  axiom  of  concrete  work  that  no 
degree  of  excellence  in  design  can  make 
up  for  incompetent,  careless  or  ignorant 
work  in  construction.  The  reasons  for  this 
truth  have  been  stated  so  often  that  they 
are  known  to  everybody.  Good  con- 
crete work  can  be  obtained  only  by  good 
work  in  construction.  To  compete  with  the 
older  building  materials  not  only  is  good 
work  in  concrete  necessary  but  concrete 
work  that  is  as  cheap  as  or  cheaper  than 
cut  stone,  brick,  tile,  steel  and  timber  con- 
struction. The  fact  that  concrete  is  highly 
fireproof,  that  it  grows  harder  and  stronger 
with  age,  and,  therefore,  cuts  maintenance 
charges  to  the  minimum,  and  each  of  the 
half-dozen  other  advantages  claimed  for 
concrete  has  played  a  part  in  advancing  the 
progress  of  concrete  construction  in  public 
favor,  but  all  of  these  facts  together  would 
not  have  put  concrete  in  its  present  stag^ 
of  popularity  had  it  not  been  able  to  com- 
pete in  cheapness  with  the  product  of  the 
steel  mill,  the  forest  and  the  brick  yard. 

Continued  success  in  concrete  construc- 
tion must  come  not  alone  from  good  con- 
crete work  but  from  good  concrete  work 
done  cheaply,  and  it  is  to  this  pre-eminent 
fact  that  recent  studies  in  the  economics 
of  concrete  construction  owe  their  impor- 
tance. Let  us  observe  further  here  that  the 
significant  value  of  these  studies  does  not 
rest  wholly  in  the  specific  data  made 
known :  the  state  of  mind  indicated,  the 
general  disposition  to  give  construction 
economics  place  and  consideration,  is  ex- 
ceedingly valuable  in  possibilities.  It  is 
not  so  important  that  a  number  of  concrete 
constructors  have  spread  before  us  their 
methods  of  doing  work  and  its  cost,  as  it 
is  that  concrete  constructors  everywhere 
are  enthusiastically  in  mind  to  study  these 
questions. 

There  is  today  greater  opportunity  for 
and  wider  value  in  investigations  in  the 
field  of  construction  economics  than  in  any 
other  field  of  concrete  work. 


Concrete  and  Reinforced  Concrete  Section 


Note: — This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  cover  the  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mixing,  transportation  and  placing;  fabrication  and  placing  of  reinforcement, 
and  form  construction  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


Reinforced  Concrete  Stock  Pen  Con- 
struction for  the  Union  Stock  Yards 
&  Transit  Co.,  Chicago.  111. 

The  most  notable  Undertaking  in  piece 
construction  in  reinforced  concrete  in  the 
United  States  is  the  rebuilding  of  the 
wooden  structures  of  the  Union  Stock 
Yards  &  Transit  Co.  These  structures 
comprise  platforms,  pens,  runways,  trestles, 
bridges,  buildings  and  minor  utilities.  They 
are  being  replaced  gradually  by  plain  and 
reinforced  concrete,  such  work  being 
planned  for  each  year  as  the  company  feels 


bridge  work  and  building  work.  The  dis- 
tinctive feature  of  all  classes  of  work  is  the 
piece  construction,  according  to  a  system 
devised  by  Mr.  Pierre  Holmberg,  Chief 
Engineer.  The  characteristics  of  the  sys- 
tem itself  are  best  explained  in  another 
connection,  but  the  purposes  of  piece  con- 
struction in  general  can  be  set  down  at 
once.  It  is  believed  that  it  has  been  dem- 
onstrated that  piece  construction  costs  less 
for  the  classes  of  structures  for  which  it 
is  being  used  than  would  monolithic  con- 
crete. Further  it  adapts  itself  better  than 
would  monolithic  construction  to  the  condi- 
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Fig.    1 — Plan    of    Reinforced    Concrete    Stock    Pen    and    Platform. 


able  to  undertake,  but  the  whole  work  to 
be  tinished  within  the  next  four  or  five 
years.  The  main  objects  sought  are  perma- 
nence and  reduction  of  maintenance  ex- 
penses, freedom  from  fire  hazards,  and  bet- 
ter sanitary  conditions.  The  great  novelty 
of  the  work  is  that  it  is  almost  entirely 
piece  construction ;  that  is,  the  members 
composing  the  various  structures  are 
molded  separately  and  then  erected  in  place 
just  as  would  be  corresponding  steel  or 
timber  members. 

In  this  article  we  give  some  details  of 
the  new  platform  and  pen  construction ;  in 
future  issues  we  expect  to  give  details  of 


tions,  which  are  the  necessity  of  replacing 
piecemeal  timber  structures  now  in  use.  In 
addition  there  is  the  advantage  belonging 
to  all  piece  work  as  compared  with  mono- 
lithic concrete,  that  the  accuracy  of  fabri- 
cation and  the  soundness  of  each  member 
is  know-n  before  it  is  put  in  place  in  the 
structure. 

The  new  concrete  pen  construction  can 
best  be  explained  by  the  plans  Figs.  1,  2 
and  .3.  Referring  to  the  plan  Fig.  1,  it  will 
be  seen  that  the  pens  are  arranged  side  by 
side  along  an  unloading  platform  with 
which  each  pen  is  connected  by  an  inclined 
run.     The  platform,  the  retaining  walls  and 
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the  fences  for  the  pens  arc  all  concrete. 
I"in.  '2  is  a  secliun  acro;'s  the  platform  and 
platform   fence  showings  tlu-   runway   fence 


reduction  in  weight.    This  saving  in  wriRht 
runs    from   'JO  to   3<1   per   cent, 
upon  the  size  and  character  of  t 
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Fig.  2 — Transverse  Section  of  Reinforced 

in  elevation,  and  I'ig.  :!  is  a  front  elcvaliuii 
of  the  platform  and  platform  fcnoc. 

Considering  first  the  platform  construc- 
tion. Figs.  2  and  3  show  it  to  consist  of 
two  rows  of  corbelled  columns  carrying 
longitudinal  and  transverse  girders  sup- 
porting a  tlat  slab  floor.  The  columns  and 
girders  are  separately  molded  and  then 
erected  into  place :  the  slabs  may  be  molded 
separately  and  erected  like  the  columns  and 
girders  or  they  may  be  molded  in  place. 
The  column  footings  arc  molded  in  place 
in  the  pits  with  sockets  to  receive  the  bot- 
toms of  the  columns,  which  are  then 
erected  and  grouted  into  the  sockets.  It 
should  be  noticed  that  the  columns  are 
molded  with  corbels  to  take  the  girders 
and  that  the  top  of  the  column  has  a  tongue 
or  tenon  to  receive  the  girders.  These  are 
molded  with  a  slot  in  the  bottom  face,  this 
slot  setting  over  the  tenon  on  the  column. 
The  view  Fig.  4  indicates  the  manner  of 
this. 

While  the  coring  or  slotting  of  the  gir- 
ders makes  possible  the  mortice  and  tenon 
connection  mentioned,  this  is  not  the  only 
purpose  of  the  coring.  The  theory  is  that 
the  section  of  concrete  represented  by  the 
slot  serves  no  adequate  purpose  in  a  re- 
inforced girder,  and  so  by  removing  it 
there  is  no  loss  of  strength  and  there  is  a 
saving  in  material  and,  what  is  far  more 
important  in  piece  construction,  a  material 


Concrete  Platform  Showing   Inclined   Run, 

The  rcinforceiiRiu  lor  the  slotted  platform 

girders  is  clearly  shown  by  Figs.  2  and  3. 

To   secure   the    advantage   of   continuity 


lairr  impr"Vc'l  fnrtn  by   Fig    -'>      .\s  will  be 

•ing  girders 
•  h  and  c  d, 
leaving  an  open  space  abed.  In  molding 
the  girders  the  ends  of  the  catenary  rein- 
lorciiig  bars  are  left  projecting  beyond  the 
ends  of  the  girth  bent  to  a  hook. 

.\Uo  it  will  be  1  '    (be  undersides 

of   the  girder>   lUar    •  I 

dcred  {e.  /.,  <•.  /. »,  aii'.  .r 

against  the  end  faces  01  the  corbels.  V^'hen 
the  girders  have  been  set  in  place  in  the 
columns  the  hook  ends  of  facing  bars  are 
connected  across  the  open  space  by  drop- 
forged  turnbucklcs,  which  are  drawn  up 
tight.  Then  the  mortice  and  tenon  joint 
is  grouted  and  the  space  a  6  <•  </  is  filled 
with  concrete. 

It  will  be  observed  from  what  has  been 
said  that  Mr.  Holmberg  has  arrived  at  a 
very  simple  solution  of  one  of  the  annoying 
problems  in  piece  construction  for  build- 
ings, vi/..,  continuity   of  girder  action  and 


Fig. 


-Method  of  Erecting  Reinforced 
Molded    M 


of  girders  over  supports  in  this  nietho<l  of 
piece  construction  a  special  type  of  connec- 
tion is  employed.  This  connection  is  indi- 
cated  by   Fig.   ^,  but    is  better  shown   in  a 
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Fig.  3 — Front   Elevation   of   Reinforced  Concrete    Platform    and    Fence. 


Concrete    Platform    of    Separately 
embers. 

rigidity  of  girder  and  column  connections. 
Xo  complicated  mold  work  is  necessary  in 
casting  girders  or  columns  and  the  com- 
pleting of  the  connection  in  the  field  in- 
volves only  the  most  ordinary  operations. 
The  view  Fig.  I  shows  the  erecting  plant 
for  the  platform  work:  girders  wire  being 
placed  at  the  time  the  picture  was  taken. 
It  may  be  said  that  this  is  a  view  of  one 
of  the  first  platforms  built,  and,  therefore, 
does  not  represent  structurally  the  more 
recent  work.  For  example,  the  inside  cor- 
bels on  the  columns  on  which  the  cross 
girders  rest,  as  shown  by  Fig.  2,  are  not 
shown,  nor  is  the  girder  connection  just 
described.  The  view  is,  however,  true  so 
far  as  general  methods  of  erection  are  con 
ecrncd.  The  molded  members  arc  brought 
to  the  work  in  flat  cars,  from  which  they 
are  picked  up  and  handled  into  place  by 
the  derrick  car. 

The   slab   work    for   the   platforms   calls 
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for  only  brief  mention ;  it  is  clearly  shown 
by  Figs.  1  and  2. 

The  fence  construction  may  be  studied 
from  Figs.  1,  2  and  3,  and  also  in  the  view 
Fig.  6,  showing  one  of  the  inclined  runs. 
This  fence  consists  of  posts,  "boards"  and 
rail,  all  separately  molded.  The  posts  are 
H-shaped,  or,  rather,  they  have  two  sides 
slotted  to  receive  the  ends  of  the  "boards." 
These  are  of  I-beam  section  reinforced  as 
shown,  the  flanges  of  the  I  being  beveled 


1  Vi  ins.  for  the  heavier  pieces  to  about  % 
in.  for  the  thin  pieces.  Until  recently  all 
the  pieces  were  cast  in  wooden  molds,  but 
as  the  work  becomes  standardized  metal 
molds  are  being  made;  the  life  of  a  wood- 
en mold  is  not  more  than  20  pieces  molded, 
no  matter  what  care  is  taken  of  them  or 
how    well    they    are    lubricated.      A    large 
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Fig.    5 — Support    of    Girders    Over    Col- 
umns.  Showing   Connection. 

down  at  the  ends  of  the  "board"  so  that  it 
will  enter  the  post  slot.  In  erection  the 
"boards"  are  slipped  into  the  post  slots, 
temporarily  blocked  apart  vertically  and 
finally  grouted  into  the  slots.  The  rail  is  a 
channel-shaped  piece,  which  is  placed, 
flanges   down,   over   the  tops  of   the  posts 
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Fig.  7 — Reinforced   Concrete  Watering 
Trough. 

molding  plant  is  also  being  built — being 
now  nearly  finished — which  is  provided 
with  means  for  handling  mechanically  the 
raw  materials,  mixed  concrete  and  the 
molds  and  molded  pieces.  The  molding 
house  proper  is  a  substantial  wooden  build- 
ing, with  a  concrete  molding  floor,  and  is 


Fig.   6— View   Showing   Reinforced  Concrete    Fence. 


and  is  grouted  to  the  posts.  The  concrete 
walls  holding  the  inclined  fill  for  the  run- 
way and  separating  the  pen  from  the  space 
below  the  platform  are  shown  by  Fig.  6. 

The  concrete  used  for  all  this  work  is  a 
1-2-4  Univ  irsal  Portland  cement  and  gravel 
mixture.  No  change  in  proportions  is  em- 
ployed for  pieces  of  different  nature,  but 
the   size   of   the   aggregate   is    varied    from 


so  piped  for  steam  heat  that  a  temperature 
of  120°  F.  can  be  maintained.  It  is  the 
intention  of  Mr.  Holmberg  to  utilize  or  at 
least  to  experiment  with  the  use  of  high 
temperatures  to  hasten  the  setting  and 
hardening  of  the  molded  pieces. 

The  stock  pen  and  platform  work  de- 
scribed here  is,  as  already  stated,  only  one 
of   several   structural   uses   to  be   made   of 


concrete  in  the  "stock  yards"  reconstruc- 
tion. Several  large  buildings  and  a  number 
of  bridges  are  now  under  way  and  will  be 
described  in  future  issues.  It  is  not  alone 
for  large  structures  that  concrete  is  being 
used,  however.  As  an  example  of  the 
smaller  structures  we  show  a  concrete  wa- 
tering trough  by  Fig.  7.  These  troughs 
are  reinforced  with  American  Steel  & 
Wire  Co.'s  triangular  mesh  and  are 
molded  in  forms  which  are  used  over 
and  over.  The  trough  as  shown  has 
no  special  finish,  but  is  just  as  it  comes 
from  the  mold.  No  waterproofing  material 
is  used,  but  the  concrete  is  proportioned 
to  obtain  a  water-tight  mixture.  The 
curves  of  the  trough  sides  are  so  formed 
that  in  freezing  the  ice  slides  up  the  sides 
and  does  not  burst  the  trough.  It  is  not 
so  much  in  themselves,  however,  that  these 
troughs  are  interesting  as  it  is  for  the 
exemplification  which  they  furnish  of  the 
extent  and  scope  of  the  concrete  construc- 
tion which  is  rehabilitating  the  Chicago 
.Stock  Yards. 


A   Claw   Bar    for   Removing    Forms 
for  Concrete  Work. 

.Among  the  small  tools  required  for 
carrying  on  reinforced  concrete  work  none 
comes  in  more  useful  for  a  variety  of  pur- 
poses than  a  supply  of  crow  bars,  claw  bars 
and  chisel  bars.  As  a  rule  such  bars  can 
be  worked  up  on  the  job  or  by  a  local 
blacksmith  from  reinforcing  material  and 
need  not  be  purchased  at  all.  For  chisel 
bars  the  steel  need  only  be  cut  to  length 
and  sharpened  to  a  chisel  edge  at  one  end. 
Bars  so  made  can  be  used  in  an  emergency 
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Claw   Bar  for   Removing    Forms. 

for  crow  bars,  and  they  have  numerous 
uses  such  as  chipping  concrete,  prying  re- 
inforcement into  position,  knocking  out 
keys  and  spacers.  Claw  bars  for  removing 
forms  and  drawing  nails  can  be  made  in 
the  same  manner.  A  good  shape  of  claw 
bar  for  removing  forms  is  shown  by  the 
accompanying  sketch.  This  bar  can  be 
made  of  round  or  square  iron  as  well  as  of 
the  section  sketched,  and  any  ordinary 
blacksmith  can  do  the  work.  Being  made 
of  reinforcing  steel  these  various  bars,  if 
it  is  not  desired  to  keep  them,  can,  toward 
the  end  of  the  work,  be  used  as  reinforce- 
ment. 


The  Chicago,  Milwaukee  &  St.  Paul  R. 
R.  is  planning,  it  is  reported,  the  letting 
of  contracts  for  the  erection  of  two  power- 
houses on  the  Missoula  and  St.  Joe  Rivers. 
The  purpose  of  these  plants  is  to  generate 
power  to  operate  the  new  Pacific  coast  ex- 
tension through  the  Bitter  Root  moun- 
tains. This  electrified  section  extends 
from  St.  Regis,  Mont.,  to  St.  Joe,  Idaho, 
and  is  100  miles  long. 
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A  New  Method  of  Using    Forms    for 

Building  a  Concrete  House 

and  Some  Costs. 

The  ii>M  I'l  liiiililliig  ImiiM'-  I'l  iiiii 
creli-  is  high,  owing  to  ihc  fact  that  the 
form  work  is  <|iiilc  cxpcnsivr.  Cost  data 
on  hoiisi-  building  arc  mi-a(;rc,  luit  from  rec- 
ords given  in  this  journal  and  (iillcltc  & 
Hill,  "Concrete  Construction,  Methods 
and  Cost,"  the  cost  of  form  work  alone 
amounts  to  $:5.">0  or  more  per  cu.  yd.  In 
most  cases  the  cost  of  forms  being  nearly 
$5.1X1  per  cu.  yd.  This  means  that  on  an 
average  4o  per  cent  of  the  total  cost  of 
concrete   in  a  house,   is  for   form  work. 

The  reasons  for  this  are  evident.  .V  large 
amount  of  lumber  has  to  be  bought  to 
make  the  forms  and  to  be  used  as  props 
to  hold  them.  This  lumber  is  seldom  used 
more  than  three  times  on  a  building  and 
often  is  used  but  twice.  Carpenters  have 
to  frame  and  erect  it,  and  frequently  have 
to  assist  in  taking  down  the  forms.  These 
things  are  bound  to  make  the  cost  run 
high. 

To  overcome  the  excessive  cost  of  fonns 


cut  to  the  length  needed  and  bent  in  ad- 
vance. 

The  form  boards  are  made  of  %-in. 
plank,  planed  on  two  sides.  These  arc 
strengthened  with  flattens  of  lKx3-in. 
strips,  placed  'M  ins.  apart.  Two  %-in. 
auger  holes  arc  bored  through  the  battens 
and  planks  to  take  the  clamps,  .\fter  the 
forms  are  made,  either  enough  to  go 
around  tlie  building,  or  around  some  sec- 
tion of  it,  if  the  structure  covers  a  large 
area,  they  are  given  two  coats  of  good 
metallic  paint  on  both  sides.  .\i  they  are 
being  used  each  time,  the  inside  of  the 
form  is  painted  with  a  mixture  of  lard  and 
kerosene,  which  prevents  the  cement  from 
adhering   to  the   forms. 

.\fter  the  foundations  and  footings  arc 
in  place,  the  form  boards  are  set  up,  the 
two  sides  being  connected  by  the  wires  and 
clamps.  Before  lining  up  the  forms  some 
concrete  is  thrown  into  them  at  intervals, 
which  gives  some  rigidity  to  the  forms 
and  keeps  them  in  place  when  lined  up. 
The  forms  are  lined  by  by  a  mason's  line 
and  plumb  and  level,  in  a  manner  similar 
to    bricklayers    starting    off    a    wall    and 


House    Being   Built   by  Two-Board-Form   Method. 


a  system  known  as  the  "Two-Board  Form 
.Method"  has  been  devised.  The  Dietrich 
Clamp  Co.  have  originated  this  system 
and  it  is  stated  that  it  can  only  be  used 
in  connection  with  their  clamps,  the  rea- 
son being  that  with  these  clamps  the  form 
lioards  can  be  removed  while  the  concrete 
is  still  damp  without  interfering  with  the 
-ettling  of  the  wet  concrete.  This  method 
^cems  bound  to  play  a  very  important  part 
m  reducing  the  cost  of  concrete  work,  and 
for  that  rea.son  wc  give  space  to  a  de- 
tailed description  of  it. 

The  accompanying  cut  showing  a  dwell- 
ing house  that  has  been  built  with  the 
Two-Boarr!  Form  Method  and  the  Die- 
trichs  clamps  in  .\'ew  Jersey.  For  this 
work  the  wall  form  clamp  and  the  comer 
clamp  are  used.  The  wall  form  damp  has 
a  hook  head  on  it  that  hooks  onto  a  loop 
of  wire.  The  body  of  the  clamp  goes 
through  the  form  boards  and  is  held  in 
place  by  means  of  the  key.    The  wires  arc 


i.;irrying  it  to  any  desired  height.  .\s 
soon  as  the  forms  arc  in  place  and  lined 
up,  concrete  is  put  in  them  all  around  the 
building.  In  the  building  illustrated,  a 
Main's  Telescopic  Mixer  was  used  with 
a  derrick  to  operate  it.  It  will  be  noticed 
that  three  men  with  a  hoisting  engine  arc 
doing  all  the  work  on  this  building. 

The  forms  are  in  such  units  that  they 
are  easily  handled  and  need  no  braces  or 
props  to  hold  tlicm.  .Vfter  they  arc  made 
a  carpenter  is  not  needed  Only  a  few- 
men  arc  worked  on  the  building,  as  the 
mixer  is  loaded  from  st.x-k  piles,  and 
serving  into  space,  mi.ving  the  concrete  as 
it  goes  through  the  air.  and  spilling  it  di- 
rectly into  the  forms.  This  mixer  and  the 
system  of  forms  thus  does  away  with  all 
unnecessary  attendance,  as  men  placing  ex- 
tensive forms,  props  and  braces,  men 
wheeling  concrete  barrows  and  placing 
concrete  and  a  large  ni:n:!.<r  cf  men  feed- 
ing the  mixer  arc  not  The  water 


for  the  concrete  is  thrown  into  the  top 
hopper,  shown  in  the  illustration,  before 
the  derrick  hoists  the  mixer.  It  is  claimed 
that  with  the  Mains  Telescopic  Mixer  and 
the  Dietrich  system  of  forms  only,  it  i* 
possible  to  thus  cut  down  the  labor  needed 
in  building  a  coi 

.•\s   soon  as   tl  liroughl   to 

the  top  of  the  tw  ■  form 

Imard   is   taken    '  u   top 

of  the  second  form  board.  I  his  operation 
is  being  perfornu<I  '^  '''■  men  in  the  pho- 
tograph. It  is  p<  I  this  while  the 
concrete  is  still  li.nnp.  .i~  the  clamps  and 
lx>ards  come  off  as  easily  as  a  door  is 
opened,  so  that  there  is  no  jar.  as  with 
bolts,  pipes,  twisted  wire  and  other  form 
holders  and  separators  to  interfere  with 
the  set  of  the  concrete,  .\ftcr  the  lower 
forms  are  raised  to  the  top  they  are  lined 
up  as  already  explained.  The  operation  of 
filling  and  raising  the  forms  is  continued 
until  the  building  is  completed 

It  will  be  noticed  that  the  window  and 
door  frames  arc  all  placpd.  as  the  house 
is  built  exactly  as  is  done  in  building  a 
brick  house.  Indeed,  with  the  two-board 
form  method  all  the  work  is  done  in  a 
manner  similar  to  brick  work.  If  con- 
crete floors  are  to  be  used  the  forms  for 
the  floors  are  placed  as  the  walls  are  be- 
ing built  and  when  they  reach  the  floor  it 
is  put  in  place,  being  monohthic  with  the 
walls.  Then  the  second  story  walls  are 
carried  up.  With  this  method  a  real  mono- 
lithic structure  is  obtained,  as  the  con- 
crete is  placed  continuously  and  not  once  a 
week  as  is  done  when  high  and  extensive 
form    work   is   used. 

To  build  the  comers,  the  Dietrichs  cor- 
ner clamp  is  used  on  the  outside  of  the 
form,  while  on  the  inside  a  small  angle 
iron  is  used,  to  prevent  the  two  boards 
meeting  at  the  comer  from  binding  »her» 
they  are  taken  down.  The  operation  is 
very  simple. 

The  walls  shown  in  the  illustration  are 
8  ins.  thick.  The  cost  for  all  labor,  in- 
cluding the  labor  of  placing  the  forms  as 
alKivc  described,  of  charging  the  mixer, 
of  mixing  and  placing  the  concrete,  in  fact 
the  entire  cost  of  the  concrete  except  for 
the  materials,  as  stone,  sand  and  cemenf. 
was  6  cts.  per  sq.  ft  of  wall,  or  $2.40 
per  cu.  yd.  of  concrete,  wages  for  the 
men  being  $1.30  for  a  lO-hr.  day. 
This  cost,  as  everyone  familiar  with  build- 
ings will  know,  is  exceedingly  low. 

On   a    stable   built    in    T 1    with 

the  two-board   fomi  met!.  ■    Pie- 

trichs  clamps,  a  great  saving  -  d 

on   the   forms.     The   lumber   1:  he 

forms  and  scaffolding  was  afterwards  used 
in  the  roof  of  the  building.  The  con- 
tractor. Mr.  C.  R.  Knapp.  stated  that  he 
saved  00  per  cent  of  the  ordinary  cost  of 
forms  used  for  this  class  of  work,  and 
built   a   building  of  concrete   f.  ii» 

a    brick    structure   or    frame    -  M 

have  been  erected. 

The  Dietrichs  clamps  are  made  by  the 
Dietrichs  Clamp  Co.  of  Little  Ferry,  N.  J. 
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Method    of    Constructing    Reinforced 
Concrete  Pile  Bents  for  the  At- 
lantic City  Boardwalk. 

The  boardwalk  is  Atlantic  City's  most 
widely  known  recreation  feature,  and  un- 
doubtedly it  contributes  more  to  the  suc- 
cess of  that  resort  than  any  other  of  its 
many  attractions.  Recognizing  this  fact, 
the  city  has  spared  neither  trouble  nor  ex- 
pense to  make  the  boardwalk  the  finest 
structure  of  its  kind  in  the  world.  .As  a 
result  of  this  policy  the  walk  has  developed 
from  an  irregular,  uneven  plank  walk, 
maintained  by  private  individuals  and  sub- 
ject to  frequent  washouts  by  the  sea,  into  a 
broad,  level  promenade.  Elevated  above 
the  reach  of  the  tides,  it  stretches  for 
miles  along  the  ocean  front  and  affords, 
both  winter  and  summer,  an  unequaled 
place  of  recreation  for  hundreds  of  thou- 
sands of  visitors. 

In  1896  the  greater  part  of  the  walk  was 
rebuilt,  steel  piling  and  caps  being  substi- 
tuted for  the  wood  piles  previously  em- 
ployed. The  moist,  salt  air  of  Atlantic 
City  corrodes  iron  or  steel  with  amazing 
rapidity  and  the  fine  sand  which  drifts  like 
snow  in  every  wind  forms  a  most  effective 
sand  blast  in  removing  any  protective  coat- 
ing of  paint.  In  1907  it  was  decided  to  re- 
locate a  section  of  the  boardwalk,  near  the 
inlet,  where  the  ocean  had  receded  some 
400  ft. 

By  the  time  the  steel  under  the  old 
boardwalk  had  become  corroded  to  such  an 
extent  as  to  make  its  safety  doubtful.  In 
addition,  the  blistered  and  scaly  appearance 
of  the  metal  made  the  structure  unsightly. 
Concrete  had  been  used  effectively  for  pil- 
ing under  some  of  the  amusement  piers, 
and  therefore,  from  both  practical  and 
esthetic  viewpoints,  it  appeared  to  those  in 
charge  of  the  work  as  the  best  material 
for  the  new  construction. 

Plans  and  specifications  were  drawn  up 
by  J.  W.  Hackney,  city  engineer,  bids  were 
invited,  and  in  January.  1908,  the  contract 
was  awarded  to  the  Raymond  Concrete 
Pile  Co.  of  New  York  and  Chiacgo. 

STRUCTURAL   DET.MLS. 

The  piles  were  especially  designed  with  a 
view  to  best  meeting  local  conditions.  As 
the  boardwalk  forms  part  of  an  architec- 
tural scheme  for  beautifying  the  citj-,  it 
was  essential  that  the  piles  be  round  and 
cylindrical,  ornamental  as  well  as  useful. 
This  factor  precluded  the  use  of  the  stand- 
ard Raymond  concrete  pile,  which  is  made 
by  driving  a  tapered  core  within  a  sheet 
steel  shell,  withdrawing  the  core,  and  filling 
the  shell  with  concrete. 

.As  no  reliance  was  placed  on  the  fric- 
tional  resistance  of  sand  on  the  sides  of  the 
pile  the  base  was  enlarged  to  afford  a 
greater  bearing  area.  It  then  seemed  prob- 
able, in  consideration  of  the  greater  area 
of  the  base,  that  the  sand  would  not  settle 
closely  under  the  foot  of  the  pile  after  it 
had  been  jetted  into  place,  causing  subse- 
quent settlement.  While  it  is  customary  to 
drive   piles  to   refusal  after   jetting   is   fin- 


ished, in  all  cases  where  piling  is  driven 
into  sand  by  means  of  a  water  jet,  this  ob- 
viously could  not  be  done  with  a  pile  of  the 
design  used.  It  was  therefore  decided  to 
prevent  future  settlement  by  compacting 
the  sand  under  the  pile,  in  the  following 
manner : 

A  piece  of  2%-in.  pipe  was  cast  into  each 
pile,   extending   throughout   its   full   length. 


The  piles  were  16  ins.  in  diameter  and  of 
two  lengths,  28  ft.  and  .32  ft.,  the  shorter 
ones  being  used  in  the  more  protected  por- 
tions of  the  walk  and  the  longer  ones  in 
sections  where  the  chances  of  erosion  were 
greater.  The  elevation  of  the  deck  of  the 
walk  is  15  ft.  above  low  mean  water,  the 
piles  being  driven  15  or  19  ft.  into  the  sand, 
depending  upon  the  location.     This  gives  a 
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Fig.    1 — Details    cf    Piles.   Girders    and    Platfcrms    for    Atlantic 
City    Board     Walk. 


The  lower  end  was  closed  with  a  tapered 
wooden  plug  and  the  upper  with  waste  to 
prevent  the  entrance  of  concrete.  After 
the  pile  had  been  placed  the  plug  was 
knocked  out  and  sand  rammed  under  the 
foot  of  the  pile.  As  the  pipe  projected 
some  4  ins.  beyond  the  top  of  the  pile  it 
likewise  served  in  suspending  the  pile  ver- 
tically in  the  pile  driver  leads. 


depth  in  the  sand  of  from  20  to  25  ft.  and 
precludes  any  likelihood  of  the  piles  being 
disturbed  by  storms  of  the  shifting  of  the 
beach  from  the  action  of  wind  and  sea. 

The  walk  is  45  ft.  wide  for  a  distance  of 
60O  ft.  and  then  narrows  down  to  21  ft. 
The  wider  section  is  supported  on  four  pile 
bents,  20  ft.  on  centers,  the  piles  being  10 
ft.  on  centers,  and  the  narrow  section  on 
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two  pile  btnis  with  llic  same  spaciiiK.  Hit 
caps  or  girders  arc  8V4x24  ins.  in  scctiun, 
with  a  5-ft.  cantilever  at  each  end.  The  dc- 
<iiRn  is  simple,  but  the  proportion  and  rcm- 
tral  eflFcct  are  pleasing. 

As  reinforcement  plain  round  or  square 
rods  were  used  throughout,  the  column  re- 
inforcing consisting  of  four  %-in.  round 
rods,  hooped  at  intervals  of  18  ins.  with  M- 
in.  round  iron."  The  :iH-in.  pipe  men- 
tioned   ahovc.    while    n<!t    calculated    as    a 


Mutdtitii  /')7«-.t  — rill  pilr^  Wirt  iiiiiUlcd 
vertically,  using  a  scaffold  «ir  trestle.  This 
scaffold  or  trestle  served  as  a  bracing  for 
the  forms,  a  run-way  for  distributing  the 
concrete,  and  a  substitute  for  a  derrick  or 
jin  pole  when  lowering  the  piles.  It  was 
made  of  -lO  bents,  spaced  5  ft.  on  centers, 
and  giving  45  spaces  for  molds  on  each 
side,  a  total  of  90.  It  was  34  ft.  high,  225 
ft.  long  and  12  ft.  wide,  and  was  graded 
away  from  the  hoi.viing  end  to  facilitate 
wheeling.    Guy  ropes  were  carried  down  to 


to  three  days,  tli^  ' 

swung  into  the  m-  - 

bolted  together  and  tilled.-  .Mter  two  or 
three  days  the  mold  was  again  stripped, 
prepared  as  described,  and  set  up  in  the 
third  space.  By  the  time  the  third  pile  was 
ready  to  strip,  from  nine  to  ten  days  after 
the  first  was  poured,  the  fir  ■  '       ! 

enough  to  be   removed       f  1 

then  be  swung  back  in'  .md 

the  sequence  of  oper;iti  ■.•'!. 

The  molds   were  handled  jn   an   upright 


Fig.  2 — Lever  for  Shifting  Pile    Molds    from    Space    to    Space 
Along     Molding    Trestle. 


F'g. 


-Filling    and    Puddling    Pile     Molds. 


part  of  the  reinlorceintnt,  undoubtedly 
added  much  to  the  strength  of  the  pile. 
The  girders  were  reinforced  with  two  1-in. 
square  rods  and  the  two  %-in.  round  rods. 
No  stirrups  were  used.  The  rods  of  the 
columns  projecting  up  into  the  girder  for  ;i 
distance  of  18  ins.  gave  a  good  bond. 

The  construction  as  described  is  shown 
clearly  by  Fig.  1. 

CONSTRUCTION     METHODS. 

The  contractor's  equipment  consisted  of 
a  scaffold  or  trestle  for  casting  the  piles,  a 
l)atch  mi.>:er,  hoist,  industrial  railway  and 
cars  for  moving  the  piles,  pile  driver  and 
jetting  apparatus  and  a  force  pump  for 
supplying  water  to  the  jets.  Nearly  the 
whole  line  of  the  work  was  at  or  below 
high  \vater  mark  and  consequently  subject 
to  the  effects  of  storms  or  high  tides.  On 
this  account  the  contractor  obtained  per- 
mission to  depart  from  the  oriijinal  speci- 
fications which  contemplated  molding  and 
sinking  the  piles  in  sections  at  site.  Each 
pile  was  therefore  molded  entire,  off  the 
line  of  work.  In  this  way  the  use  of  a 
very  satisfactory  equipment  was  made  pos- 
sible and  much  Inciter  results  were  ob- 
tained. Due  to  the  fact  that  each  pile  was 
cast  entire  and  in  one  mold,  joints  and  the 
danger  of  washed  concrete  from  the 
chance  admission  of  sea  water  were  elimi- 
nated and  a  perfect  alignment  was  ob- 
tained. 

The  construction  work  it  will  be  seen 
may  be  separated  into  three  processes: 
Molding  the  piles,  sinking  the  piles,  and 
molding  the  cirders. 


the  ground  at  4"- It.  intervals  on  each  side, 
giving  great  stiffness  to  the  structure. 

The  molds  proper  were  made  of  lii  gage 
sheet  iron  rolled  into  the  proper  cylindri- 
cal shape  and  screwed  to  wood  braces 
They  were  made  in  halves  and  bolted  to- 
gether with  butt  joints.  Some  difficulty 
was  anticipated  in  handling  the  joints, 
since  they  were  32  ft.  in  length,  but  by 
careful  design  and  building  in  the  first 
place   and    careful    handling    thereafter,    no 


ill/r/ritr/f//n/rfifihtrn>'f'f}ltj}fiirrtttrit>ttriifrftnmfh 

Fig.  3 — Sketch  Showing   Method  of 
Lowering   Piles  Onto  Cars. 

trouble  whatever  was  cvperienced  ui  fit- 
ting them  together  or  maintaining  true 
alinement  even  after  using  each  for  some 
twelve  times. 

As  stated  above,  there  were  90  spaces 
along  the  scaffold  for  molds;  30  molds 
were  employed,  one  set  in  each  third 
space.  In  rotation  each  mi M  occupied 
three  different  spaces,  the  mode  of  pro- 
cedure being  as  follows:  When  the  first 
colunm  could  be  stripped,  generally  in  two 


position,  using  a  pivoted  Icvr.  l-'igure  2 
shows  the  manner  of  using  thi^  lever.  The 
short  lever  arm  carried  a  chain  and  shackle 
which  hooked  into  the  top  of  the  mold. 
Bearing  down  on  the  longer  lever  arm 
lifted  the  mold  which  was  then  swung  to 
the  next  vacant  space  by  rotating  the  lever 
on  its  pivot.  This  procedure  was  found 
capable  and  convenient. 

To  handle  the  cast  piles  was  found  a 
more  difficult  task.  The  piles  were  28  and 
32  ft.  long  and  weighed  some  VA  tons,  and 
the  reinforcement  was  not  sufficient  to 
keep  the  pile  from  breaking  imdcr  its  own 
bending  weight.  In  fact  when  supported 
horizontally  at  two  points  half  way  be- 
tween ends  and  middle  the  dead  load 
stresses  were  far  in  excess  of  tho->e  con- 
sidered safe.  Some  safe  special  method 
had  to  be  devised  for  handling.  The 
method  adopted  was  as  follows:  Two 
rope  slings  were  placed  around  the  pile  at 
points  which  would  give  the  most  even  dis- 
tribution of  stresses,  assuming  the  foot  of 
the  pile  to  be  sup|iorttd.  Into  these  slings 
was  hooked  a  wire  cable,  with  considera- 
ble slack,  which  passed  through  a  snatch 
block.  The  snatch  block  was  hooked  to 
one  end  of  a  tackle,  the  other  end  of 
which  was  fastened  to  the  top  edge  of  the 
scaffold.  The  fall  line  from  the  tackle  ran 
to  a  hand  winch  on  the  groimd.  .\  strain 
was  taken  on  the  tackle  and  the  pile 
pushed  out  from  the  scaflFold  at  the  top 
tmtil  supported  by  the  l.ncklc,  its  bottom 
hinging  on  a  sill.  The  tackle  was  then 
slacked  off  with  the  winch,  the  snatch  block 
Iravchng   along   the   bight   in   the   sling   ca- 
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ble  as  the  pile  approached  the  horizontal. 
As  the  pile  neared  a  horizontal  position  it 
was  received  on  a  wooden  cradle  16  ft. 
long  with  2-in.  pillow  blocks  at  each  end. 
This  cradle  was  tipped  back  onto  a  flat  car 
as  the  pile  came  to  the  horizontal,  the 
slings  were  cast  off,  and  cradle  and  pile 
were  slewed  around  parallel  with  the  car 
track  which  ran  alongside  the  scaffold. 
The  car  took  the  pile  to  a  storage  yard, 
where  it  was  rolled  onto  a  skidway  to 
cure.  The  sketch.  Fig.  -3,  helps  to  explain 
the  method  of  lowering  the  molded  piles 
onto  the  cars. 

The  narrow  gage  railway  on  which  the 
cars  ran,  passel  along  both  sides  of  the 
scaffold  by  the  storage  yard  and  along  the 
line  of  the  walk.  It  proved  to  be  a  great 
labor  saver.  For  moving  the  piles  two 
platform  cars  were  fitted  with  turn-tables, 
making  it  possible  to  swing  a  pile  to  any 
angle  from  the  track.  This  was  found 
necessary  both  to  aid  in  loading  the  col- 
umns on  the  cars  and  in  picking  them  up 
by  the  driver.  A  dump  car  was  used  to 
distribute  material  for  the  caps  and  gir- 
ders. All  lumber  was  moved  on  the  flat 
cars. 

The  concrete  was  a  1-2-4  mixture  of 
Alpha  Portland  cement,  washed  sand  and 
screened  %-in.  gravel.  It  was  mixed  in  a 
Vi  cu.  yd.  Chicago  mixer.  The  mixer 
■was  located  at  tlie  highest  end  of  the  stag- 
ing, with  stock  piles  close  by.  The  con- 
crete was  discharged  into  wheelbarrows 
and  wheeled  about  10  ft.  to  a  wheelbarrow 
hoist  at  the  end  of  the  trestle.  The  top  of 
this  hoist  is  shown  by  Fig.  2.  The  hoist 
had  room  for  two  barrows,  the  wheeler 
running  on  a  full  and  taking  off  an  empty 
barrow  each  trip. 

In  filling  the  molds,  great  care  was  taken 
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after  reaching  the  top  of  the  scaffold,  was 
not  wheeled  and  dumped  directly  into  the 
forms  but  was  first  turned  out  on  a  plat- 
form, Fig.  4,  whence  it  was  shoveled  into 
the  form  thus  ensuring  a  perfect  mixture. 
During  the   process  of  filling  the   concrete 


Fig.   5 — Outfit  for  Jetting    Piles. 

was  continuously  puddled  by  means  of 
rammers  extending  the  entire  depth  of  the 
column.  As  a  result  of  these  precautions 
not  one  of  the  360  piles  cast  was  found  in 
any   way   defective. 


justed  and  the  pile  up-ended  using  the 
main  purchase  of  the  pile  driver  in  place 
of  the  block  and  tackle.  When  vertical 
a  hanger  was  secured  into  the  end  of  the 
pipe  projecting  from  the  top  of  the  pile, 
the  purchase  was  hooked  into  this  hanger 
and  the  slings  were  cast  off  letting  the  pile 
hang  vertical  and   free  in  the  leads. 

The  driver  was  then  swung  to  bring  the 
pile  over  the  stake  and  sinking  was  begun 
using  two  jets.  The  pile  settled  by  its 
own  weight  through  the  sand,  but  when 
layers  of  clay  were  encountered  it  had  to 
be  churned  until  it  broke  through.  When 
the  pile  had  been  sunk  to  the  proper  depth 
and  in  the  proper  position  the  jets  were 
pulled  allowing  the  sand  to  settle  around 
the  pile  which  it  did  in  two  or  three  min- 
utes. 

Forty-eight  hours  after  jetting  the  piles 
were  settled  in  the  following  manner.  A 
piece  of  2-in.  shafting,  2  ft.  longer  than 
the  pile,  was  introduced  into  the  central 
pipe  and  alternately  raised  and  dropped, 
knocking  out  the  wooden  plug  and  com- 
pacting the  sand  under  the  foot  of  the  pile. 
This  process  was  continued  until  the  pile 
ceased  to  settle,  from  2  to  6  ins.  of  settle- 
ment usually  occurring.  When  no  further 
settlement  was  perceptible  the  pipe  was 
filled  with  concrete  and  a  cap  moulded  on  to 
the  column  to  the  exact  grade  required 
Figure  6  shows  the  apparatus  used  for 
compacting  the  sand  under  the  foot  of  the 
pile. 

To  supply  water  for  the  jetting  a  Wor- 
thington  8  and  12*  by  7  by  10  compound 
pump  and  a  30  hp.  boiler  were  set  up  in 
an  old  jetty  on  the  beach  and  a  suction  line 
run  out  into  the  ocean.  Water  was  deliv- 
ered at  about  IfO  lbs.  pressure  through  a 
maximum  of  1,100  ft.  of  pipe. 


Fig.  6 — Compacting    Sand    Under   Foot   of    Piles. 


Fig.   7 — Forms  for   Molding   Girders. 


in  mixing  and  depositing  the  concrete  to 
insure  freedom  from  voids  and  to  obtain 
a  smooth  finish.  To  this  end  the  amount 
of  water  in  the  mixture  was  varied  as  the 
mold  was  filled,  the  first  mixture,  at  the 
bottom,  being  very  wet,  and  succeeding 
batches  dryer  until  no  water  showed  when 
the  top  was  reached.  The  careful  con- 
struction of  the  molds  made  them  practi- 
cally water-tight  and  enabled  this  gaging 
to  be  done  with  accuracy.     The  concrete. 


Drkniiii  Piles. — The  molded  piles  were 
driven  or  sunk  by  water  yet  using  the 
standard  Raymond  driving  outfit  shown  by 
Fig.  ,5.  The  procedure  of  the  work  was 
as  follows : 

The  round  pile  was  rolled  off  the  storage 
skids  onto  the  cradle  and  as  previously  de- 
scribed and  was  then  run  to  the  driver. 
Here  the  slings,  cable  and  snatch  block  ar- 
rangement, and  as  before  described  to 
lower  the  piles  from  the  scaffold,  was  ad- 


Molding  Girders. — The  method  of  tuold- 
ing  the  girders  was  simple  and  is  clearly 
indicated  by  Fig.  7.  Girder  forms  were 
set  on  top  of  the  pile  caps  and  braced  as 
shown.  The  concrete  was  brought  from 
the  mixer  to  the  work  in   dump  cars. 

For  the  information  from  which  this 
description  has  been  prepared  we  are  in- 
debted to  Mr.  Aldrich  Durant,  Superin- 
tendent of  Construction,  Raymond  Con- 
crete Pile  Co.,  New  York  city. 
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Metal  Lath  and  Steel  Partition  Con- 
struction. 

Plastered  ccniciit  and  metal  construc- 
tion has  a  wide  ticid  of  UKefulnesj  in  con- 
strnction  work.  It  gives  for  walls  and 
partitions  a  very  light  incombustible  con- 
struction at  moderate  cost.  In  the  ar- 
comp.mying  cut  we  show  a  view  of  some 
p.irtition    construction    of   this    type.      This 


Methods  and    Cost    of     Constructing 
Concrete  Pedestals  for  a 
Steel  Viaduct.* 
The  viaduct  wa^  ll'.i  11    Iouk  with  towers 
30  ft.  high  on  the  Canadian  Northern  On- 
tario Ry.    The  concrete  work  consisted  of 
lOx  10  .X  -J-fi.    footings   carrying    pedestals 
5x5  ft.  on  top  with  sides  battered  1  in  12 
to    meet    the    i.H.iinK"      The    tops     of      the 


Metal  Lath  and  Steel   Partitions,  Y.  M.   C.  A.   Building,   Indianapolis,   Ind. 


work  is  a  portion  of  the  several  thousand 
square  feet  of  partitions  used  in  the  large 
new  Y.  M.  C.  A.  building  at  Indianapolis, 
Ind.  .Ml  this  partition  consists  of  4-in. 
Vci:ngstown  prong  studs  covered  with 
Mahoning  metal  lath  and  plastered. 
.About  140,000  lin.  ft.  of  lath  were  used. 
The  studding  and  lath  were  furnislied  and 
the  partitions  were  erected  by  the  Chicago 
Builders'  Specialties  Co.,  of  Chicago.  Ill, 
as  constructors. 


Between  l,.5nO.OOO  and  2.000,000  cii.  yds. 
of  rock  will  be  used  for  the  concrete  work 
in  the  locks  and  dams  at  Miraflorts  and 
the  locks  at  Pedro  Miguel  on  the  Isthmian 
Canal.  The  rock  will  be  quarried  from  ihe 
south  slope  of  .'\ncon  Hill,  and  will  be 
transported  from  the  quarry  by  train  to 
the  crushers.  The  crusher  p!ant  will  con- 
sist of  one  large  and  four  au.xiliary  crush- 
ers. The  large  crusher  will  take  pieces  of 
rock  as  large  as  3ti  by  36  ins.  as  they  come 
from  the  quarry  and  reduce  them  to  .5  ins. 
or  less.  This  crusher  can  handle  -100  cu. 
yds.  of  rock  an  hour.  Such  rock  as  comes 
from  the  quarry  in  pieces  that  will  pass 
through  a  5-in.  ring,  and  the  prdduct  of 
the  big  crusher,  will  be  conveyed  by  gravity 
to  the  four  auxiliary  crushers,  where  it 
will  be  broken  into  pieces  that  will  pass 
through  a  2^4-in.  ring.  From  the  auxiliary 
crushers  the  rock  will  he  conveyed  to  cars 
on  a  siding  now  in  process  of  construction 
whence  it  will  be  hauled  to  the  works  at 
Miraflores  and  Pedro  Miguel.  I'nwer  for 
nuuiing  the  crushers  will  be  supplied  from 
Ihe  electric  power  Ifbuse  at  Mirallores. 


pedestals  were  all  at  the  same  elevation 
but  their  height  varied,  the  highest  being 
18  ft.  above  tops  of  footing.  The  pedestals 
were  cored  for  anchor  bolts.  The  total 
amount  of  concrete  in  the  work  was  711% 
cu.  yds.,  of  which  298%  cu.  yds.  were  in  the 
footings  and  405  cu.  yds.  were  in  the  pedes- 
tals. The  concrete  was  a  1-2V4-4  mixture, 
taking  1  1/12  bbls.  cement  for  the  footings 
and  a  1-2M-i  mixture,  taking  1%  bbls. 
cement,  for  the  pedestals.  .-Mtogcther  3,350 
hags  of  cement  were  used  for  the  711% 
cu.  yds.  of  concrete,  including  44  bags  for 
the  1-2  mortar  top  dressing  and  15%  bags 
for  washing,  plastering,  etc. 

Excavation. — The  pits  for  the  footings 
were  12  ft.  square  carried  down  into  hard 
clay  through  5  or  <>  ft.  of  sand  and  clay 
and  a  1-ft.  layer  of  driftwood.  The  av- 
erage depth  of  pit  was  11%  ft.,  the  max- 
inuim  depth  15.2  ft.  The  material  was 
handled  by  a  horsepower  derrick,  consist- 
ing of  a  guyed  mast  and  a  kiom  set  at 
45°.  The  bucket  was  lifted  by  a  <louble 
purchase  block,  the  fall  of  the  line  Iwing 
carried  to  a  pulley  set  a  few  feet  to  one 
side  of  the  mast  and  thence  to  a  whiffle- 
tree.  This  gave  enough  side  pull  on  the 
boom  to  swing  the  bucket  clear  of  the  ex- 
cavation. To  hold  the  Iwom  fixed  during 
hoisting  and  lowering  by  a  line  from  the 
end  carried  to  the  far  side  of  the  excava- 
tion and  operated  by  one  man.  One  man 
drove  the  horse.  Two  %-cii.  yd.  buckets 
were  employed,  one  being  filled  as  the 
other    was    being    dumped.      There      were 


1,127  cu    yd*    of  excavatioii   iil.i.-li   .-..i.»  -■£ 
follows 

Items                                        1,,[.,|  I'crcii.  yd. 

General   expenses                  $l!i4  $0,172 

Foreman,  .Vi  days  at  Pi.  . .   105  0.093 

Labor,  -fSi  days  at  $160..  517  0.458 


Horse,  26  days  at  $2. 


52 


0.046 


Totals  5.s>.«  $ft.769 

Forms. —  I  lu  tDrnis  |.,r  ibr  lootings 
were  rough  2-in.  lumber  braced  to  the  pit 
walls.  The  pedestal  forms  were  made  of 
2-in.  dressed  lumber.  Five  sets  were  made. 
Each  form  was  made  16  ft.  high  and  was 
added  to  at  the  bottom  for  the  taller  1.  ' 
tals  and  cut  off  for  the  shorter  pei: 
which  were  built  last.  Two  sides  of  each 
form  were  built  in  panels  or  units,  and  the 
two  other  sides  were  built  up  board  by 
board  as  the  concreting  progressed.  The 
solid  panel  sides  were  held  together  by 
two  wire  ties  every  3  ft.  in  height ;  one  tie 
every  3  ft.  held  the  other  two  sides.  These 
ties  were  No.  9  gage  wire  looped  around 
studs  and  tightened  by  twisting.  There 
were  also  core  forms  for  the  anchor  bolts, 
each  a  box  4  ft.  long,  6  ins,  square  on  top 
and  5%  ins.  square  on  the  bottom.  The 
cost  of  the  forms  was  as  follows : 

Lumber:  Total.  Percuyd. 
7,000   ft.    B.   M.   2-in.    der- 
rick at  $10  per  M $133  . 

2,000  ft.   B.  M.  2-in.  rough 

at  $18  per  M 36 

750  ft.  B.  M.  2x4-in.  scant- 
ling        14 

Cartage,  $2.50  per  M.  ft..  .     24 
.Anchor  bolt  boxes,  etc 10 


Totals   $217 

Deduct  salvage  $10 $207 

Wire,  Ties,  Nails : 

5  rolls  No.  !)  at  3  cts $12 

200  lbs.  wire  nails  at  $2.50.  .     5 

Totals  si: 

Labor: 

Carpenter.  28  days  at  $2..'i0  $70 

Helpers.  38  days  at  $1.75.  .  67 


Totals 


$137 


$0.29 


$0,024 


$0.10.1 


*R<iirninKi'<l  and  f.\|uiiul>M  from  nn  article 
l)V  .1.  H.   Rv.-kmnn  In  "KimlneurlnK  Record," 
.  Jan.  2.1.   1909. 


Grand  totals   $361  $0,507 

CoHCrflf. — The  concrete  was  mixed  by 
hand  on  "lioards"  set  close  to  the  piers  and 
was  shoveled  directly  into  the  forms.  The 
materials  were  transported  to  the  Ixvirds 
in  wheelltarrows  .\  gang  of  1  foreman.  5 
barrownirn.  6  mixers  and  I  man  in  the 
form  averaged  25%  cu.  yds.  per  day  or  a 
little  over  2  en  yds.  per  man  working. 
The  maximum  day's  work  was  38  cu.  yds. 
with  16  men.  The  concrete  was  deposited 
moderately  wet  and  the  mortar  was  spaded 
to  the  surface.  The  lop  3  ins  of  the  pedes- 
tals was  built  of  1-2  mortar.  The  exposed 
surface  of  the  piers  was  washed  with  a 
thin  cement  grout :  alxiut  I  bag  "I  cement 
was  required  for  25  sq.  yds.  of  surface. 
One  man   covered   7%   sq.  yds.   per  hour. 
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using  an  ordinary  whitewash  brush.  1  he 
cost  of  the  concrete  work  was  as  follows : 

Materials :  Total.  Per  cu.  yd. 

173  cu.   yds.   rubble   stone 

at  $0.85    $    147  $0,207 

555  cu.  yds.     i'-in.     stone 

at  $1,875    1,041  1.463 

290  cu.  yds.  sand  at  $1.25.     363  0.510 

840  bbls.  cement  at  $1.80.   1,512  2.121 

Cartage  at  15  cts  per  bbl.      126  0.163 


ENGINEERING-CONTRACTING  \'ol.  XXXI. 


No.  7. 


Totals $-'?.lfO 

Labor : 
Foreman,  28  days  at  $4.  . .  .$112 
Laborers,  343  days  at  1.75.   600 


$4,464 

$0,157 
0.843 


Totals $712  $1,000 

General.    Expenses. — General      expenses 
were  as  follows : 

Superintendence    $239.60 

General  labor   7'8.40 

Int.  and  Dep.  on  plant  and  tools.  ..  .     70.50 


Total   $388.40 

This  gives  a  charge  of  27.3  cts.  per  cubic 
yard  of  concrete. 

There  were  also  the  following  items   of 
cost : 

24  M  ft.  B.  M.  6x8-.in.  hemlock  at  $20. $480 
Shoring  excavations  2500  ft.  B.  M.  tim- 
ber       5" 

Labor  backfilling  piers 162 

Platforms,    runways,    etc 69 

Total  $768 

We   can   summarize  the  cost  of  concrete 
work   as  follows : 

Per  cu.  yd. 

General  expenses  (%  of  $388) $0,273 

Platforms,  runways,  etc 0.097 

Forms   0.507 

Labor    1-000 

Materials   4.464 


Total    $6,341 


The  Gunnison  Tunnel  of  the  Colorado- 
Uncompahgre  Project  was  advanced  550 
ft.  during  January.  A  considerable  delay 
was  caused  by  temporary  increase  in  the 
flow  of  water  at  the  river  portal  and  by 
the  necessity  of  timbering  seamy  ground  in 
the  heading.  In  spite  of  these  difficulties, 
200  ft.  of  advance  were  made  in  this  portal. 
An  advance  of  350  ft.  was  made  in  the 
Cedar  Creek  portal,  in  which  the  material 
encountered  continues  to  consist  of  com- 
paratively drj'  granite  of  varying  tough- 
ness. Concrete  work  was  carried  on  in 
both  headings  throughout  the  month.  The 
tunnel  at  Feb.  1  was  74.3  per  cent  complet- 
ed. 


The  Vera  Cruz  Terminal  Co.,  Ltd.,  has 
placed  contracts  for  its  railway  terminals 
at  Vera  Cruz.  Mexico.  The  terminals  will 
cost  about  $8,000,000.  The  contractors  are  S. 
Pearson  &  Son,  Ltd.,  City  of  Mexico,  and 
Cia  Bancaria  de  Obras  y  Bienes  Raices, 
City  of  Mexico. 


Earth  and  Rock  Section 


Note:  This  Section  is  devoted  to  methods  and  costs  of  excavating  earth  and 
rock  and  building  embankments.  It  will  cover  the  grading  of  roads  and  rail- 
roads, diking  and  canal  work,  dredging,  building  reservoirs  and  earth  dams, 
sewer  and  water  pipe  trenching,  quarrying,  etc. 


Comments  on  the  Use  of  Wagons  in 
Transporting  Eariti. 

(Continued  from  p.  Ill,  Feb.  10,  li)0!).1 
One  method  of  transporting  material  in 
construction  work  that  is  becoming  more 
common  each  year,  is  with  belt  conveyors. 
For  earth  excavation  belt  conveyors  have 
not  as  yet  been  used  very  extensively,  but 
they  have,  during  the  past  decade,  been 
frequently  employed  for  this  purpose  and 
under  enough  different  conditions  to 
demonstrate  both  their  practicability  and 
adaptability,  especially  when  the  distance 
over  which  the  material  is  to  be  trans- 
ported is  fixed.  Belt  conveyors  can  be 
used  for  loading  wagons. 

For  this  purpose  a  platform  can  be  built 
over  the  belt  conveyor  and  scrapers  can 
be  used  to  excavate  the  earth,  dumping 
on  to  the  conveyor  from  the  platform 
through  a  trap,  and  a  hopper  built  under 
the  platform.  At  the  other  end  of  the 
conveyor  wagons  can  be  used  to  catch  the 
earth  as  it  falls  from  the  conveyors.  .\ 
better  arrangement  for  this  purpose  is  to 
have  the  conveyor  discharge  into  a  bin 
and  have  the  wagons  loaded  from  the  lat- 
ter. This  allows  the  belt  conveyor  to  work 
continually.  If  a  steam  shovel  or  a  grab 
bucket  is  used  to  excavate  the  earth,  a 
movable  hopper  is  constructed  over  the 
belt  conveyor  and  the  dipper  of  the  shovel 
or  the  bucket  is  emptied  into  this  hopper. 

Belt  conveyors  can  be  used  to  load 
wagons  in  connection  with  the  excavation 
of  much  earth-work,  as  cellars,  the  inside 
of  reservoirs  and  other  large  pits.  Where 
the  excavated  material  is  to  be  elevated 
to  any  great  heighth,  belt  conveyors  will 
do  the  work  and  save  attendance,  but  the 
amount  of  material  must  be  large  enough 
so  that  the  plant  cliarge  will  not  be  ex- 
cessive. 

.Another  method  of  loading  wagons  is 
by  means  of  a  derrick  skip  that  has  both 
ends  open.  The  skip  is  loaded  by 
means  of  scrapers,  and  is  then  picked 
up  by  a  derrick,  cableway  or  a  special  ma- 
chine for  this  purpose  and  dumped  into 
the  wagon.  This  method  would  also  be 
adapted  to  cellar  excavation  and  other 
earth  work. 

When  wagon  teams  have  to  go  up  heavy 
grades,  as  from  cellar  excavations  and  deep 
pits,  or  even  on  hilly  roads  a  snatch  team 
should  be  used  to  assist  the  regular  team. 
It  must  be  remembered  in  all  hauling,  that 
the  heaviest  grade  on  the  road  or  run- 
way, sets  the  limit  on  the  size  of  the  load, 
hence  in  most  hauling  and  especially  in 
hauling  excavated  material,  the  use  of  a 
snatch   team,   means   the  increasing  of   the 


regular  loads  hauled,  thus  reducing  the 
cost  of  transportation.  Many  contractors 
use  a  three-horse  snatch  team,  and  as  a 
rule  for  wagon  work  such  a  team  is  better 
than  two  horses,  but  for  most  work,  the 
writer  prefers  a  four-horse  snatch  team, 
worked  in  two  pairs.  Such  a  team  with  a 
limited  number  of  wagons  means  a  larger 
load  hauled  without  fatigue  to  the  wagon 
team,  and  with  a  large  number  of  wagons, 
it  frequently  happens  that  two  wagons  are 
loaded  at  about  the  same  time,  when  the 
four-horse  team  can  be  divided  into  two 
snatch  teams  and  the  two  loads  are  started 
to  the  dump  without  waste  of  time.  Then, 
too,  with  a  four-horse  team,  two  of  the 
horses  can  be  used  as  a  load  team  for 
the  plow,  having  only  two  horses  on  the 
plow  regularly.  Four  horses  may  be 
needed  on  the  plow  to  break  the  ground 
for  the  first  plowing,  but  the  second  time 
the  inaterial  is  plowed,  only  two  horses 
need  be  used,  dispensing  with  the  load 
team,  which  can  be  again  joined  to  the 
snatch  team. 

The  four-horse  snatch  team  is  well 
adapted  to  do  this  kind  of  work  when 
three  horses  are  used  on  the  wagons. 
Most  contractors  work  only  two  horses 
on  their  wagons,  and  the  writer  believes 
that  this  is  a  mistake.  Most  of  the  coal 
dealers  in  our  larger  cities  have  learned 
that  much  better  work  is  done  by  a  three- 
horse  team  than  with  two,  and  to-day  it  is 
a  common  sight  to  see  three  horses  hitched 
to  a  coal  wagon.  The  saine  principle  ap- 
plies to  a  contractor's  hauling.  In  keep- 
ing the  records  of  many  thousand  loads  of 
earth  hauled  in  bottom  wagons  of  1% 
and  2  cu.  yd.  capacity,  it  was  found  that 
the  average  load  hauled  with  two  horses 
was  1  cu.  yd.,  place  measurement.  With 
three  horses  even  with  a  2  cu.  yd.  ca- 
pacity wagon  a  load  from  1%  to  1%  cu. 
yd.  could  be  hauled  and  on  good  roads  or 
streets  with  a  larger  capacity  wagon  a 
larger  load  could  be  carried.  The  dead 
weight  would  remain  nominally  the  same, 
the  extra  load  being  entirely  of  the  ma- 
terial being  hauled.  The  increased  cost  is 
the  hire  of  an  extra  horse,  or  the  ex- 
pense of  feeding  and  caring  for  this  horse. 
Thus  with  the  cost  of  a  horse  at  $1.00 
per  day  and  a  driver  at  $1.50  per  day  the 
cost  of  a  three-horse  team  making  an  al- 
lowance of  25  cents  for  the  wagon,  is 
$4.75  against  $3.75  for  a  two-horse  team. 
Thus  with  a  two-horse  team,  hauling  10 
cu.  yds.  per  day,  at  a  cost  of  37.5  cents 
per  yard,  a  three-horse  'team  will  haul  15 
cu.  yds.  at  a  cost  of  31.Y  cents  per  cu.  yd. 
Another  important  itein  in  connection 
with  hauling  is  the  keeping  up  of  the  run- 
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ways  and  roads.  In  carlli  excavation  the 
iicRlcct  of  the  runway  means  to  quickly 
increase  the  cost.  Some  years  ago  the 
writer  made  an  experiment  to  obtain  what 
effect  this  would  have  on  the  cost  exca- 
vation. On  two  runways  of  less  than  1.000 
feet  one  of  the  runways  was  maintained 
in  good  condition  for  a  month,  while  the 
second  one  did  not  have  any  work  done 
on  it.  The  excavation  on  the  runway  that 
was  kept  in  order  was  done  for  3  cents  per 
cu.  yd.  less  than  the  other. 

Dump  wagon  manufacturers  arc  huild- 
ing  wagons  to  go  over  rough  ground  with- 
out upsetting  or  making  it  hard  on  the 
team,  and  this  is  necessary,  for  wagon? 
frequently  have  to  go  over  plowed  ground 
and  uneven  places  to  be  loaded  or  to  get 
into  the  road  or  runway,  but  this  is  not 
an  excuse  to  make  them  always  go  over 
rough    ground. 

If  a  large  number  of  wagons  are  not 
being  used  over  a  runway,  and  the  ground 
is  neither  very  sandy  or  wet,  it  will  be 
possible  to  keep  up  the  road  at  a  small 
cost,  but  under  some  conditions  it  is  out 
of  the  question  to  attempt  to  maintain  a 
dirt  road  under  such  circumstances,  for  a 
temporary  road,  boards  can  be  laid  down 
cro&sways  and  the  wagons  can  travel  over 
them.  Unless  the  ground  is  very  wet,  or 
much  rain  falls,  it  is  not  necessary  to  lay 
down  a  stringer  or  sleeper  to  which  the 
boards  can  be  fa.stened,  but  the  boards 
can  be  laid  directly  on  the  ground.  Some 
kind  of  soft  wood  is  better  for  this  pur- 
pose than  a  hard  wood,  as  with  a  soft 
fibrous  wood,  the  boards  quickly  splinter 
on  the  exposed  surface  from  the  traffic, 
making  a  soft  mat  upon  which  a  horse  can 
obtain  a  good  foothold  in  climbing  a  grade. 

For  longer  roads,  and  especially  a  piece 
over  which  many  wagons  will  travel  for  a 
long  period  of  time,  it  is  often  advisable 
to  build  a  regular  macadam  road.  The 
metal  roadbed  need  not  be  very  wide  as 
only  the  loaded  teams  will  keep  on  the 
metal  part  of  the  road,  the  empty  teams 
pulling  out  onto  the  dirt  to  pass.  Such 
a  macadam  road  need  not  be  more  than  C 
or  10  feet  wide.  Such  a  road  should  be 
maint.-iined  in  a  first-class  condition. 

.Nnothcr  method  of  constructing  long 
runways  that  are  to  be  used  for  some  time 
is  to  lay  down  light  channel  bars  of  steel 
as  a  track  for  the  wheel  on  each  side  of 
the  wagon.  This  leaves  a  dirt  path  for 
the  horse  to  walk  upon,  but  a  very  large 
load  can  be  easily  carried  on  the  wagon. 
Such  tracks  have  been  used  very  success- 
fully. The  channel  must  be  well  con- 
nected and  at  the  joints  it  is  generally 
necessary  to  support  tlirm  in  some  man- 
ner. 

One  objection  to  the  use  of  three  horses 
in  a  wagon,  is  that  extra  room  on  the 
road  or  runway  is  needed  for  the  third 
horse,  and  at  times  this  does  preclude  Ihe 
use  of  three  horses,  but  in  many  cases 
there  is  ample  spacj.  This  is  so  on 
streets.  In  city  work  it  is  nearly  always 
prmiMf    to    use    a    larger    w.iRon    than    on 


country  roads  as  the  hauling  imnti  m  .1 
team  is  greater  on  smooth  pavements  than 
on  rough  roads.  This  is  illustrated  by  the 
fact  that  for  use  in  cities,  wagons  have 
been  built  with  a  capacity  of  12  cu.  yds 
struck  measure,  to  be  drawn  by  three 
horses.  Such  a  load  couhl  not  be  hatdcd 
by  the  same  number  of  horses  on  work 
in  the  country.  For  city  use  wagons  with 
springs  on  them  means  that  the  loads 
are  carried  over  rough  paving  without 
spilling,  and  that  much  of  the  noise  is 
eliminated.  This  is  not  .so  necessary  for 
country  work,  yet  springs  of  the  proper 
kind  on  any  wagon  meant  for  heavy  haul- 
ing, means  that  the  load  is  not  so  rack- 
ing to  the  running  gear  and  also  makes 
the  draft  of  the  wagon  easier. 

There  is  nothing  more  impurtant  in  a 
wagon  than  .1  light  and  easy  draft.  Not 
only  are  springs  an  aiil  in  this,  but  also  a 
short  wheel  base,  and  well-fitting  Iwxes 
in  the  wheels.  In  this  connection  the 
wheels  should  be  lubricated  with  a  good 
grade  of  grease  or  a  lubricant  that  does 
not  dry  out  quickly.  A  too  rigid  wagon 
tongue  effects  the  draft  of  wagon,  by  in- 
Icrfcrring  with  the  easy  action  of  the 
horses,  especially  in  pulling  up  a  heavy 
grade.  This  is  important  likewise  in  us- 
ing a  snatch  team.  The  snatch  team 
should  not,  if  it  is  possible  to  do  other- 
wise, be  hitched  to  the  tongue  of  the 
wagon.  If  it  is  hooked  to  the  tongue,  it 
should  nut  be  to  the  end  of  the  tongue, 
but  to  a  ring  fastened  under  the  tongue  a 
foot  or  so  back  from  the  front  end.  A 
better  arrangement  is  to  have  a  long  rod 
fastened  under  the  double  tee,  and  run  out 
under  the  tongue,  being  held  up  by  a  long 
link  at  the  front  of  the  tongue.  The  rod 
should  be  about  (•  inches  shorter  than  the 
tongue.  It  is  a  fact  that  these  rods  are 
easily  broken,  but  they  pay  for  themselves 
in  the  wear  and  tear  saved  the  wagons 
and  the  greater  ease  with  which  the  horses 
will  do  their  work.  A  long  chain  under 
the  Inngue  should  not  be  used  with  a 
snatch  team  as  it  is  very  liable  to  injure 
the  wheel  horses.  A  snatch  team  should 
always  be  hitched  as  close  to  the  wagon  as 
possible. 

The  dumping  of  the  wagon  and  the 
character  of  the  dump  upon  which  it  is  to 
be  used  is  often  the  determining  factor  in 
deciding  upnn  the  type  of  wagon  to  be 
purchased.  We  have  previously  stated  in 
this  series  of  articles  that  for  the  conveni- 
ence of  considering  them,  we  have  di- 
vided wagons  into  three  classes  or  types: 
(I)  Bottom  Dump:  (2)  End  Dump:  (3) 
.Special  Dump.  The  niaiuifaclurers  of  both 
of  the  two  first  cl,•|•)^e^  claim  that  each 
type  can  do  the  same  work  done  by  the 
other  type,  and  under  same  circmnslances 
this  is  true,  yet  the  discerning  contractor 
knows  that  each  class  has  its  limitations. 
On  flat  embankments  or  fills  the  bottom 
dump  wagon  is  generally  used.  The  load 
being  dumped  while  the  wagon  is  in  mo- 
tion stretches  the  earth  out  over  a  space 
about    one   and    a    half    times    as   long  as 


till  in*\  lit  itie  w.tgiin  i>  .'V^  ,1  rule  the 
earth  must  he  spread  out  in  layers  either 
by  means  of  men  with  shovels  or  by  some 
kind  of  spreading  machine  H"tlom  dump 
wagons    are    adapted    to    Ihi  of 

such  embankments,  and  most  '  nts 

can  be  built  in  this  manner,  but  there  are 
occasions  when  it  is  necessary  to  build- 
ing embankments  by  end  dumping  from  the 
finished  grade  of  the  liank,  or  by  back 
dumping.  For  work  of  this  character,  end 
dump  wagons  are  suited  However,  the 
embankment  must  be  wide  enough  for  the 
team  to  turn  on  it.  but  with  the  front 
wheels  turning  under  Ihe  wagon  l)ody,  a 
team  can  be  turned  within  its  own  length. 

In  dumping  on  scows  a  bottom  dump 
wagon  can  be  used,  but  it  is  easier  on  the 
horses  and  the  scow  can  lie  loaded  Ijctter 
with  an  end  dump  wagon.  Scows  though 
are  sometimes  loaded  by  means  of  chutes 
and  platforms  when  it  is  not  possible  to 
drive  the  wagon  onto  the  scow.  For  this 
purpose  an  end  dump  wagon  is  suited,  as 
it  can  be  backed  up  to  a  chute  and  the  load 
dumped  directly  into  it,  while  with  a  bot- 
tom dump,  the  platform  must  be  built  out 
over  the  chute  and  the  load  dumped  into  a 
trap.  This  means  that  cither  the  angle 
of  the  chute  must  be  flattened  or  else  an 
expensive  framework  must  be  built  out 
over  the  dock  beyond  the  wharf  or  pier 
line.  In  dumping  through  traps  either 
bottom  or  end  dump  wagons  can  Ik-  used. 
Likewise  when  trestles  are  used  to  dump 
from,  either  type  of  wagon  can  be   used. 

When  material  is  to  be  placed  in  stock- 
piles, either  end  or  Inittom  dump  wagons 
can  be  used  when  it  is  possible  to  take 
the  wagon  on  top  of  the  stock  pile.  When 
this  is  not  feasible,  other  methods  for 
handling  the  material  must  be  employed. 
One  is  to  dump  into  a  hopper  or  bin 
from  which  a  conveyor,  of  some  style, 
takes  the  material,  elevating  it  and  dump- 
ing it  into  the  pile.  Or  the  load  can  be 
dumped  into  a  skip  and  then  <lumprd  ontu 
the  pile  with  a  derrick  or  cableway.  To 
facilitate  such  work  there  has  been  in- 
vented several  style.i  of  special  dump 
wagons. 

One  of  these  is  the  invention  of  George 
Perrine  and  D.  I..  Hough  of  New  York 
and  has  been  used  in  the  building  of  the 
Pennsylvania  R.  R.  tunnels  under  New- 
York  city.  The  invention  is  a  large  der- 
rick skip  made  in  two  sections,  fastened 
together  by  a  hinge  at  the  lop  at  each 
end  anil  by  n  Inteh  at  each  end  near  the 
bottom.  These  skips  are  mounted  on  car 
trucks  in  the  timnel  and  are  loaded  with 
earth  or  rock  They  are  the  l>ody  of  the 
cars  in  the  tunnel.  When  run  to  the  shaft 
they  are  either  raised  to  a  platform  al>ove 
the  street  level  by  means  of  a  cage,  when 
the  car  trucks  and  all  are  raised,  or  else 
the  skip  is  raised  through  an  open  shaft, 
there  being  either  guard  timl>ers  or  rails 
to  prevent  it  butting  against  the  sides  of 
Ihe  shaft.  On  the  street  level  the  skip  is 
placed  on  a  wagon,  it  be>-oming  a  wagon 
iKidy     To  handle  the  skip  a  short  I  beam 
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hanger  is  used  with  two  short  chains  on 
each  end  of  the  beam,  to  be  hooked  to 
the  skip.  Such  a  hanger  is  used  on  the 
hoister  at  the  shaft  and  also  on  the  der- 
rick at  the  dump.  At  the  dump  the  skip 
is  dumped  on  scows  by  a  derrick,  thus 
saving  a  dumping  platform.  A  light  rope 
must  be  used  to  trip  the  skip  in  dumping. 
With  such  a  skip  or  wagon  body  material 
by  means  of  •  derricks  or  cableways  can 
be  stored  in  high  stock  piles.  These  skips 
are  raised  from  the  wagon,  dumped  aboard 
the  scow  and  placed  back  upon  the  wagon 
in  30  seconds.  From  the  time  that  a  team 
arrives  at  the  dock  to  the  time  that  it 
leaves  is  only  1%  minutes,  while  in  the 
ordinary  method  a  much  longer  time  is 
consumed.  The  skip  will  not  dump  until 
it  is  tripped  even  with  the  catches  open, 
as  the  weight  of  the  load  and  the  loca- 
tion of  the  supporting  chains  prevent  it. 
The  latches  are  unhooked  before  the  skip 
leaves  the  wagon.  The  capacity  of  the 
skip  was  3  cu.  yds. 

Any  derrick  skip  or  dump  bucket  can  be 
loaded  onto  a  wagon  in  the  same  man- 
ner and  hauled  to  the  dump,  there  to  be 
dumped  by  means  of  a  derrick  or  cable- 
way. 

In  building  tlie  Illinois  tunnels  in  Chi- 
cago the  Newman  dump  wagon,  invented 
by  Wm.  J.  Newman,  was  used  to  carry 
the  spoil  to  the  dump,  where  the  material 
was  stored  in  large  stock  pile,  to  be  used 
later  in  land  reclamation.  The  body  of  the 
wagon  was  a  square  box  made  of  steel 
and  was  picked  up  from  the  running  gear 
by  a  derrick  and  raised  over  the  stock 
pile,  where  the  bottom  of  the  box  dropped 
down,  being  held  by  a  number  of  chains, 
thus  spilling  the  load.  It  is  stated  that 
this  wagon  has  done  very  successful  work, 
and  has  saved  money  over  other  methods. 
In  addition  to  these  wagons  there  are 
some  others  that  can  be  classed  under  the 
head  of  special  dumps,  as  the  Cator  dump 
wagon,  which  dumps  on  the  side,  the  Turn- 
turtle  wagon,  which  flops  over  dimiping  the 
load,  the  Bergen  Point  wagon,  which  needs 
a  special  dumping  machine  at  the  dump, 
and  the  Tippin  four-bucket  steel  dumping 
wagon.  Each  of  these  wagons  will  be  de- 
scribed later  in  this  series  of  articles. 
(To   be    continued.) 


The  Government  of  the  Philippine  Is- 
lands has  organized  a  "Bureau  of  Public 
Works"  and  in  this  bureau  a  Division  of 
Irrigation.  An  annual  appropriation  of 
750,000  pesos  is  provided  for  the  surveys, 
plans  and  construction  of  irrigation  works, 
and  surveys  are  now  in  progress.  The  Gov- 
ernor of  the  islands  has  applied  for  the 
services  of  a  consulting  engineer  from  the 
U.  S.  Reclamation  Service,  and  an  effort 
will  be  made  to  detail  a  competent  engineer 
from  that  Service  at  the  proper  time,  at  the 
expense  of  the  Philippine  Islands. 


A  Contractor's  Gasoline   Locomotive. 

.\  new  departure  in  a  contractor's  loco- 
motive, or  dinkey,  has  recently  been  made 
by  the  Ernst  Wiener  Co.,  of  59  Church 
street,  New  York.  Instead  of  using  steam, 
a  4-c}'linder  gasoline  engine  is  used. 

The  accompanying  illustration  shows  the 
locomotive  and  it  is  seen  that  it  is  simple 
in  construction.  The  trucks  are  made  up 
of  the  Wiener  standard  one-piece  6-in. 
channel  frame  and  the  standard  roller 
bearing  and  draft  gear.  The  height  is 
not  quite  5  ft.,  while  the  length  is  about 
9  ft.  The  engine  shown  is  for  a  24-in. 
gauge  track,  and  weight  5,000  lbs.  The 
motor  is  a  Brownell,  35-hp.  water-cooled 
type,  manufactured  at  Rochester,  N.  Y. 
The  power  is  applied  to  the  rear  wheels 
by  chains  and  transmitted  by  a  sprocket 
chain  to  the  front  wheels,  all  the  wheels 
being   14  in.   in   diameter.     The  locomotive 


the  work  of  the  men,  .^s  the  machine  is 
less  than  5  ft.  high,  it  can  also  be  used 
in  small  tunnels  that  would  not  admit  of 
a  larger  machine  being  used.  It  should 
have  an  extensive  use  in  sewer  tunnels. 
Owing  to  its  light  weight,  only  2%  tons, 
it  can  be  hauled  over  rough  roads  into  out 
of  the  way  sections  of  the  country,  where 
it  would  be  difficult  for  contractors  to 
carry  a  heavy  steam  locomotive. 

This  machine  will  no  doubt  be  quite 
useful  for  hauling  concrete  and  other  sup- 
plies, as  lumber  and  structural  steel, 
around  large  structures.  Also  on  sewer 
jobs,  where  horses  are  now  used.  With 
industrial  railways  to  serve  materials  this 
locomotive  will  no  doubt  be  found  useful. 

Use  for  it  will  aso  be  found  on  wagon 
toad  construction  and  in  quarries  for  haul- 
ing stone  from  the  quarry  to  the  crusher. 
One  road  contractor  near  Rochester,  N.  Y.. 
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Contractors'   Dinkey  Operated   by   Gascline   Power. 


The  average  daily  number  of  laborers 
actually  employed  in  the  Isthmian  Canal 
work  in  December  was  13,694. 


is  said  to  have  a  speed  of  from  3  to  12 
miles  an  hour  and  can  climb  a  5  per  cent 
grade.  The  gasoline  tank  is  under  the 
driver's  seat  and  has  a  capacity  of  20  gal- 
lons, but  its  hourly  consumption  is  stated 
to  be  one  gallon,  giving  a  hauling  power 
of  25  tons. 

Within  easy  reach  of  the  driver  is  the 
sparking  plug,  the  reverse  lever  and  the 
lever  to  control  the  speed,  and  a  quick- 
acting  brake.  To  pull  out  the  sparking 
plug  means  to  stop  the  engine  at  once. 
The  driver  has  ready  control  of  the  ma- 
chine, and  the  work  is  no  harder  than 
running  an  automobile.  .\  sand  box  with 
an  ample  supply  of  sand  is  also  furnished 
on  the  locomotive.  The  vibration  is  taken 
up  by  springs  on  the  trucks  and  the  ex- 
haust gives  off  but  little  smoke. 

The  uses  of  such  a  machine  are  many. 
For  hauling  trains  of  dump  cars  in  con- 
nection with  steam  shovel  work  is  will  do 
the  same  work,  with  the  advantage  that  in 
spotting  cars  on  an  ascending  grade,  the 
smoke  will  not  interfere  with  the  signals 
of  the  man  spotting  the  cars.  It  can  also 
be  used  to  haul  muck  from  a  tunnel,  as 
it   will   not   make   smoke   to  interfere   with 


during  the  past  summer,  has  used  one  of 
these  gasoline  locomotives  for  this  purpose 
and  found  it  very  economical.  He  stated 
that  with  wagons  this  hauling  cost  him 
29  cts.  per  cu.  yd.  per  mile,  while  with  this 
engine  he  did  it  for  11  cts.  per  cu.  yd.  per 
mile,  thus  saving  18  cts..  a  considerable 
item. 

The  Wiener  Co.  build  this  locomotive 
for  24  in.,  36  in.,  and  48  in.  gauge  and  of 
several  different  horsepower. 


.According  to  the  report  of  tlie  Chairman 
of  the  Isthmian  Canal  Commission  the 
grand  total  of  excavation  for  December 
was  3,315,867  cu.  yds.,  of  which  1,897,720 
cu.  yds.  were  removed  by  steam  shovels 
and  1,418,147  cu.  vds.  bv  dredges. 


The  third  barrage — the  Esnah  barrage — 
for  controlling  the  water  level  in  the  River 
Nile  was  officially  declared  in  service  on 
Feb.  9.  The  new  barrage  is  situated  a  dis- 
tance by  river  of  102  kilometers  north  of 
the  Assouan  barrage,  and  stretches  across 
the  Nile  at  a  height  of  9.2  meters  above 
low  water  mark.  It  is  900  meters  long, 
pierced  by  120  doors  with  locks. 


February   17,   1909. 
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Roads  and   Streets  Section 


Note:  This  Section  is  devoted  to  methods  and  costs  of  road  and  street  con- 
struction. It  will  cover  road  biiiUlini;  in  all  its  dctiiHs,  the  conslructlon  of 
pavements,  siilcwalks  and  j;iitlcr>,  Ilic  Ic>tlnK  and  um;  of  paving  ninlcrials  and 
the  niachiniTN  aiul  lool.s  umiI  in  r<Mil  building  and  pavinj;. 


The  Maintenance  of  Roads  and  Pave- 
ments by  European  Countries.* 
It   U..11IJ   be  ni-i  i.\.i,k;v;cralii'ii  in  n;i\    tliat 
the  highway  system  of  I'rancc  is  probahly 
tin-   finest   in  the  world.     Its   foinid.ition   is 
tliat   of  the   Roman   roads,  most  of  which 
are  still   in  use  as  they  were  laid  out  and 
liiiilt    when   Gaul   was   a   Roman   province. 
This   system   is   described   in  a   paper   pre- 
sented by  M.  Renardicr,  Enginccr-in-Chicf 
des    Fonts   et    Chaiissees   at    Orleans,    and 
is  made  up  of  five  classes,  namely :  national 
roads,  departmental   roads,  roads  of  great 
travel,  roads  of  common  interest  and  ordi- 
nary   cross    roads,    aggregating    in    length 
•  l-Vi.iKlO  miles.     The  national   roads,  having 
a  total  length  of  some  18,000  miles,  belong 
to  the  State  and  are  maintained  and   im- 
proved at  national  expense.     They  are  de- 
signed   especially    for   long   distance    com- 
munication,   and   are   usually    of   generous 
width.     In  some  cases  these  roads  are   100 
ft.  wide  between  the  side  ditches,  but  their 
usual  width  is  from  25  to  4.5   ft.,  while  in 
mountainous     regions    this    is    reduced    to 
15M!   and   14   ft.,  and  in  some  cases  to  12 
ft.      These    national    roads    are    the    ones 
centrally    followed    by    motor    cars.      The 
■  Icpartmcntal  roads  have  a  length  of  some' 
•'.000  miles,  and   roads  in  this  classification 
.ire   constantly   being    reduced    in    mileage. 
Their  width   varies   from   about   37    ft.    to 
22    It.,    while    in    hilly    districts    they    are 
about    15    ft.    in    width.      Roads    of    great 
travel    and    of    common    interest    are    the 
property  of  the  communes  through  which 
they  pass,  and  the  expense  of  their  mainte- 
nance   is    supposed    to    be   borne   by    these 
communes,    although    the    departments    al- 
low  subsidies   which   materially  lighten  the 
burdens  upon  the  communes.     The  length 
of    these    two    classes,    namely,    roads    of 
vreat    travel    and   of   common    interest,    is 
now   about   152,000  miles.     The  widths   of 
■he  roads  of  great  travel  vary  from  28  ft. 
to  18.5  ft.,  while  the  roads  of  common  in- 
terest  are   from   25   ft.   to  9    ft.   in   width, 
the   smallest    width    being    used    in   moun- 
tainous districts.     The  fifth  class,  or  ordi- 
nary  cross    roads,   are   strictly    communal, 
and  the  cost  of  their  maintenance  is  paid 
by  the  communes,  although  the  State  and 
the   departments   assist    in    their   construc- 
tion.    These  roads  are  designed  especially 
to   serve   the    interests   of   agriculture,   and 
they    aggregate      some      ITfi.OOO      miles    in 
length. 

While  the     widths     of     roads  as   given 
above  varv-  greatly,  the  extremes   arc  due 


•From  a  report  on  the  First  International 
Road  Congress  submitted  to  the  Board  o! 
Estimate  and  Apportionment  of  New  York 
City  !)>■  Its  Chli'f  Engineer,  Nelson  P.   Lewis. 


to  exceptional  conditions,  but  the  general 
width  of  well  traveled  roads  is  about  18V4 
ft.,  which  is  sufficient  for  two  carriages  to 
pass  without  reducing  speed.  Less  fre- 
quented roads  are  usually  given  a  width  of 
15.5   ft. 

In  their  alignment  the  French  roads,  es- 
pecially the  older  national  roads,  are  very 
straight.  The  Roman  roads  which  some 
of  them  follow  appear  to  be  laid  out  as 
the  shortest  possible  distance  between  their 
termini,  while  the  former  practice  of  lay- 
ing out  roads  was  to  run  them  "from 
steeple  to  steeple."  The  result  is  that  they 
not  only  lack  the  picturesque  beauty  of 
the  winding  roads  of  other  European  coun- 
tries, but  the  grades  of  many  of  them  are 
unnecessarily  steep.  Through  level  dis- 
tricts the  grades  of  the  national  and  de- 
partmental roads  seldom  exceed  2V6  per 
cent,  while  in  rolling  and  hilly  districts 
they  sometimes  reach  10  per  cent,  and  on 
some  of  the  older  national  roads  15  and 
even  17  per  cent.  The  cross  country  roads 
generally  have  grades  of  less  than  5  or  C 
per  cent,  while  in  hilly  districts  these  rise 
to  8  and  10  per  cent. 

The  minute  attention  given  to  drainage 
and  other  details  of  construction  and  the 
extreme  care  with  which  the  roads  are 
maintained  are  impressive  to  one  accus- 
tomed to  what  must  be  admitted  to  be  the 
slovenliness  of  American  practice  in  these 
particulars.  The  side  ditches  are  gener- 
ally 5  ft.  wide  at  the  top.  about  20  in.  in 
depth  and  20  in.  wide  at  the  bottom,  and 
are  usually  protected  by  parapets  of  20  in. 
to  2  ft.  in  height,  constructed  of  earth, 
sod  or  masonry. 

Tree  planting  is  made  a  prominent  fea- 
ture of  the  French  highways,  and  it  is 
said  that  42  per  cent  or  nearly  half  of  the 
national  roads  are  so  planted,  although 
this  practice  does  not  prevail  to  such  an 
extent  on  roads  of  other  classes,  as  their 
width  is  not  sufficient  to  permit  it. 

The  French  highway  system  has  been 
an  evolution.  The  work  of  construction 
and  maintenance  is  entirely  under  the  con- 
trol of  the  Engineers  of  Bridges  and 
Roads,  a  thoroughly  trained  corps  of  tech- 
nical men  constituting  what  is  probably  the 
greatest  engineering  organi/alifin  in  the 
world.  .All  of  the  roads  in  commune,  de- 
partment or  city  arc  under  their  jurisdic- 
tion. There  is  no  conflicting  authority,  no 
diversity  of  policy  or  method  in  contigu- 
ous departments  or  communes.  The  re- 
sults have  been  so  striking  that  the  na- 
tionalization of  highway  work  has  lately 
been  advocated  in  Great  Britain.  This 
|)olicy  is  in  marked  contrast  to  that  pre- 
vailing  in   this   country,   and   especially   in 


■'■le  city  of  New  York,  where  in  five  bor- 
thcre  are  five  distinct  highway  bu- 
enlirely    independent    of   each   other, 
'  :ich  one  of  which  has  its  own  organiza- 
lon,    its    own    methods    of    administration 
ind     its     own     standards  of  work.     The 
Ircnch  system  of  nationalization  might  not 
•   adapted    to   the   conditions   existing    in 
this  country,  but  that  system  has  resulted 
in  France  in  the  best  built  and  perhaps  the 
most    thoroughly    maintained    highways    in 
the  world,  while  in  this  city  there  is  palpa- 
ble waste  of  energy,  material  and  money, 
and  the  results  are  by  common  consent  un- 
satisfactory.    This   is   not    intended    as   a 
condemnation  of  what  we  do  at  home  and 
an  exaltation  of  what  is  done  abroad.     We 
have   heard  quite  enough   of  that.     Street 
maintenance    in    Paris,   as    will    be    shown 
later,    is    expensive,    although    it    is    very 
thorough,    while    some    excellent    work    is 
being  done  in  this  city ;  but  with  a  better 
organization,  more  ro-operation,  and  more 
intelligent  investigation,  vast  improvements 
could  be  effected. 

It  is  the  splendid  system  of  highways 
which  has  been  briefly  described  which  has 
contributed  largely  to  the  extensive  use  of 
motor  cars  in  France,  and  it  is  the  serious 
effect  of  this  new  method  of  locomotion 
upon  these  roads  which  was  so  apparent 
as  to  prompt  the  calling  of  the  First  In- 
ternational Road  Congress. 

Some  differences  of  opinion  appear  to 
have  lately  developed  among  the  French 
as  to  the  wisdom  of  the  old  policy  of  con- 
stant repairs,  or  the  "stitch  in  time"  meth- 
od. -As  a  substitute  for  this  it  has  been 
proposed  tlwt  the  roads  be  resurfaced 
when  required,  and  that  they  then  be  left 
alone  until  general  resurfacing  is  again 
needed.  This  plan  will  be  readily  recog- 
nized as  the  one  which  prevails  too  gener- 
ally in  this  countr>',  and,  so  far  as  I 
could  learn,  it  is  put  forward  chiefly  by 
members  of  automobile  clubs  who  fancy 
that  it  would  be  desirable  to  get  rid  of 
the  road  workman  with  his  cart  and  tools 
and  any  other  of  the  inconveniences  of  re- 
pair work,  so  that,  for  a  time  at  least,  there 
would  be  nothing  to  interfere  with  the  un- 
obstructed use  of  the  highways  and  the 
high  speed  of  automobiles. 

Few,  if  any,  of  the  French  engineers  ap- 
pear disposed  to  favor  this  change  from 
the  method  which  has  prevailed  many 
years.  It  has  been  estimated  that  the 
interval  which  would  elapse  between  such 
periodic  resurfacing  has  been  reduced 
fully  one-half  by  the  .-lutomobile. 

In  England  and  Wales  the  country  roads 
arc  divided  into  main  roads  and  district 
roads,  but  the  reason  for  the  classification 
with  respect  to  any  particular  road  is  not 
always  apparent.  Prior  to  1888  one-half 
the  cost  of  main  rivids  was  borne  by  the 
State,  but  since  that  time  there  have  been 
no  fixed  contributions  by  the  general  gov- 
ernment, and  the  burden  now  falls  upon 
the  various  counties  and  districts,  and  the 
demands    made    upon    them    are    in    many 
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cases  out  of  proportion  to  their  resources. 
Tlie  methods  of  administration  in  Eng- 
land are  in  marked  contrast  to  those  in 
France.  In  the  latter  country  there  is  a 
high  degree  of  centralization,  while  in 
England  and  Wales  there  are  nearly  1,900 
separate  boards  and  councils  having  juris- 
diction over  road  maintenance.  It  is  said 
that  within  15  miles  of  Charing  Cross, 
London,  there  are  90  local  road  authorities 
acting  independently  of  each  other,  and 
that  a  main  road  in  20  miles  may  pass 
through  territory  controlled  by  ten  differ- 
ent highway  authorities.  Concerted  ac- 
tion under  such  circumstances  is  mani- 
festly impossible,  and  while  during  the  last 
80  years  London  and  its  traffic  have  in- 
creased a  hundred  fold,  it  is  said  that 
within  that  period  no  new  main  road  has 
been  built  leading  out  of  the  city.  There 
is  no  uniform  organization  for  the  carry- 
ing out  of  improvements.  The  labor  is 
poorly  paid,  and  in  some  of  the  rural  dis- 
tricts employment  on  the  highways  is  con- 
sidered the  last  resort  before  the  work- 
house. Two  years  ago  there  were  nearly 
150,000  miles  of  roads  in  England  and 
Wales,  and  the  total  annual  expenditure 
for  highway  purposes,  including  install- 
ments on  debt  and  interest,  was  nearly 
$78,000,000,  but  how  much  of  this  was  ex- 
pended on  maintenance  and  how  much  on 
construction,  is  not  clear.  The  organiza- 
tion and  methods  followed  in  the  rest  of 
Great  Britain  are  so  similar  to  those  of 
England  and  Wales  as  to  require  no  sep- 
arate comment. 

In  Belgium  there  are  three  grades  of 
highways  known  as  state  roads,  provincial 
roads  and  conceded  roads,  all  of  which 
constitute  a  system  of  high  roads  called 
"La  Grande  Voirie,"  which  are  under  the 
control  of  the  Minister  of  Public  Works, 
while  the  remaining  roads  are  under  the 
jurisdiction  of  the  districts  which  they 
serve.  The  state  roads  constitute  nearly 
80  per  cent  of  the  main  roads  of  the  king- 
dom, and  the  expense  of  construction  and 
maintenance  of  them  is  borne  by  the  State. 
The  system  of  administration  is  highly 
centralized  as  in  France,  and  the  work  is 
entrusted  to  the  "Corps  des  Fonts  et 
Chaussees,"  a  bureau  of  which  is  located  in 
each  of  the  nine  provinces. 

Holland  has  a  Department  of  Roads 
which  exercises  jurisdiction  and  control 
over  the  main  highways.  These  are  di- 
vided into  three  classes,  imperial  roads, 
made  and  maintained  by  the  State ;  pro- 
vincial ro:.ds,  maintained  by  pirovincial 
taxation,  although  the  State  bears  about 
one-third  of  the  cost  of  new  construction; 
and  municipal  roads,  which  are  built  and 
kept  up  by  local  authorities. 

In  Germany  the  imperial  government  ex- 
ercises little  or  no  control  over  the  high- 
ways and  does  not  contribute  to  their  ex- 
pense. The  roads  are  under  the  jurisdic- 
tion of  the  different  states  or  kingdoms, 
although  in  Prussia  the  control  is  gen- 
erally   devolved    upon    provincial    corpora- 


tions, but  the  State  contributes  nearly  $5,- 
000,000  annually  for  the  maintenance  of 
the  main  roads.  For  the  five  years  from 
1900  to  1905  the  average  amount  expended 
for  construction  and  maintenance  of  high- 
ways in  Prussia  was  about  $8,500,000. 

The  road  policy  differs  in  the  different 
states  or  kingdoms ;  for  instance,  in  Sax- 
ony the  government  tries  to  have  each  lo- 
cality pay  for  its  own  roads,  although 
in  exceptional  cases  the  State  will  pay  a 
large  part  and  in  some  cases  all  of  the 
cost  of  a  new  road  for  through  traffic  if 
the  locality  will  furnish  the  land  required. 
The  burden  of  maintenance  falls  upon  the 
district.  In  Baden  the  State  pays  four- 
sixths,  the  commune  one-sixth,  and  the 
district  the  remaining  sixth  of  the  cost 
of  building  a  main  road,  while  the  expense 
of  the  subsequent  up-keep  is  met  one-half 
by  the  State,  one-fourth  by  the  commune, 
and  one-fourth  by  the  district.  The  com- 
munal roads  are  built  and  kept  in  repair  by 
the  commune,  and  disputes  as  to  the  duty 
of  a  commune  in  this  respect  are  settled 
by  the  courts. 

Austria  divides  its  highways  into  state, 
provincial,  district  and  municipal,  or  par- 
ish, roads.  The  administration  is  vested 
in  and  the  expense  imposed  upon  the  State 
or  the  political  division  indicated  by  the 
above' classification.  There  are  in  the  road 
system  of  Austria,  not  including  Hungary, 
some  71,500  miles  of  roads,  of  which  9,900 
miles  are  state  roads,  2,100  provincial, 
37,000  district,  and  22,.j00  municipal,  or 
parish.  The  annual  cost  to  the  imperial 
government  of  keeping  up  the  State  roads 
in  lower  Austria  is  said  to  average  about 
$130  per  mile. 

Switzerland  has  an  excellent  highway 
system  and  a  very  efficient  and  economical 
administration,  although  entirely  decen- 
tralized. The  federal  government  assumes 
no  duties  and  bears  no  part  of  the  burden 
except  that  a  contribution  is  made  for  cer- 
tain roads  which  are  considered  interna- 
tional in  character.  The  government  can 
remonstrate  with  the  authorities  of  a  can- 
ton if  they  neglect  their  roads  and  can 
withhold  contributions  which  might  be 
made  to  that  canton  for  international 
roads.  The  work  generally  is  in  charge 
of  competent  officials  and  well  trained  en- 
gineers. The  limited  authority  of  the  cen- 
tral government  is  believed  to  impair  the 
efficiency  of  the  highway  work. 

In  Italy  the  highways  are  classified  in 
the  same  manner  as  in  most  other  conti- 
nental countries.  The  national  roads  are 
under  the  direction  of  a  Department  of 
Bridges  and  Roads  and  of  the  Corps  of 
Royal  Engineers  attached  to  the  Ministry 
of  Public  Works.  Admission  to  this  En- 
gineer Corps  is  through  competitive  exami- 
nation. The  portions  of  national  or  pro- 
vincial roads  within  the  limits  of  cities  or 
villages  are  maintained  by  the  locality,  but 
the  central  government  or  province  pays 
to  the  local  authority  sums  representing  the 
cost    of    maintaining    an    equal    length    of 


road  within  the  limits  of  the  town.  In 
1904  the  total  expense  of  maintenance 
alone  on  Italian  roads  is  said  to  have  been 
nearly  $8,500,000. 

Spain  divides  its  roads  into  first,  second 
and  third  class,  which  are,  respectively, 
built  and  maintained  by  the  State,  prov- 
ince or  municipality.  The  first  class 
roads  are  generally  25  ft.  in  width,  sec- 
ond class  roads  22  ft.,  and  third  class 
roads  about  18%  ft.  All  plans  of  proj- 
ected roads,  after  approval  by  the  local 
authorities,  are  forwarded  to  the  Minister 
of  the  Interior,  who  determines  the  class 
to  which  they  shall  be  assigned.  The  Span- 
ish road  system  consisted  in  1905  of  about 
23,800  miles,  and  the  total  expenditure 
for  construction  and  maintenance  dur- 
ing that  year  was  about  $7,400,000. 

Further  data  upon  this  subject  is  avail- 
able, but  it  seems  unnecessary  to  include 
it  in  this  report.  The  system  commonly 
in  use  is  characterized  by  centralization 
of  authority  and  responsibility,  and,  gen- 
erally speaking,  the  greater  the  degree  of 
centralization  the  more  satisfactory  the 
results,  although  Switzerland  appears  to  be 
a  conspicuous  exception  to  this  rule. 

In  Australia  and  Canada  the  system  so 
familiar  in  this  country  prevails,  that  is, 
everything  is  left  to  the  local  authorities, 
the  central  government  exercising  no 
authority  or  control.  In  the  United  States 
the  Department  of  Agriculture  has  estab- 
lished an  office  of  Public  Roads,  but  its 
functions  are  chiefly  educational  and  it 
might  be  called  an  intelligence  office  for 
the  dissemination  of  information  concern- 
ing highways.  This  office  has  a  technical 
staff  whose  duty  it  is  to  build  experimental 
roads  and  to  direct  road  operation  in  com- 
munities where  there  is  no  proper  organiza- 
tion for  this  purpose  and  where  good 
roads  are  considered  a  valuable  object  les- 
son. 

While  the  highways  of  the  macadam  type 
and  the  effect  of  the  modern  motor  car 
upon  them  were  the  questions  most  dis- 
cussed at  the  Congress,  the  general  sub- 
ject of  city  pavements  was  also  consid- 
ered and  was  the  subject  of  a  number  of 
reports,  and  the  observations  which  the 
writer  was  enabled  to  make  are  of  at  least 
equal  interest  to  the  city  of  New  York. 
That  the  automobile  has  little,  if  any. 
effect  upon  the  permanent  city  pavement 
was  the  general  opinion  of  those  who  con- 
tributed to  the  papers  and  discussions. 
As  stated  by  M.  Mauhieu ;  "On  paved 
roadways  the  action  of  swift  cars  seems 
to  have  no  effect  on  the  wear  of  materials, 
and  it  is  evidenced  only  by  the  production 
cf  a  little  dust."  One  contributor,  how- 
ever, maintained  that  pavements  of  every 
description  were  seriously  damaged  by  mo- 
tor cars. 

A  brief  description  of  the  pavements  of 

the  city  of   Paris,   the  materials   used,  the 

character    of    their    maintenance,    and    the 

cost  of  the  service  may  be  of  interest. 

On  Jan.   1,  1908,  the  area  of  the  differ- 
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c-iit  kinds  of  pavements  in  the  city  was  as 
inllows : 

Sq. 
Yds. 
Stone  pavements    .  il,726,100 

Wood  pavements   2,404,900 

Macadam   pavements    1,399,.')00 

Asphalt   pavements  ...    .  495,200 


Total    11,085,700 

The  larHc  area  of  stone  pavements  and 
the  •imall  amntmt  of  asphalt  is  surprising. 
The  principal  streets  and  Ixnilevards  are 
now  paved  with  wood,  which  seems  to  be 
the  popular  pavement  of  the  day  in  Paris. 
While  the  first  asphalt  to  be  laid  upon  a 
street  in  Paris  was  put  down  in  I800,  the 
irea  of  this  kind  of  pavement  had  in  20 
vears  from  that  date  reached  but  310,314 
<q.  yds.,  and  it  was  only  49.5,200  sq.  yds. 
^it  the  beginning  of  the  present  year.  The 
increase  in  the  area  of  asphalt  pavement 
has  been  but  tJO  per  cent  in  the  past  33 
-.ears.  During  the  last  12  years  the  in- 
crease was  but  12  per  cent,  and  during  the 
preceding  12-year  period  20  per  cent.  In 
striking  contrast  has  been  the  development 
of  wood  pavement.  Early  attempts  to  use 
this  material  resuhcd  in  failure,  but  in 
1881  with  a  new  process  of  treatment  suc- 
cess was  attained  and  so  popular  did  this 
type  of  pavement  become  that  at  the  be- 
ginning of  the  year  1908  the  area  of  wood 
pavements  in  Paris  had  reached  nearly  2,- 
500,000  sq.  yds.  During  the  last  12  years 
this  area  has  doubled  and  in  the  preceding 
12  years  it  had  increased  2C0  per  cent.  The 
n'^phalt  pavements  arc  of  the  type  known 
in  .America  as  rock  asphalt,  and  though 
the  kind  of  asphalt  pavement  in  general 
use  in  this  country  was  tried  in  Paris  in 
1900  with  very  satisfactory  results,  it  has 
not  come  into  general  use.  The  cost  of 
these  pavements  in  Paris  is  from  $2.87  to 
$3.12  per  sq  yd.,  including  a  concrete 
foundation  about  6  in.  in  thickness.  The 
contracts  include  no  guarantee  for  current 
maintenance,  the  annual  expense  of  which 
is  very  little,  while  the  total  estimated  an- 
nual cost,  including  cleaning  and  a  renewal 
of  the  asphalt  surface,  in  about  12  years, 
ippcars  to  be  approximately  33  cts.  per 
■'I-  .vd. 

The  wood  pavements  are  made  for  the 
most  part  of  native  pine  from  the  Landes, 
a  department  of  southwestern  France, 
though  some  Baltic  or  other  northern  fir 
is  used.  The  French  engineers  maintain 
that  very  hard  native  or  foreign  woods 
crush  the  foundation  and  give  unsatis- 
factory results,  and  this  conclusion  ap- 
pears to  have  been  reached  after  a  long 
investigation  and  considerable  discussion 
as  to  the  merits  and  availability  of  exotic 
woods  of  various  kinds.  A  brief  resume 
of  the  investigations  made  as  to  the  availa- 
bility of  the  harder  woods  and  the  con- 
siderations which  led  to  their  abandon 
ment  is  given  in  a  paper  by  M.  Tur,  En- 
gineer in  Chief  of  Bridges  and  Roads,  and 
Assistant     to     the      Inspector    General    in 


charge  <if  the  I'ublic  HiKhways  and  Light- 
ing Service  of  the  cily  1.1  f'.iri-.  from 
which  I  quote  the  following' 

"The  first  wood  pavemellI^  su.■..>^lnlly 
laid  in  Paris  made  use  of  the  northern  fir 
or  the  pitch  pine.  Since  188C  the  pine  of 
the  Landes  has  come  into  general  use,  and 
today  the  use  of  this  wood  has  become 
almost  exclusive. 

"In  the  pine  of  the  Landes  two  kinds  of 
wood  arc  found,  those  from  which  the 
resin  has  been  extracted  from  the  trunk 
of  the  standing  tree  and  those  which  have 
not  undergone  this  process,  which  has  the 
effect  of  rendering  the  lower  part  of  the 
trunk  through  which  the  resin  runs  out, 
denser  and  harder  than  the  upper  part; 
it  is  this  lower  part  which  furnishes  the 
wood  used  in  constnicting  the  best  pave- 
ments. 

"Experiments  have  been  made  elsewhere 
with  woods  of  a  widely  divergent  charac- 
ter. All  the  different  woods  of  our  coun- 
try have  successively  been  experimented 
with  as  well  as  a  great  variety  of  foreign 
woods  grown  in  warmer  climates.  We  can- 
not give  here  a  detailed  account  of  these 
investigations. 

"The  resinous  woods  of  the  Landes  or 
of  Northern  Europe  have  frequently  been 
objected  to  on  account  of  the  rapidity  of 
their  wear.  An  effort  has  been  made  to 
remedy  this  by  the  use  of  as  hard  a  wood 
as  was  obtainable.  The  jarrah  and  the 
karri  of  Australia,  the  teak  of  Java,  the 
Hem  of  Annam,  the  iron  wood  of  Borneo, 
the  oak  of  the  French  forests — all  have 
in  their  time  enjoyed  a  certain  favor. 

"All  of  these  woods  had  the  disadvan- 
tage of  being  very  dear,  and  to  reduce  the 
cost  per  square  metre  it  was  necessary  to 
decrease  the  height  of  the  paving  blocks, 
which,  however,  was  only  reasonable  since 
the  wear  would  he  very  slow.  But  at  the 
same  time  it  was  necessary  to  devise  new 
methods  of  laying ;  the  cement  mortar 
could  not,  as  a  general  thing,  take  hold  of 
surfaces  so  absolutely  smooth  and  imper- 
meable ;  in  certain  cases  these  surfaces 
were  coated  with  hot  resin  and  each  block 
glued  to  its  neighbor,  reducing  to  a  mini- 
mum the  width  of  the  joints. 

"Good  pavements  have  never  been  ob- 
tained in  this  way.  Instead  of  wearing 
away  evenly  the  blocks  rounded  off,  and 
under  the  action  of  vehicles  the  pavement 
soon  became  rough  and  noisy.  The  joints 
became  easily  shattered  notwithstanding 
the  care  with  which  they  might  have  been 
constructed ;  the  blocks  became  movable 
on  their  beds,  and,  under  the  effect  of  wa- 
ter and  traffic,  they  acted  upon  the  con- 
crete foundation  like  metal  blocks :  the 
concrete  was  crushed  and  huge  holes  ap- 
peared in  the  surface  of  the  pavement 
while  the  rounded  tnp<  nf  the  blocks  in- 
creased the  roughnr^'^ 

"The  fact  had  been  f  that  as 

long   as    roads    shall    1  •!    m   the 

heavy  wear  and  tear  oi'  In  ' 

carriage  wheels  which   ihcx 


It  IS  imprudent  to  give  them  only  solidity 
and  rigidity ;  elasticity,  which  reduces  the 
vibration,  is  a  no  less  indispensible  quality. 
\N'hen  upon  a  road  of  cement  concrete 
there  is  placed  a  coating  just  as  resistant 
as  itself,  that  road  is  exposed  to  the  same 
damage  that  it  would  ««ffer  did  the  ve- 
Ir  ipon   its   surface. 

'1  -   for  soft  woods 

is  to  take  away  from  wood  pavements  the 
essential  quality  to  which  they  owe  their 
success,  namely,  the  compressibility  which 
smothers  sound  and  deadens  the  pound- 
ing, and  thus  imparts  to  the  road  its  long- 
evity. 

"It  seems  necessary  to  emphasize  these 
points  for  it  has  not  been  without  debate 
that  they  have  been  accepted  in  Paris." 

The  paving  blocks  are  made  and  creo- 
soted  at  a  plant  owned  by  the  city  of  Paris, 
which  is  said  to  be  the  largest  of  its  kind 
in  the  world.  The  joints  between  the 
blocks  are  usually  filled  with  cement  grout. 
The  cost  of  wood  pavements  is  slightliy 
less  than  those  of  asphalt,  being  from 
$2.70  to  $3  per  sq.  yd.,  with  a  6-in.  con- 
crete foundation.  The  cost  of  current 
maintenance  is  about  5  cts.  per  sq.  yd.  an- 
nually, while  the  total  estimated  annual 
cost  of  wood  pavements,  including  clean- 
ing at  12%  cts.  and  a  renewal  of  the  sur- 
face at  the  expiration  of  nine  year*  is 
given  at  39  cts.  per  sq.  yd. 

Contracts  call  for  no  guarantee  except 
to  make  good  any  defective  workmanship 
during  the  first  year,  but  this  does  not  ap- 
ply to  defects  in  the  blocks  themselves. 
The  life  of  a  wood  pavement  in  Paris 
varies  from  six  to  ten  years,  with  an  aver- 
age of  nine  years.  Where  there  is  prac- 
tically no  traffic  it  will  last  for  15  years, 
when  it  will  rot  and  renewal  becomes 
necessary.  When  the  upper  surface  of  the 
blocks  becomes  worn  and  uneven,  they  are 
taken  up.  the  worn  surface  is  trimmed  off 
on  the  street  by  special  gasoline  or  elec- 
trically driven  machines,  and  the  blocks  are 
relaid  with  the  trimmed  surface  down. 

Fully  60  per  cent  of  the  roadway  pave- 
ments of  Paris  are  of  stone,  a  large  pro- 
portion of  them  being  sandstone  Paving 
blocks  are  purchased  from  the  contractors 
or  arc  quarried  and  made  by  the  city.  A 
large  quarry,  located  in  the  forest  of 
Marechaux,  is  extensively  worked.  The 
land  upon  which  it  is  located  belongs  to 
the  Slate,  the  city  being  the  tenant  and 
having  developed  the  quarry.  A  stone 
known  as  "Yvetfe"  sandstone  is  taken  out 
in  large  masses,  which  are  s(iH<«ivriit!y 
divided  until  their  greatest  dim  s 

not  exceed  one  metre.     The  lu  1- 

sion  is  into  sizes  closely  approximating  that 
of  the  paving  stones.  These  rough  stones 
are  then  dressed  by  the  stonecutters,  who 
follow  a  method  called  "trough-cutting." 
the  rough  blocks  being  pbced  in  a  trough 
fixed  at  a  height  most  convenient  to  the 
particular  workman.  In  the  trough  is  a 
bed  of  sand  forming  a  cushion,  which  is 
at    once   elastic   and   firm,   and    the    work- 
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man,  with  flat  chisel  and  mallet,  dresses 
the  blocks  to  the  size  and  shape  required. 
The  paving  stones  are  then  transported  to 
the  railway  station  nearest  the  street 
where  they  are  to  be  used.  During  the 
last  ten  years  there  have  been  made  at  this 
quarry  some  6,353,000  paving  blocks,  of 
which  over  5,000,000  were  first  class  and 
the  remainder  second  class.  The  average 
cost  of  maintaining  the  stone  pavements  is 
given  at  12  cts.  per  sq.  yd.  per  annum,  but 
this  also  undoubtedly  includes  not  only  ac- 
tual repairs  and  maintenance,  but  an  al- 
lowance for  renewal,  although  there  is  no 
data  at  hand  as  to  the  frequency  of  such 
renewals.  It  does  not,  however,  appear  to 
include  cleaning. 

The  area  of  macadam  in  Paris  is  de- 
creasing, but  is  still  considerable,  amounting 
to  nearly  1.-100.000  sq.  yds.,  of  which  about 
430,000  sq.  yds.  are  "tarred  macadam,"  a 
small  proportion  of  which  was  laid  by  the 
mi.\ing  method,  but  most  of  it  is  the  re- 
sult of  surface  treatment.  In  many  quite 
important  streets  the  central  portion  of  the 
roadway  is  paved  with  macadam,  while  the 
sides  are  of  stone  block.  The  cost  of  main- 
taining macadam  is  said  to  be  -38  cts.  per 
sq.  yd.  annually,  but  this  apparently  in- 
cludes not  only  cleaning  and  sprinkling, 
but  the  necessary  periodic  renewals  of  the 
surface. 

The  total  expense  of  maintaining  the 
public  highways  within  the  city  in  WOT  was 
about  $2,425,000.  while  the  cost  of  cleaning 
and  sprinkling,  not  including  macadam,  was 
about  $1,670,000. 

The  conspicuous  feature  of  highway  ad- 
ministration in  the  French  capital  is  the 
constant  investigation  and  experiment 
which  is  being  carried  on  by  trained  ex- 
perts. Analytical  investigation  of  the  com- 
position of  pavements,  instituted  by  M. 
Buffet,  Engineer  of  Roads  and  Bridges, 
in  1868,  has  developed  into  the  present 
municipal  laboratory,  which  has  constantly 
extended  the  field  of  its  tests  and  studies 
until  today  it  is  undoubtedly  the  finest  in 
existence.  Apparatus  for  testing  resist- 
ance of  paving  materials  to  wear  by  fric- 
tion was  installed  in  1868,  and  in  1873 
there  was  added  a  machine  for  testing  the 
resistance  to  abrasion  of  stone  used  in 
macadam  roads.  A  special  drilling  ma- 
chine is  in  use  for  testing  the  thickness 
and  the  degree  of  compression  of  asphalt 
pavements.  This  machine  makes  a  round 
hole  only  1%  in.  in  diameter,  which  is 
simply  and  effectively  refilled  without  muti- 
lation of  the  pavement.  Reference  has  al- 
ready been  made  to  the  wood  treating 
plant  maintained  by  the  city.  Constant 
experiments  are  in  progress  to  determine 
the  life  of  this  material  and  the  forces 
which  contribute  to  its  destruction.  In 
order  that  these  problems  may  be  most 
effectively  studied,  the  laboratory  makes 
use  of  an  artificial  "rotter,"  by  means  of 
which  the  action  of  these  forces  and  ele- 
ments can  be  intensified  and  their  effects 
studied.     In    Paris,   as    elsewhere,   the   dif- 


ficulty of  maintaining  pavements  on  streets 
containing  surface  railway  tracks  has  been 
apparent,  and  there  has  been  in  use  since 
1905  a  device  for  testing  the  flexure  of  rails 
under  the  traffic  of  the  cars  which  they 
are  designed  to  accommodate  and  that  of 
vehicles  which  follow  them.  Appliances 
for  sprinkling  and  cleaning  the  pavements 
have  received  much  attention.  This  work 
is  considered  a  part  of  street  maintenance, 
although  in  the  case  of  pavements  other 
than  macadam  this  expense  is  kept  sep- 
arately, as  already  indicated. 

In  cleaning  and  sprinkling  smooth  pave- 
ments, mechanical  appliances  are  used 
wherever  possible.  A  horse-drawn  rubber 
sweeping  machine  consists  of  a  rotary 
broom  sweeper,  behind  which  are  segments 
of  rubber,  the  blades  being  parallel  with 
the  cylindrical  broom  and  overlapping 
slightly,  the  effective  length  being  equal 
to  that  of  the  broom.  This  machine  is 
used  after  liberal  sprinkling  of  the  pave- 
ment or  after  rains.  An  automobile  sweep- 
er, with  an  eight  to  ten  horsepower  motor, 
making  1,200  revolutions  and  equipped 
with  electric  lights,  is  now  being  tried 
out  in  one  of  the  sections,  while  automo- 
biles have  been  substituted  for  horses  in 
hauling  some  of  the  rubber  sweepers  above 
described.  A  steam  sprinkler  operated  by 
engines  of  30  hp.  is  now  in  use, 
as  is  also  an  automobile  sprinkling-sweeper 
operated  by  a  motor  of  from  15  to  17  hp. 
The  amount  of  sprinkling  which  is  done 
appears  excessive,  and  the  pavements, 
while  nearly  always  free  from  dust,  are 
almost  never  dry.  Sand  is  liberally  useil 
to  prevent  slipping,  and  the  resulting  sur- 
face is  not  pleasant.  This  excessive  use 
of  water  may  explain  the  short  life  of  the 
wood  pavement,  which,  as  already  stated, 
is  from  six  to  ten  years. 

The  amounts  expended  upon  the  mainte- 
nance of  the  pavements  of  Paris  may  ap- 
pear large,  but  it  must  be  remembered  that 
the  figures  include  entire  renewals  of  the 
surface  when  necessary,  and  there  is  no 
information  available  to  determine  the  an- 
nual cost  of  ordinary  repairs  which  might 
be  compared  with  the  expense  of  such 
work  in  this  city.  This  emphasizes  the 
danger  of  drawing  conclusions  from  fig- 
ures given  in  the  reports  of  different  cities 
or  even  those  made  by  the  dift'erent  bor- 
oughs of  this  city.  Data  can  be  secured 
from  published  and  apparently  authori- 
tative statements  issued  by  different 
American  cities  which  will  appear  to  justify 
alm.ost  any  statement  or  theory  which  may 
be  advanced. 

It  is  probable  that  the  actual  expense 
of  maintaining  the  pavements  of  Paris  is 
somewhat  less  than  the  amount  expended 
by  the  city  of  New  York  if  the  cost  of  re- 
newals were  included  in  both  cases,  but 
that  the  work  is  more  thoroughly  done 
in  Paris  and  other  European  cities  will 
scarcely  be  disputed. 

The  area  of  pavements  in  this  city,  in- 
cluding   all    boroughs,    as    reported    at    the 


beginning   of    the    present    year,  compared 
with  those  of  Paris,  is  as  follows : 

New  York.  Paris. 

Stone,  sq.  yds 8,380,800  0,726,100 

Wood,  sq.  yds 287,800  2.464,900 

Asphalt,  sq.  yds 13,901,500  495,200 

Macadam,  sq.  yds.   . . .  9,684,500  1,399,500 

Total  sq.  yds 32,254,600     11,085,700 

The  vastly  greater  area  of  pavements  to 
be  cared  for  in  this  city  is  surprising.  If, 
instead  of  paying  for  repaving  from  the 
proceeds  of  the  sale  of  bonds  running  for 
a  term  of  years  far  exceeding  the  life  of 
the  pavement,  as  is  our  present  practice, 
the  entire  cost  of  maintenance,  including 
renewals,  were  included  in  the  annual  bud- 
get, the  increase  in  the  present  tax  burden 
would  be  considerable.  The  aggregate  ap- 
propriations for  repairs  to  and  mainte- 
nance of  pavements  for  all  boroughs  for 
the  year  1908  was  $2,966,.376.50,  The 
amount  of  corporate  stock  authorized  for 
repaving  was  $3,000,000,  which  is  less  than 
usual,  and  the  expense  of  street  cleaning 
for  the  current  year,  exclusive  of  final  dis- 
position, appears  to  have  been  about  $4,- 
411.000,  a  total  of  about  $10,380,000  for 
maintenance,  cleaning  and  renewals.  Eor 
a  pavement  area,  approximately  one-third 
as  great,  Paris  expended  during  the  year 
1907  the  sum  of  $4,095,000.  On  a  basis  of 
equivalent  areas  the  expenditures  of  New 
York  for  the  care  of  its  streets  are.  there- 
fore, some  13  per  cent  less  than  those  of 
Paris.  If  the  allowance  for  repaving  had 
been  $3,800,000,  as  it  was  in  1907,  the  cost 
of  the  service  in  New  York  would  have 
been  about  6  per  cent  less  than  that  of 
Paris  in  proportion  to  area.  Considering 
the  lower  cost  of  labor  and  the  excellent 
organization  the  sums  expended  by  Paris 
for  this  service  are  very  large,  but  the 
French  people  evidently  believe  that  it  is 
worth  what  it  costs. 

In  Berlin  and  the  German  cities  gener- 
ally the  pavements  are  very  thoroughly  laid 
and  admirably  maintained.  Their  first  cost, 
even  with  cheaper  labor  and  very  efficient 
organization,  is  about  the  same  as  in  this 
country  and  in  some  cases  higher.  In 
Leipzig,  for  instance,  the  cost  of  asphalt 
paving  is  about  $2.50  a  sq.  yd.  for  German 
rock  asphalt  and  $3  where  the  French  as- 
phalts are  used,  both  these  prices  including 
the  concrete  foundation. 

Edinburgh  is  conspicuous  for  its  ad- 
mirable pavements,  especially  those  of 
granite  block,  which  is  kept  in  nearly  per- 
fect condition  both  with  respect  to  surface 
and  cleaning.  The  topography  of  Edin- 
burgh requires  the  use  of  many  retaining 
walls  and  steps,  and  the  thoroughly  good 
quality  of  the  masonry  and  the  care  with 
which  it  is  maintained  impress  the  most 
casual  observer. 

The  London  streets  carry  an  enormous 
traffic,  and  the  excellence  of  the  pave- 
ments, whether  of  stone,  wood  or  asphalt, 
is  conspicuous.  Openings  in  the  pavements 
are  rarelv  seen,  as  when  such  openings  are 


l'\'bruary   17,   i<joy. 


ENGINEERING-CONTRACTING 


fi7 


iiiailc  they  arc  repaired  proiiiplly  and  >kill 
fully.  It  is  probable  that  the  number  of 
pavement  openings  in  F.ifropean  cities  is 
far  less  than  in  New  York,  as  tin-  nsc  of 
electric  light,  telephone  and  other  public 
utilities  whose  structures  occupy  the  streets 
is  much  less,  general  than  in  .Xmcrican 
cities.  Wooden  block  appears  to  be  the 
popular  pavement  in  London,  and  the  man- 
ner in  which  it  sustains  the  enormous  trnf 
fie  of  such  streets  as  The  Strand  is  ccr 
tainly  remarkable.  The  wooden  pavement 
at  the  lower  end  of  this  thoroughfare  was 
found  to  be  in  excellent  condition,  though 
il  bad  been  in  use  for  more  than  six  years. 
Mr  J.  \V.  Bradley,  the  City  Kngineer  of 
Westminster,  which  comprises  that  part 
of  London  where  the  traffic  is  heaviest,  in- 
formed me  that  these  blocks  were  7  in. 
deep  and  were  laid  upon  the  best  possible 
concrete  foundation.  Wooden  blocks  t  . 
in  or  less  in  depth,  as  laid  on  Broadway  in 
this  city,  would  not  be  used  in  England 
under  any  circumstances.  In  the  West 
Riding  of  Yorkshire  the  standard  blocks 
are  tJ  ins.  deep,  while  Mr.  Robert 
Phillips.  Gmsulling  Surveyor  to  the  Glou- 
cester County  Council,  in  a  paper  present- 
ed to  the  Congress,  states  that  wood  blocks 
as  well  as  granite  blocks  arc  generally  9 
ins.  in  depth  on  a  concrete  foundatior^; 
of  li  ins.  Such  extreme  depth  appears 
to  be  unnecessary,  but  I  am  convinced  that 
in  this  city  a  serious  mistake  has  been 
made  by  using  wood  blocks  of  too  little 
depth.  The  wood  used  for  paving  in  Eng- 
land is  for  the  most  part  Baltic  fir  or  other 
soft  wood,  little  of  the  .Australian  or  other 
hard  woods  being  employed.  In  London 
many  of  the  heavy  loads  arc  hauled 
through  the  streets  at  night  by  the  use 
of  traction  engines  or  auto  trucks.  The 
use  of  traction  engines  on  the  rural  high- 
ways of  Great  Britain  is  increasing  very 
rapidly.  Mr.  W.  J.  Taylor,  County  Sur- 
veyor of  Hampshire,  says  that  there  are 
now  about  S,.500  such  engines  in  use  on 
the  hiijhways  of  England  and  Wales,  or 
about  one  to  every  three  and  a  quarter 
miles  of  main  road.  These  engines,  while 
slow  moving,  are  heavy  and  haul  wagons 
with  correspondingly  heavy  loads.  This 
kind  of  traffic  has  necessitated  the  provi- 
sion of  strong  surf.ices  and  foundations, 
and  it  has  been  predicted  that  it  will  be 
necessary  to  build  macadam  roads  which 
are  likely  to  be  subjected  to  exceptionally 
heavy  traffic  with  a  substantial  concrete 
foimd.ition.  This  opinion  was  unquali- 
fiedly expressed  Mr.  P.  W.  Henry  of  this 
city,  one  of  the  .American  delegates  to  the 
Congress,  in  a  paper  which  he  presented. 
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.According  to  the  reports  of  the  Minister 
of  Transportation  of  the  Federal  Govern- 
ment of  Brazil,  there  were  lO.O.'W  miles  of 
railway  in  operation  in  that  country  on 
Jan.  1,  1908.  At  that  date,  2,0.");  miles  of 
railway  was  under  construction  and  sur- 
veys had  been  approved  for  Lloti  miles 
additional. 


Fuel   Required  for  Steam  Curing  Con- 
crete Blocks. 

.Sirs :  1  have  received  the  Jan.  27th  is- 
sue of  Enci.vkeri.noCo.vtk.vctini.,  and 
note  that  you  have  published  the  paper  I 
read  at  the  convention  at  Cleveland.  I 
note  one  mistake  on  Page  (il.  second  col- 
lunn  near  the  bottom.  It  reads,  "as  nearly 
as  we  have  been  able  to  ascertain  1,IK)0  to 
2,000  lbs.  of  coal  will  cure  three  ovens  of 
blocks."  it  should  read  l.OOO  to  1.200  lbs. 
of  coal  for  three  ovens  of  blocks.  Please 
correct  this  as  800  lbs.  of  coal  for  curing 
that  number  of  blocks  would  be  quite  an 
item  to  the  manufacturer,  and  I  do  not 
want  to  go  on  record  as  not  being  able  to 
give  a  closer  estimate  on  fuel  than  l.OtMl 
to  2.000  lbs. 

Thanking  you  very  much  for  the  cour- 
tesy shown  me,  I  remain 

Very  truly  yours. 

F.  S.  Piiii'i'S. 

Si     l.-.i.Ii.  Mo.,  Feb.  2,  lOon 


Will  Concrete  Lumber    Make    Forest 
Preservation  a  Farce. 

Sirs :  It  was  with  a  surprised  interest 
that  I  recently  read  an  article  in  your  issue 
of  Feb.  3.  li»Oi),  entitled  •How  Concrete 
Lumber'  has  made  Forest  Preservation  a 
Farce." 

Granting,  for  the  moment,  that  all  you 
claim  for  "concrete  lumber"  is  true — that  it 
is  destined  to  displace  timber  for  general 
industrial  purposes,  I  am  surprised  that 
you  utterly  ignore  all  aspects  of  the  ques- 
tion of  forest  preservation  other  than  that 
which  pertains  to  the  direct  use  of  timber 
for  purposes  of  construction. 

You  certainly  are  not  unmindful  of  the 
fact  that  it  is  only  through  the  conserva- 
tion of  the  forests  about  the  head  waters 
of  our  streams  that  anything  like  uniform- 
ity of  flow  may  bo  maintained — a  uniform- 
ity that  is  absolutely  essential  to  the  suc- 
cessful cultivation  of  the  great  river  basins 
of  our  country,  and  to  the  navigation  and 
water  power  of  the  future. 

The  fact  needs  merely  to  be  staled  to  be 
recognized  that  the  denud.ition  of  the  for- 
ests al>out  the  headwaters  of  the  rivers 
causes  great  and  sudden  rushes  of  water 
that  wash  away  the  soil  from  above  and 
deluge  the  farms  below,  followed  by  long 
periods  of  low  water  or  none  at  all.  I  need 
only  to  point  you  to  treeless  countries  for 
an  exemplilication  of  the  unreliability  of 
the  rivers  for  the  great  purposes  of  agri- 
culture, navigation  and  water  power  No 
storage  of  water  by  artificial  mcan»  can  l»c 


mentioned,   as  the   sloraRv   by   the   natural 
'■r<<es» — through  the  ago"  •     •■•'     >tanding 

■     ■  ■  -Is. 

But   dismissing   :o  1  of  the 

collateral    advantag'  irc   your 

claims,  in  the  article  nicniioiici.  uarranled 
by   f.-icts? 

"Concrete  lumber"  is  good :  but  can  yon 
make  it  without  timber  forms? 

It  may  be  monumental  folly  for  the 
Pennsylvania  R.  R.  Co.  to  plant  trees  for 
future  use  as  ties ;  but  I  have  yet  to  learn 
of  any  railroad  syriem  in  thi-  country  that 
would  prefer  a  concrete  tie  to  a  wooden 
one :  and  I  am  of  the  opinion  that  concrete 
lies  will  t)c  adopted  only  when  the  price 
of  uiMiden  ties  becomes  prohibitive,  if  that 
unfortunate   time   arrives. 

You  speak  of  "the  folly"  of  setting  apart 
forest  preserves  and  removing  them  from 
private  ownership  and  use.  Vast  sections 
of  our  country  have  been,  and  are  being, 
devastated  and  destroyed  by  the  reckless 
cutting,  on  the  part  of  the  professional 
lumberman,  by  the  general  rapacity  and 
wastefulness  of  individual  enterprise  and 
liy  fire-.  And  the  whole  intent  and  pur- 
pose of  forest  conservation  is  10  check  this 
wholesale  destruction  and  to  substitute 
therefor  a  judicious  and  well  ordered  use — 
a  use  that  will  supply  reasonable  want  and. 
at  the  same  time,  keep  up  the  supply. 

If.  as  your  words  imply,  the  limlier  of  the 
future  is  to  l)ecome  a  mere  "cumber  of  the 
ground"  then  is  conservation  a  "folly."  as 
you  maintain.  But  if  you  agree  witli  me 
that  timber,  in  view  of  its  utility,  l)oth 
direct  and  iiulirect,  is  to  continue  a  bless- 
ing, and  not  a  curse,  tli  we  il  10 
yourself  and  to  your  n  Mce  for- 
ward with  the  rest  of  u-,.  .and  . 
great  conservation  movement  a  "I 
stead  of  a  "knock." 

Respectfully  yours, 

J.  N*.  Dahuni; 

^iiii.igo.   111.   Feb.  C.   1909 

(.Answering  our  correspondent's  a*ser- 
tioif  that  forests  are  needed  to  regulate 
"run  off."  we  arc  satisfied  that  forests 
serve  but  little  useful  purpose  in  that  re- 
spect, and  such  purpose  as  they  now  serve 
will  lie  much  more  economically  and  lietter 
served  by  the  construction  of  reservoirs 
from  which  power  can  be  <Ievclopcd. 

\s  to  "forms"  for  concrete,  there  i»  lit- 
tle doubt  that  steel  will  lie  used  almo-t  ex- 
clusively for  forms  in  the  future,  because  it 
can  be  re-nsed  an  indefinite  numlicr  of 
times  and  still  possess  a  large  scrap  value 

.As  for  railroad  ties,  it  is  siguilicant 
that  the  Italian  government,  after  years  01 
experimenting,  has  just  ordered  .'MHt.OOO  re- 
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inforced  concrete  ties  for  use  on  its  rail- 
-ways.  One-tenth  the  money  spent  in  ex- 
perimenting with  reinforced  concrete  ties 
that  has  been  spent  in  buying  lands  and 
planting  trees  for  tie  timber  would  have 
solved  the  "tie  question"  for  the  Pennsyl- 
vania railroad.  Not  six  years  ago  the  writer 
asked  Mr.  Brown,  then  chief  engineer  of 
the  Pennsylvania,  why  he  was  building  all 
arch  bridges  of  stone  masonry  instead  of 
■concrete.  Mr.  Brown's  reply  was  charac- 
teristic of  the  "conservatism"  of  the  Penn- 
sylvania :  "When  you  can  show  me  con- 
■crete  bridges  as  old  as  our  oldest  masonry 
bridges,  I  will  be  ready  to  believe  that 
concrete  is  as  durable  as  stone." 

Evidently  Mr.  Brown  was  a  believer  in 
the  Lord's  superiority  to  man  as  a  maker 
of  stone,  and  could  not  rid  himself  of  the 
fallacy  of  such  an  attitude.  The  fact  was, 
Tiowever,  that  the  Erie  railroad  had  faced 
its  old  masonry  culverts  with  concrete  as 
far  back  as  the  60's, 

Our  argument  is  that  the  forests  may 
even  be  destroyed  by  fire,  yet  most  of  the 
land  can  be  more  profitably  used  for  other 
purposes  than  for  raising  lumber. 

"The  great  conservation  movement"  is 
great  only  in  its  narrow-mindedness.  It 
finds  its  analogy  in  the  old  movement  to 
■preserve  the  American  bison,  or  in  the  still 
•older  movement  to  preserve  the  stage 
•coach,  or  in  the  movement,  older  still,  to 
stop  the  use  of  stage  coaches  because  they 
were  displacing  boats.  We  have  quoted  once 
■before  and  we  quote  again  a  bit  of  doggerel 
written  by  a  poet  boatman  on  the  Thames 
at  the  time  that  wheeled  vehicles  began  to 
be  used  in  Great  Britain  : 

"Carroaches.    coaches,   jades   and    Flanders 

mares 
Doe  rob  us  of  our  shares,  our  wares,  our 

fares. 
.\gainst   the   ground    we    stand    and    knock 

our  heels. 
Whilst  all  our  profits  run  away  on  wheels." 


Education   of  Inspectors  at  the  Con- 
tractors' Expense. 

Sirs:  In  your  issue  of  Feb.  luth.  appears 
an  article  on  "Education  of  Inspectors  at 
the  Contractors'  E.xpense."  Evidently  the 
author  is  a  contractor  who  has  been  very 
much  "up  against  it,"  in  the  line  of  incom- 
petent  inspectors   and   worse   specifications. 

The  writer  agrees  with  the  author  that 
an  incompetent  engineer  is  worse  than  use- 
less on  construction,  but  he  does  not  agree 
with  the  tirade,  made  by  a  certain  class 
of  contractors,  against  all  inspection.  The 
Ijest  set  of  specifications  ever  written  is 
-worthless  unless  enforced  by  adequate  field 
inspection. 

The  average  contractor  without  attempt- 
ing to  "skin"  the  job,  has  his  hands  full 
to  get  any  fair  margin  of  profit,  even  when 
he  devotes  all  of  his  energies  to  the  eco- 
nomical prosecution  of  the  work,  the  handl- 
ing of  labor  and  the  keeping  of  material 
in  supply.     This  is,  and  should  be  the  first 


interest  of  the  contractor,  and  it  is  the 
only  interest  of  the  superintendent  or  fore- 
man, who  is  90  per  cent  of  the  time  the 
contractor's  sole  representative  on  the 
ground. 

The  writer  speaks  from  some  experience 
as  a  contractor's  superintendent. 

.Should  the  inspector  "keep  his  mouth 
shut  and  trust  to  the  experience  of  the 
contractor  to  do  the  work  in  a  proper  man- 
ner?"    Certainly  not. 

It  is  rank  negligence  to  omit  field  in- 
spection of  any  construction  which  on  com- 
pletion is  buried  out  of  sight.  This  applies 
especially  to   concrete  work. 

In  spite  of  the  author's  statement,  there 


A  Rock  Crusher  with  Elevator.  Re- 
volving Screen  and  Mounted  Bin. 
The  rock  crushing  outfit  shown  by  the 
accompanying  cut  has  been  extensively  used 
and  merits  consideration.  The  crusher  is 
the  Champion  crusher,  which  is  dis- 
tinguished for  its  large  capacity  and  good 
wearing  qualities.  The  long  jaw  plates 
which  afford  a  large  area  of  crushing  sur- 
face account  in  considerable  measure  for 
the  large  capacity  of  this  machine.  The 
crusher  is  built  almost  entirely  of  high 
grade  steel.  The  main  shaft  through  which 
the  power  is  imparted  by  means  of  the  two 
fly-wheels,  is  elliptical  in  shape.     One  revo- 


Rock  Crusher  with   Elevator,   Revolving  Screen   and   Mounted    Bin. 


is  a  difference  beside  "vanity"  between  the 
engineer  in  charge  and  the  inspector.  It  is 
necessary  that  the  engineer  in  charge  be 
a  man  of  some  experience  and  that  he  be 
of  fair  and  judicial  temperament.  It  is 
not  at  all  essential  that  the  inspector  under 
the  engineer  be  experienced.  Such  an  in- 
spector is  on  the  ground  to  carry  out  a 
certain  definite  and  limited  function,  as  for 
example,  to  see  that  so  many  sacks  of 
cement  are  used  per  batch,  to  see  that  so 
many  reinforcing  bars  are  placed  in  each 
panel,  and,  perhaps,  to  see  that  no  painting 
is  done  over  wet  or  frosty  iron. 

The  writer  appreciates  the  fact  that 
there  are  incompetent  engineers  supervis- 
ing inspection  of  work  and  that  there  are 
bad  specifications.  This  criticism  of  the 
article  is  not  made  in  defence  of  such,  or 
to  encourage  any  spirit  of  antagonism  be- 
tween the  inspector  and  the  contractor. 

There  are  still  some  contractors  who 
have  not  yet  learned  to  make  their  bid  out 
according  to  the  requirements  of  the  speci- 
fications and  who  must  malign  all  inspec- 
tors because  they  are  not  permitted  to  do 
the  work  according  to  their  "experience." 
It  is  due  to  the  contractor  of  this  type  that 
many  railroad  and  other  corporations  are 
performing  their  construction  work  with 
their  own  plant  and  organization. 

L.  K.  Sherman. 
1.500  American  Trust  Bldg. 

Chicago,  111.,  Feb.   11,   inOf). 


lution  of  the  fly-wheels,  therefore,  produces 
two  movements  of  the  swinging  jaw.  The 
crusher  is  made  in  five  sizes,  ranging  from 
a  small  T.5-ton  per  day  machine  to  a  large 
size  which  will  produce  from  "2.5  to  40  tons 
per  hour.  All  of  the  different  sizes  of 
Champion  Crushers,  except  the  largest  size, 
are  mounted  on  wheels  as  shown  by  the  ac- 
companying illustration,  when  it  is  desired 
to  use  them  that  way.  This  crusher' is  built 
by  The  Good  Roads  Machinery  Co.,  Ken- 
nett  Square,  Pa. 


The  accompanying  table,  taken  from  the 
Reclamation  Record  for  February,  shows 
the  area  actually  irrigated  during  the  sea- 
son of  1908  by  the  various  projects  of  the 
U.  S.  Reclamation  Service : 


State. 

Arizona 

Arizona-Colorado. . 
ralifornia-Oregon. . 

Colorado 

Idaho 

Idaho 

Kansa.s 

Montana 

Nebraiska- Wyoming 

Nevada 

New  Mexico 

New  Mexico 

New  Mexico-Texas 


North  Dakota. 
Nortli  Dakota. 

Oregon 

South  Dakota. 
Washington. . . 
Washington. . . 
Wyoming 


Project.  Acres. 

Salt   River    115.000 

Yuma     3,800 

Klamath     9.378 

T_'ncompahgre    15,600 

Minidoka     24.464 

Payette-Boise   55.000 

Garden  City 5,558 

Huntley   4,400 

iNorth  Platte   £-!,220 

.Truckee-Carson    ...  27.450 

Carlsbad    8,000 

.Hondo     1,.-)00 

Rio    Grande    (Leas- 
berg)    17,000 

Buford-Trenton    ...     1,200 

Williston    2,000 

Umatilla    2,500 

Belle  Fouvche 5,000 

Okanogan    1,353 

Sunnyside    42,000 

.Shoshone    2,600 


Total 367,023 
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Two  Predictions  About  Panama:  That 
of  Engineering-Contracting;  That 

of  Engineering  News. 
Ihrce  ycirs  ago  ENUixerjiiNG- 
Contractinc  printed  an  editorial  .-iriicle 
in  which  the  economic  folly  of  building 
the  Panama  Canal  by  government  forces, 
instead  of  by  contract,  was  discu>scd.  A 
"hort  time  later  Ensinecring  .\cws  took 
an  opposite  stand  in  its  editorial  cobunns, 
and  maintained  that  the  work  at  Panama 
could  Ije  done  more  economically  by  day 
lalK:ir   than   by   contract. 

Frmn  time  to  time  we  have  published 
analyses  of  the  unit  costs  of  excavation  at 
Panama,  showing  a  startling  lack  of  econ- 
my.  and  in  our  issue  of  Dec.  2.  1908,  we 
gave  an  analysis  that  made  clear  the  fact 
tliat  the  canal  would  cost  $2;»0.lM>0.O<>0.  In- 
cluding the  S-'iO.WO.fMMi  paid  to  the  French 
and  to  the  Panama  government.  Our  ed- 
itorial of  Dec.  2  was  copied  by  the  daily 
press,  and  commented  upon  favorably,  or 
otherwise,  according  to  the  political  affilia- 
tion of  the  paper.  In  January  a  Congres- 
sional investigation  resulted  in  an  admis- 
sion by  the  chairman  of  the  Isthmian 
Canal  Commission  that  the  canal  would 
cost  at  least  $2.50,000,0<Xt,  and  he  would 
not  deny  that  it  might  not  cost  $30<t.0<Vi,000. 
Finally,  the  commission  of  seven  engineers, 
who  have  just  returned  from  Panama,  re- 
port that  the  canal  will  cost  $:Ji;o.imX>,000. 
including  the  $.50.000,0<X)  paid  to  tlie  French 
and  to  Panama,  and  that  the  canal  will  be 
finished  in   six   years  more. 

In  its  Feb.  18  issue,  Engineering  News 
affirms  its  belief  in  the  excellence  of  the 
work  that  is  being  done  at  Panama,  and 
announces  further  articles  that  will  demon- 
strate the  soundness  of  its  position.  We 
await  the  articles  with  undisguised  interest, 
for  it  will  require  a  gv'mnastic  logic  to  twist 
a  unit  cost  of  earth  excavation  that  is 
greater  than  the  normal  cost  for  rock  into 
a  shape  that  will  bear  the  semblance  of 
economic  performance.  .\  grocer  selling 
eggs  at  72  cts.  a  dozen  would  have  much 
the  same  task  in  "demonstrating"  their  low 
cost . 

In  supporting  the  contention  of  the  gov- 
ernment engineers  at  Panama  that  they  arc 
doing  the  work  satisfactorily.  Engineering 
.Vews  may  believe  that  it  is  merely  taking 
the  part  of  the  engineering  profession  as 
against  contractors.  In  reality,  however, 
any  such  position  is  one  reached  only  by 
false  logic.  In  the  specific  case  of  the 
Panama  canal  there  would  be  just  as  many 
engineers  employed  if  the  work  were  done 
by  contract  as  is  now  the  case,  excepting 
that  many  of  the  engineers  would  be  in 
the  employ  of  contractors,  and  at  higher 
salaries  than  thev  now  necive  from  the 
government. 

In  general,  low  co*!-  iii.ri'.i-.e  the  con- 
sinnption  of  any  product,  .ind  thu«  increase 
the  number  of  men  rngagr<l  ii'  '  h-- 

tinn      Ro.idi.   for  cxatniilc.  nou  it 


>■' ■    as  built   by  C'  ;hi- 

•  i!.       I    .\.  vK    York.     Were   : •    K\ 

<tale  forces  instead  of  by  contract,  the  ""•. 
would   soon    rise   to   $16,000  or   $2*.ri»Hi   a 
mile,    and    with    what    result?      Obviously 
fewer  mile*  would  be  built,  and   •' 
Kine^^^    womIiI    he    m^iiired    in    t 
structioii  [  1, 

most    sh.  of 

the  direct  construction  oi  public  «<  rW«  In 
government  forces,  even  when  the  lH-»t  m- 
terests  of  civil  engineers  form  the  only 
consideration. 

We  cannot  believe  that  Knpin<-«Tine 
News  fakes  ujion  itself  • 
ent  extravagance  in  bi:: 
canal  because  it  believes  that  it  will  gain 
favor  with  engineers  by  so  doing.  On  the 
contrary  we  arc  satisfied  that  Engineirina 
News  simply  finds  in  the  Panama  work 
a  corallary  to  a  general  doctrine  that  it  lias 
long  maintained,  namely,  that  of  "piil.b 
ownership  of  public  utilitie*"  and  a  genir.i; 
socialistic  attitude  with  regard  to  all  forms 
of  human  effort.  The  News  sees  in  this 
army  of  men  working  for  the  government 
at  Panama  the  beginning  of  the  realization 
of  its  dreams  of  socialism  on  a  large  scale, 
and  it  will  do  its  best  to  convince  itself 
and  others  that  there  is  real  economy  mani- 
fested in  the  results  at   Panama. 

ENGINEERIN<;-CoNT«.^CTING  is  as  much 
concerned  with  the  success  of  engineers  as 
of  contractors,  but  it  belie\'es  that  the  suc- 
cess of  both  is  endangered  by  every  such 
manifestation  of  socialism  as  is  presented 
today  on  the  Isthmus  of  Panama.  It  be- 
lieves in  individualism,  and  therefore  in 
competition,  which  leads  inevitably  to  a 
belief  in  the  fundamental  economy  of  doing 
all  public  work  by  contract.  It  is  not  un- 
mindful of  the  short-comings  of  the  con- 
tract system,  under  existing  conditions,  but 
it  is  not  deceived  by  these  short-coming* 
into  a  general  denunciation  of  the  contract- 
ing system.  The  mole  hill  of  these  short- 
comings stands  only  in  microscopic  promi- 
nence beside  the  mountain  of  incompetence 
of  the  day  labor  system  of  doing  public 
work. 

It  is  but  a  step  from  the  btiilding  of  the 
Panama  canal  by  day  labor  to  the  building 
and  operating  of  portland  cement  factories 
by  government  employes,  and  just  another 
step  to  the  manufacturing  of  excavating 
machines  and  concrete  mixers  in  govern- 
ment shops.  In  fact,  the  U.  S.  Reclamation 
Ser\'ice  has  built  and  operated  a  cement 
plant,  and  the  same  plan  was  seriously  con- 
sidered at  Panama.  In  fact,  the  Canadian 
government  has  built  its  own  dredges,  as 
well   as   operated   them. 

Manuf.tcturcrs  to-day  arc  contractors, 
but  the  policy  of  the  Engineering  News  .ip- 
plied  on  the  Panama  canal  is  absurd  in  its 
logic  if  it  does  not  lead  onward  to  the 
manufacture  of  machines  and  supplies  by 
government  forces,  and  thus  the  ultimaie 
elimination  of  independent  manufacturers 
of  all  kinds. 

Rut.   we  shall   be  lotd.  the  conditions   in 
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this  case  at  Panama  are  peculiar.  The  job 
ii  too  large  for  any  one  contractor,  and 
too  complex  to  admit  of  more  than  one. 
Bosh !  The  spanning  of  the  'continent  with 
a  railway  is  both  a  large  and  a  complex 
industrial  problem;  so  is  the  building  of 
the  $l<iil.(iOi).000  Erie  Barge  Canal:  and  so 
are  scores  of  other  great  projects  that  liavr 
been  built  by  contract. 

But,  then,  there  is  the  tremendou.^l\  i;ii 
portant  problem  of  sanitation  at  Panama, 
"which  it  would  be  criminal  to  leave  to 
careless  contractors."  If  sanitation  cannot 
he  trusted  to  contractors,  let  that  part  of 
the  work  remain  in  the  hands  of  the  gov- 
ernment. 

The  long  hauls  for  excavated  material 
from  the  Cnlebra  cut  will  be  raised  as  an 
objection  to  doing  the  work  by  contract, 
and  a  score  of  other  sophistical  reasons  will 
be  conjured  forth,  for,  where  it  is  desired 
to  establish  a  precedent,  the  most  insidu- 
ous  method  of  argimient  consists  in  find- 
ing "unusual  conditions."  Fortunately  for 
such  sophistry,  and  unfortunately  for  sound 
reason,  no  large  construction  job  is  free 
from  "unusual  conditions,"  and,  having  es- 


Concrete  and  Reinforced  Concrete  Section 


Note: — This  section  is  devoted  to  metliods  and  cost  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  cover  tiie  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mixing,  transportation  and  placing;  fabrication  and  placing  of  reinforcement, 
and  form  construction  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


An  Economical     Long     Span     Rein- 
forced Concrete  Highway 
Bridge.* 

BV    WILBUR  J.    \V.\rSON,t    .M.   .\.M.    SOC.    C.    E. 

I  here  has  recently  been  completed  for 
Huron  County,  a  reinforced  concrete 
bridge  over  the  Vermillion  River,  at 
Wakeman,  Ohio,  which  furnishes  an  ex- 
cellent illustration  of  the  econoiny  of  this 
type  of  structure  for  similar  locations  and 
it  is  the  purpose  of  this  paper  to  give  a 
short  description  of  the  design  and  con- 
struction of  this  bridge. 
On    .\pril    ■-',    1908,    the    writer    went    to 


(if   the   old   niasr.nry   which   was   of    Berea 
sandstone. 

The  failure  of  the  west  abutment  con- 
sisted of  the  giving  away  of  the  south 
wing  thereof,  while  the  north  wing  was 
badly  cracked  and  show.ed  considerable 
movement  and  gave  indications  of  failing 
at  any  time.  As  befo;e  stated  this  abut- 
ment was  built  of  Berea  standstone  but 
only  the  facing  was  of  first-class  masonry, 
and  while  being  of  sufficient  thickness  to 
have  stood  provided  it  were  well  built  and 
properly  drained  at  the  base  of  the  wall, 
it  actually  consisted  of  thiee  distinct  walls 
rne   within   the  ether,   the   two   back   walls 


Reinforced  Concrete   Bridge  over  the    Vermillion  River  at  Wakeman,  O. 

lablisliL-d    a    .great    socialistic    precedent    at  Wakeman    at    the    request    of    the    County  being  of  very  poor  construction,  consisting 

Panama  by  that  line  of  argument,  it  will  bo  Commissioners   and   made   an    examination  of    large    stones,    but    with    practically    no 

•easy   to    launch      every   other     government  of   the   old   bridge,    the    west    abutment    of  bonding  to  the  front  wall  or  to  each  other 

project   down  the  same  greased   ways.  which  had  failed.     This  old  structure  con-  ^q  t^aj  d^g  front  wall  was  carrying  all  of 

The  following  table,  from  a  recent  con-  '''''"^    °*    a    wrought    iron,    half-through.  the    load    and    actually    failed    by    crushing 

,             ,                              r  ,       .  pm-connected     truss     bridge  built   by     the  of  the  stone 

sular  report,  shows  the  percentage  of  land  ,.            u  -a        r-        ■      lo-v.       ti       i       ^i'  sluhc. 

occupied  bv  forests  in  European  countries:  ^f"''   ^"^^\.^°-"].  ^'"  '    /  V^    '^"^  f  The  writer  estimated  that  to  rebuild  this 

Countries                               '                      P-t  °^   'P^"    "^^^   ^'^   **■   "   '"'   '"''   *^'    '^"P"'  abutment     properly     would     cost     approxi- 

Fn^land                                                              r,^  was  26  ft.  2  ms.     The  height  of  floor  above  ,„..,telv    $6,000   but'  estimated    that    the    old 

Scotland                       4(,  "'*'   "''"   ^^'^   "'^^   originally   about  40    ft.  ^,^„t„;,„t  „,ight   ^e   removed  and  an   addi- 

Wales          :Vo  '^^""^    ^"^   ^'"'    '''°°    """'    "''^"2"    ''•'"^  tional    steel   span   on   steel  posts   be   put  in 

Ireland I  5  ''"""   "''"^'   '"   '*"'   ''"''='   '""'   "'"   ''^'°''*  for   about   $4,000. 

nf    roadway    had    been    increased    about    (i  .       .          ,           . 

Ucnmark    i  :2  ,^         ^-i   •,.                 \         r        r     ^  u  i         ^i  An   examination  of   the   iron    superstruc- 

..    ,      ,      ,                                                        _  ft.   until  It  was  onlv  a   few   feet  below  the  ,              ,          ,   .              r        j     , 

Netherlands    i  H  ^         ,       ,      ,   ^,        '                ^.        ,    ^        ,  ture  was  also  made  and  it  was  found  that 

„                                                                          _  top  chord  of   the  trusses.     The  abutments 

irancc   \iM  ,     ,    ,                    .    ,.,                     ,                ^    ,  this  was  m  poor  condition.     If  everything 

_  ,   .                                                                   ^  ,  had    been    raised   the    required    amount    bv                              '^      ,          ■    .  , 

Belgium    1  (.:i  .         ....          ,               ,           ,,     1    -1           .   '  had  been  in  good  condition  this  iron  bridge 

_                                                                         ^^  ^  the  addition  of  concrete  walls  built  on  top  .    ,        .  ,                                , 

licrmany    2)0       would   have   carried    safely   a   concentrated 

Hungarv   27..".  *Paper    read   before    the    Ohio    Engineering  load  of  about    10  tons  or  a   uniformly   dis- 

Austria    32.6  tCIeveland,  Ohio.  Iributed    load    of   alinut   On    lbs.    per    sq.    ft. 
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<.|  riia<lua>  MowfMT,  niaiiv  <ii  ilio  mtii 
cal  p<psiN  wore  badly  lirnt.  iltu-  very  largely 
H'  ihf  peculiar  l■^ln^trllClil>M  df  llic  l)ri«lgc 
aiul  Id  llic  faci  thai  whrn  the  ruaduay  lia<l 
been  raised,  (lie  ends  of  the  l>ridf;e  had 
been  eoiicreled  in  and  no  provision  had 
been  made  for  expansion  and  contraction. 
It  was  not  deemed  possible  properly  to 
slraiKhlen  these  (losts  willniul  takinK  them 
out  of  the  structure  and  as  this  entailed 
the  complete  dismantling  of  the  trusses 
and  rebuildiiiR  them,  it  was  figured  that 
this  coud  not  be  done  for  less  than  f'J.iKXi 
anil  the  bridge  would  not  then  be  suffi- 
ciently strong  to  carry  the  loads  which  it 
should  be  able  to  carry.  In  view  of  the 
fact  then  that  this  bridge  could  not  be  re- 
built for  less  than  $fl,l«l(i  ;ind  would  then 
not  be  as  strong  as  it  should  be.  it  was 
decided  to  build  a  new  bridge  .ind  the 
writer  was  conmiissioned  to  prepare  plans 
and  superintend  the.  construction. 

The  writer  had  already  at  the  request 
of  Mr.  Laylin,  County  Engineer,  made  an 
appro.\imate  estimate  of  the  cost  of  a  re- 
inforced concrete  arch  at  this  point,  plac- 
ing the  figure  at  $IS,17i>.  While  the  writer 
decided  from  the  lirst  that  a  reinforced 
concrete  bridge  was  the  proper  construc- 
tion for  this  particular  structure,  it  was 
decided  to  ask  for  aiternative  propositions 
on  both  concrete  and  steel  designs. 

The  bridge. as  designed  and  as  cr.n- 
structed  consists  of  a  single  3-hiuged  re- 
inforced concrete  arch  of  W>  ft.  span  cen- 
ter to  center  of  lower  hinges,  and  -M  ft 
•i  ins.  rise  center  to  center  of  lower  and 
upper  hinges,  with  cantilevers  at  each  end 
of  37  ft.  3  ins.  length  from  the  center  of 
the  lower  hinges  to  the  ends  of  the  canti- 
levers giving  a  total  length  of  '2W  ft.  C> 
ins.  between  abutments.  The  width  of  the 
roadway  is  l!<  ft.  between  curbs  and  the 
total  width  of  bridge  is  21  ft.,  the  arches 
being  designed  for  the  addition  of  side- 
walks at  any  lime  in  the  future,  provision 
for  which  has  been  actually  made  by  im- 
l.eflding  holts  in  the  concrete  on  the  south 
side  of  the  bridge. 

The  arch  consists  of  two  parallel  ribs. 
The  reinforced  concrete  Hoor  which  con- 
stitutes the  wearing  surface  of  the  road- 
way is  carried  by  longitudinal  and  cross 
beams  which  in  turn  are  supported  by 
spandrel  posts  carrying  their  loads  to  the 
arch   rings. 

There  are  two  great  advantages  to  this 
ivpe  of  constuction  over  the  solid  arch  with 
earth  fill  Ijctween  the  solid  spandrel  walls. 
One  is  the  provision  of  a  concrete  wear- 
ing surface  for  the  roadway,  which  we 
know,  now,  furnishes  almcst  an  ideal 
wearing  surface  for  light  traffic,  and  the 
other  is  the  absence  of  waterproofing, 
which  iK'Comes  a  very  serious  problem  in 
the  case  of  a  solid  filled  arch.  In  addition 
to  these  two  advantages,  the  lightness  of 
the  construction  which  reduces  very  much 
indeed  the  thrusts  on  the  abutments  is 
also  a  great   advantage. 

The  3-hinged  type  of  structure  was  se- 
lected  for  two  reasons      I"  'b.-   firsi   pln.-c, 


■ili  ^irisses  were  ;tt)»..  iniit-i)  ftelrrnnnule, 
there  being  no  uncertanil>  whatever  m  re- 
gard to  the  stress  in  anj  member  of  the 
bridge,  and  in  the  second  place  it  was 
actually  cheaper  for  a  structure  of  this 
particular  type  than  a  hingclcss  arch  For 
this  particuLir  structure  the  thrust  at  the 
crown  for  a  3-hingcd  arch  was  .Mtl.tMMt 
lbs.,  while  the  thrust  at  the  crown  for  a 
fixed  arch  was  .V_'n,u(Mi  lbs.  The  princi- 
pal economy,  however,  of  the  :t-hinged 
over  the  hingless  arch  for  an  arch  of  this 
type  and  dimensions  was  due  to  the  de- 
creased bending  moments  in  the  arch  rings 
caused   by  the  cantilevers. 

As  a  matter  of  fact,  the  sum  of  the 
total  bending  moments  at  each  panel  point 
in  the  't-hingeil  arch  amounted  to  only 
about  ■-■">  per  cent  of  the  sum  of  the  total 
bending  moments  in  the  hingeless  arch. 
The  cost  of  the  hinges  necessary  for  the 
3-hinged  arch  was  very  considerably  less 
than  the  cost  of  the  additirnal  steel  rein- 
forcing in  the  arch  ring  required  to  take 
care  of  the  additional  bending  moments 
in  the  hingeless  arch.  This  is  a  matter 
that  the  writer  went  into  with  consider- 
able detail  as  he  confesses  that  he  was 
rather  surprised  himself  at  the  result  and 
could  hardly  believe  it  until  he  had  care- 
fully checked  over  the  figures.  The  re- 
sult certainly  constituted  a  very  decided 
argument  in  favor  of  the  3-hinged  arch. 
The  cast  steel  hinges  arc  entirely  encased 
in  concrete,  this  having  been  done  after 
the  centers  were  struck,  a  %-in.  plate  of 
sheet  lead  having  been  placed  at  the  cen- 
ter of  each  hinge  to  allow  the  necessary 
motion  of  the  arch  rib  under  live  load 
and  temperature  stresses.  In  this  way  all 
possibility  of  corrosion  of  the  steel  hinges 
has  been  avoided. 

The  cantilever  ends  decrease  the  dead 
!(>ad  thrust  on  the  center  hinpes  about  one- 
quarter,  decrease  considerably  the  angle 
which  the  resultant  thrust  rn  the  lower 
hinge  makes  with  the  vertical,  this  de- 
creasing the  size  of  abutment  required  and 
eliminate  entirely  the  necessity  for  pro- 
viding sliding  expansion  joints. 

The  elimination  of  the  sliding  expansion 
joint  is  a  very  desirable  feature  in  a  bridge 
of  this  character,  as  such  joints  are  diffi- 
cult to  construct  and  are  very  apt  to  give 
trouble. 

There  is  no  connection  whatever  be- 
tween the  ends  of  the  cantilevers  arid  the 
abutments,  an  open  vertical  joint  being 
provided  at  these  points.  The  vertical  mo- 
tion of  these  joints  is  a  negligible  quan- 
tity in  a   structure   of  this  kind. 

The  f<iundations  of  the  skewback  piers 
which  are  new,  are  rock  at  tlie  east  end 
of  the  bridge  and  a  good  quality  of  shale 
at  the  west  end  of  the  bridge,  the  foot- 
ings being  carried  down  about  S  ft.  be- 
low the  water  line  in  each  case. 

The  rock  is  evidently  an  outcrop  of  the 
Rerea  sandstone  hut  is  very  rotten  and 
uncertain  at  this  point  and  although  plain- 
ly exposed  to  view  in  the  river  bed  and 
ill   the   -ides   of   the   hills,   it    was   necessary 


III     blast     I  ui     i,irgi     i|u:iiiiMi  '      it 

was    full   of   clay    pockct^  en- 

countered  a   small    |H>cket   of   141:: 

-At   the  west    i-nd    wr  did   ivt    ■ 
i:t   all  but  doi:'  -e  to  the 

same  as  the   -;  iiily   hard 

til  sup|K>rt  the  footings.  .\s  the  load  on  the 
footings  did  not  exceed  five  tons  per  sq. 
ft.,  we  did  not  consider  it  necessary  to 
carry  the  excavations  to  rock. 

The  east  abutment  consists  of  the  old 
abutment,    the    only    eh:r  '•     thereto 

leing  the  addition  c  f  u  1  -  vail.    The 

old  west  abutment  was  razed  to  the  line  of 
the  slope,  large  quantities  of  stone  taken 
therefrom  being  deposited  against  the  toe 
of  the  fill  to  prevent  against  scour.  .\t 
the  west  end  of  the  bridge  a  new  abutment 
was  built  from  stone  taken  from  the  old 
west  abutment  and  then  faced  with  con- 
crete for  the  sake  of  appearance. 

One  of  the  features  of  the  construction 
is  the  use  of  a  very  large  part  of  the  iron 
from  the  old  bridge  which  was  carefully 
cleaned  by  scraping  and  burning  off  the 
paint  and  placed  in  the  new  bridge  as  re- 
inforcing material,  most  of  it  being  put 
into  the  arch  rings,  vertical  posts,  and  the 
top  stringers.  .X  very  satisfactory  part  of 
the  construction  was  the  use  of  the  eye 
bars  of  the  lower  chord  of  the  old  bridge 
together  with  the  end  diagonals  to  take 
care  of  the  tension  caused  by  the  canti- 
lever ends,  in  the  longitudinal  beam  along 
the  top  of  the  new  bridge. 

Provision  was  made  at  the  lacks  of  the 
center  hinges  for  connecting  the  eye  Iwrs 
'o  the  hinge  by  means  of  a  pin.  From  the 
hinge  the  eye  bars  extended  along  the  top 
Ic.ngitundinal  beam  toward  the  ends  of  the 
cantilever  where  the  bars  from  the  two 
sides  of  the  bridge  were  bent  around  the 
cud  and  joined  together.  The  connections 
between  the  eye  liars  were  made  by  the 
fse  of  iiins  from  the  old  bridge.  These 
pins  anil  the  heads  of  the  eye  bars  fur- 
nished the  best  kind  of  anchorage  for  the 
liars  in  the  concrete.  Plain  s<|uare  high 
carbon  Ijars  were  used  for  the  roadw.iy 
floor.  The  unit  stresses  in  the  steel  rein- 
forcement were  limited  to  2ft.n<1(i  lbs.,  but 
the  maximum  stresses  in  the  reinforcing 
rods  in  the  posts  and  in  the  main  arch 
....«-.  <iid  not  exceed  in  any  case  more  than 
one-half  the  amount. 

.A  gas  pipe  railing  was  adopted  because 
it  permitted  of  e^sy  removal  when  the  fu- 
ture sidewalks,  which  will  he  supported 
rpon  steel  brackets,  are  placed  upon  the 
bridge. 

Proposals  were  received  by  the  Board  of 
County  Commissioners  of  Huri  n  County 
on  June  4,  inW,  and  ten  bid-  were  re- 
ceived. The  engineer's  estimate  was  $!".- 
•Wft,  while  the  highest  biil  received  was 
$-.>ii,)»(i«  and  the  lowest  bid.  that  of  the 
Schillinger  Bros,  of  Columbus,  was  $|.'>.- 
iiTm.  One  hid  received  was  for  $I4,T'*I  for 
a  steel  bridge,  but  as  thi-  steel  bridge  did 
not  have  the  carrying  cap.icity — that  is,  it 
was  not  figured  for  as  heavy  live  loads  as 
the   engineer's    design— it    cannot    be    coirt- 
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pared  with  the  same  ab  to  cost.  Two  al- 
ternative designs  were  submitted  for  re- 
inforced concrete  arches,  the  bid  of  one  be- 
ing $17,671  and  that  of  the  other  $18,86.5. 
Both  of  these  bids  were  upon  solid  span- 
drel-filled arches  and  did  not  provide  for  a 
pavement,  the  addition  of  which  would 
very  considerably  increase  the  cost  over 
these  figures.  The  alternative  designs  sub- 
mitted by  one  of  the  bidders  consisted  of 
steel  designs  only.  This  party  submitted 
six  alternative  designs,  the  highest  priced 
design  being  comparable  in  capacity  and 
pavement  to  the  engineer's  design  and 
amounting  to  $17,869.75.  The  lowest  priced 
design  was  for  a  cheap  steel  bridge  with 
a  timber  floor  and  lighter  load  then  the 
engineer's  design  for  w'hich  the  bid  was 
$14,781.75,  or  almost  as  much  as  the  low- 
est bid  received  on  the  engineer's  design. 

The  successful  contractors  made  a  differ- 
ence of  1  ct.  per  pound  between  furnish- 
ing the  new  reinforcing  steel  in  place  and 
putting  in  place  the  old  iron  reinforcing. 
-As  this  difference  is  considerably  in  excess 
of  the  scrap  value  of  the  iron  at  present 
prices,  it  shows  that  it  was  economical  to 
dispose  of  the  old  iron  in  this  way.  The 
engineer's  estimate  shows  a  difference  of 
1%  cts.  between  new  steel  and  old  iron  and 
some  of  the  unsuccessful  bidders  made  as 
much  difference  as  this.  In  fact,  one  bid- 
der made  as  much  as  2%  cts.  difference  be- 
tween the  two  items,  while  one  bidder  made 
no  difference  at  all.  How-ever,  there  was 
not  one  bidder  out  of  the  ten  that  did  not 
make  at  least  1  ct.  difference  and  most  of 
them  2  cts.  difference. 

The  bridge  was  proportioned  to  carry  a 
uniformly  distributed  live  load  of  100  lbs. 
per  sq.  ft.,  or  a  live  load  of  18  tons  con- 
centrated on  four  wheels  5  ft.  gage  and 
10  ft.  center  to  center  of  axles  with  an 
impact  stress  added  to  the  concentrated 
live  load  equal  to  that  given  by  the  formula 
5- 150 

/  = 

L  -t-  300 
where  /^impact  stress;  S^  calculated 
maximum  live  load  static  stress,  and  L  = 
length  of  loaded  distance  in  feet  which 
produce  the  maximum  stress  of  the  mem- 
ber. 

The  unit  stress  allowed  on  steel  bars  was 
"20,000  lbs.  per  sq.  in.  in  the  roadway  slabs 
where  high  carbon  bars  were  used  and  the 
maximum  stress  was  caused  by  the  con- 
centrated live  load,  and  16,00t^  lbs.  in  all 
other  places.  The  corresponding  stresses 
in  compression  were  12,000  and  10,000.  The 
maximum  allowed  compression  in  concrete 
was  750  lbs.  per  sq.  in.  under  cross  bend- 
ing stresses  when  computed  by  the  straight 
line  method  (which  corresponds  to  about 
640  lbs.  actual  unit  stress)  and  500  lbs.  per 
sq.  in.  under  direct  compression.  No  al- 
lowance was  made  for  concrete  in  tension. 
The  maximum  allowable  shearing  stress  on 
concrete  was  50  lbs.  per  sq.  in. 

All  concrete  used  in  the  arch  rings,  floor 
and  arch  details  was  composed  of  1  part 
cem.ent,    2    parts    sand    and    4    parts    stone 


{Vi  to  IVz  in.),  while  the  concrete  for  the 
skewbacks  was  composed  of  1  part  cement, 
3  parts  sand  and  6  parts  stone. 

No  facing  mortar  was  used,  but  great 
care  was  taken  to  ensure  the  flushing  of 
the  concrete  against  the  forms. 

In  the  construction  of  the  centers  an 
allowance  of  1  in.  was  made  for  settle- 
ment of  forms,  etc. 

Some  changes  were  made  in  the  work 
during  construction  consisting  of  addi- 
tional grading,  additional  masonry  in  the 
west  abutment,  etc.,  bringing  the  final  esti- 
mate up  to  the  sum  of  $16,870.45,  which 
it  will  be  seen  is  about  $600  less  than  tlic 
engineer's   estimate. 

The  contract  was  awarded  to  the  Schil- 
linger  Bros,  of  Columbus,  Ohio,  and  Chi- 
cago, III.,  and  work  was  commenced  on 
July  1.  The  excavation  for  the  east  piers 
was  commenced  on  July  15.  The  method 
of  construction  is  briefly  as  follows : 

Posts  were  set  on  the  rock  bed  of  the 
river,  a  dowel  pin  being  placed  in  the  bot- 
tom of  each  post.  This  false  work  was 
carried  only  as  high  as  the  center  of  the 
lower  hinges  of  the  new  arch.  The  west 
end  of  the  old  iron  bridge  was  lowered 
upon  cribbing  built  upon  this  false  work. 
Two  panels  of  the  bridge  at  a  time  were 
taken  down,  the  cribbing  being  carried 
back  and  placed  under  the  bridge  as  it  was 
needed.  The  east  end  of  the  bridge  during 
this  time  remained  upon  its  abutment.  This 
method  of  lowering  the  old  bridge  served 
to  cause  any  possible  settlement  in  the 
false  work  before  it  was  called  upon  to 
carry  the  concrete  of  the  arch.  Consider- 
able difficulty  was  experienced  in  taking 
the  old  structure  down,  since  the  clearance 
between  the  pins  and  the  eye-bars  were  so 
small  that  it  was  a  very  difficult  matter  to 
drive  out  the  pins.  The  old  bridge  cer- 
tainly exhibited  a  very  high  degree  of 
workmanship  which  doubtless  made  it  per- 
form its  work  satisfactorily  for  so  long  a 
time  in  spite  of  the  fact  that  it  was  such 
a  very  light  structure. 

While  this  bridge  was  being  taken  down 
the  e.xcavations  were  made  for  the 
skewbacks  and  the  concrete  placed  therein. 
The  forms  for  the  ribs  were  also  made 
during  this  time  in  the  contractor's  yard 
at  the  west  end  of  the  bridge.  The  plant 
consisted  of  a  concrete  mixer  placed  at 
the  west  end  of  the  bridge  and  an  engine 
and  derrick,  the  latter  being  placed  as  close 
to  the  location  of  the  west  abutment  as 
could  be  done.  The  material  from  the 
excavation  for  the  west  skewback  and  also 
the  material  from  the  old  west  abutment 
and  from  the  slopes  was  handled  in  buckets 
by  this  derrick  and  deposited  south  of  the 
approach  to  the  west  end  of  the  bridge. 
This  derrick  was  provided  with  a  70  ft. 
boom.  A  small  stiff-legged  derrick  was 
used  on  the  old  bridge  to  remove  the  top 
chord  and  to  lower  down  the  bridge.  After 
the  excavation  was  completed,  the  boom 
nf  the  big  derrick  was  shortened  to  50  ft., 
run  straight  up.  a  steel  cable  run  across 
the  river,   and  all   forms  and   lumlier  were 


carried  out  by  this  cable.  It  was  also  used 
to  remove  the  forms  when  the  work  was 
completed.  A  runway  was  built  on  top 
of  the  cross  beams  of  the  false  work  and 
the  concrete  was  carried  out  on  this  run- 
way and  dumped  into  place. 

Two  men  were  kept  constantly  spading 
on  each  side.  The  concreting  of  the  main 
ribs  was  begun  on  Oct.  7  and  finished  on 
Oct.  12.  Then  the  columns  were  concreted 
and  the  longitudinal  beams.  The  cantilever 
forms  were  then  finished  •  and  the  bend 
panels  of  the  cantilevers  were  concreted 
so  that  no  settling  would  take  place  when 
the  rest  of  the  cantilevers  were  run  and 
thus  make  possible  a  crack  where  the  canti- 
levers joined  the  main  columns.  The  con- 
creting of  the  floor  was  finished  Nov.  1 
and  the  centers  under  the  arch  ribs  were 
struck  on  Nov.  16.  The  settlement  of  the 
arch  ribs  on  removal  of  the  forms  was 
3/64  in. 

The  bridge  was  built  under  the  direction 
of  the  authorities  of  Huron  County,  Mr. 
John  Laylin,  County  Engineer,  and  Mr. 
Herrick,  Assistant  County  Engineer,  with 
the  writer  as  consulting  engineer.  The 
writer  was  represented  on  the  work  by 
Mr  E.  E.  Cowin.  B.  U.  Childs,  .A,.  G. 
Felton  and  E.  K.  Jennings  were  the  mem- 
bers of  the  Board  of  County  Commission- 
ers. 

The  contractors  were  Messrs.  Schillinger 
Bros.  &  Co.,  as  before  stated,  the  work  be- 
ing done  under  the  immediate  direction 
of  Mr.  John  McMichacl  as  superintendent, 
with  Mr.  Edward  Madden  as  foreman. 

Lehigh  Portland  cement  was  used 
throughout  the  work,  the  crushed  stone  be- 
ing furnished  by  the  BeUevue  Stone  Co. 
and  the  sand  by  the  Lake  Erie  Sand  & 
Construction  Co.  of  Huron.  The  high 
carbon  steel  rods  were  furnished  by  the 
Buffalo  Steel  Co.  The  steel  railings  were 
furnished  by  the  Republic  Structural  Steel 
Co.  of  Cleveland  and  the  steel  castings 
by  the  Bucyrus  Steel  Casting  Co.  of  Bucy- 
riis.  O. 


The  best  daily  record  of  excavation  on 
the  Isthmian  Canal  for  steam  shovels  since 
.\merican  occupation  was  made  on  Feb.  5, 
when  56  shovels'  in  the  Central  Division  re- 
moved 73,442  cu.  yds.,  an  average. of  1,311 
cu.  yds.  per  shovel.  Of  this  amount  17 
shovels  in  the  Empire  District  excavated 
26.004  cu.  yds.,  an  average  of  1,530  cu.  yds. 
This  is  the  highest  daily  record,  states  the 
Canal  Record,  that  has  been  made:  the 
highest  previous  daily  record  was  made  on 
Dec.  18,  when  50  steam  shovels  in  the  Cm- 
tfal  Division  excavated  70,087  cu.  yds.,  an 
average  of  1,402  cu.  yds.  per  shovel.  These 
shovels  are  under  steam  for  eight  hours  per 
dav. 


The  grand  total  of  e-xcavation  on  the 
Isthmian  Canal  for  the  25  working  days  of 
January  was  2,924,551  cu.  yds.  All  of  this 
amount  except  154,910  cu,  yds.  was  taken 
from  the  canal  prism. 
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The  Bonding  of  New  to  Old  Concrete.* 

IIY    t.    IV    Glx^liklCH,   M.    AM.    SOC.  C.    l_ 

The  necessity,  in  his  general  practice,  of 
securing  as  perfect  a  bond  as  possible  be- 
tween masses  of  concrete  which  are  de- 
posited in  abutting  positions,  but  with  long- 
er or  sliortcr  intervals  Iwlwecn  the  times 
of  deposit,  tusether  with  sevcr.il  demands 
for  expert  opinion  as  to  the  adequacy  of 
the  l»nd  secured  under  certain  Riven  cir- 
cumstances and  with  certain  materials  and 
methods,  led  the  writer  to  make  investiga- 
tions into  the  history  of  the  art,  and  to 
perform  a  series  of  experiments  in  the 
laboratory  of  the  I'olytechnic  Institute  of 
Brooklyn  to  determine  how  dusely  it  is 
possible  to  approach  a  truly  monolithic  con- 
dition at  such  joints,  when  care  is  taken 
in  executing  the  concreting  in  their  vicin- 
ity. 

MTER.MIRE  OF  THE   SUBJECT. 

The  principal  editorial  in  "Eiigitiecriiig 
Keiord"  of  Aug.  "i!*.  1!>08,  discusses  this 
subject  with  particular  acumen.  The  re- 
marks cud  with  the  statement : 

"To  sum  up  the  whole  matter  in  a  phrase, 
the  real  obstacle  militating  against  the 
bonding  of  fresh  concrete  to  old.  is  dirt. 
This  dirt  may  be  an  oily  substance  or  a 
finely  connninuted  material  forming  an 
inert  stratum  constituting  a  most  objection- 
able divide<l  joint,  or  any  similar  substance 
which  prevents  the  new  crystals  of  setting 
from  attaching  themselves  continuously  to 
those  already  existing.  It  is  commonly 
supposed  and  stated  as  a  general  proposi- 
tion that  new  concrete  cannot  be  bonded  to 
old.  There  may  be  room  for  legitimate 
diflFerence  of  opinion  as  to  the  practicability 
of  attaining  that  end.  .-^ny  process  not 
feasible  of  execution  under  ordinary  con- 
ditions of  work  may  be  so  difficult  as  to  be 
practically  impossible,  but  some  engineers 
of  experience  believe  that  bonding  new  con- 
crete to  old  will  not  long  be  classed  in  that 
category  If  such  a  bond  be  attempted 
with  a  truly  clean  surface  experience  shows 
that  intelligent  manipulation  involving 
some  pressure  will  insure  invariably  suc- 
cessful results.  It  has  many  times  been 
done  nn  a  small  scale,  and  it  is  not  too 
much  to  expect  that  under  suitable  condi- 
tions further  experience  intelligently  di- 
rected may  accomplish  the  same  ends  under 
ordinary  circumstances.  Efficiency  of  con- 
crete work  will  be  greatly  enhanced  in 
many  cases  if  such  an  important  end  can 
be  uniformly  attained  ;  and  when  it  can  be 
done  on  a  small  scale,  ultimate  success  on 
the  large  scale  of  usual  engineering  works 
i.  not  too  much  to  expect." 

The  use  of  oil  in  some  form,  coated  upon 
the  forms  so  as  to  prevent  the  adhesion  of 
any  concrete  to  them,  is  a  direct  cause  of 
much  trouble  when  a  good  bond  is  desired 
between   the   old  concrete   and   any   further 
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concrete,   stucco,  grout,   etc      The   prun.in 
reasons  for  the  use  of  this  oil  are ' 

(a)  To  prolong  the  life  of  the  loriii. 
(the  alternate  wetting  and  drying  tending 
to  rapid  deterioration),  although  the  nat- 
ural life  is  not  usually  long  enough  to  make 
this  item  of  much  importance. 

(b)  To  lessen  the  labor  incident  to  the 
removal  of  the  forms. 

(f)  To  lessen  the  breakage  of  the  forms 
due  to  sticking  while  being  removed. 

The  handling  of  oil  about  any  parts  of 
the  work  is  likely  to  provide  sufficient  ma- 
terial to  add  to  the  natural  difficulty  of  se- 
curing good  bond  at  far  distant  points. 
Men  carry  it  on  their  clothes,  their  shoes, 
and  their  hands,  and,  as  it  usually  floats  on 
water,  a  thin  film  is  likely  to  rise  to  the 
top  surfaces  of  fresh  concrete  everywhere 
and  remain  on  top  of  the  concrete  when 
the  excess  water  evaporates.  There  is  sel- 
dom enough  alkali  in  the  cement  to  sapon- 
ify completely  such  oil  within  any  appre- 
ciable lapse  of  time,  and,  even  when  such 
saponification  does  take  place,  the  soaps 
thus  formed  are  sometimes  not  readily 
soluble  in  water,  and  there  is  practically 
never  sofficient  water  used  to  dissolve  and 
remove  them,  even  when  they  are  soluble. 

For  these  reasons,  the  writer  has  lately 
made  it  a  practice  not  to  coat  his  forms, 
or  else  to  use  soap  for  the  purpose :  either 
hard  or  soft  soap  is  suitable,  and  the  only 
drawback  to  its  use  is  its  relatively  higher 
cost.  Its  prime  advantage  is  its  solubility 
in  clear  cold  water.  When  soap  is  used, 
it  is  necessary  merely  to  flush  the  srface 
thoroughly  with  water  to  remove  the  other- 
wise troublesome  film.  In  securing  a  bond, 
the  excess  water  is  useful  for  other  rea- 
sons, as  well. 

Laitancc  is  often  responsible  for  imper- 
fect bond.  This  point  is  discussed  in  the 
following  remarks  by  L.  J.  Hotchkiss*  on 
"Some  Details  of  Concrete  Construction": 

"Occasions  will  arise,  however,  where  a 
longitudinal  joint  in  a  wall  is  necessary, 
and  where  this  is  the  case  the  thorough 
cleaning  of  the  concrete  is  often  neglected. 
The  laitance  is  not  all  removed  and  dirt, 
shavings  and  sawdust  are  permitted  to  re- 
main in  the  forms.  This  work  cannot  be 
left  entirely  to  laborers,  but  must  have  effi- 
cient supervision  and  inspection  The  sur- 
face of  the  concrete  should  be  scrubbed 
with  wire  brushes  and  water  until  every 
stone  shows  clearly,  and  the  water  used 
in  the  scrubbing  should  be  flushed  off  and 
not  left  standing  in  the  forms  with  the 
laitance  in  suspension,  to  be  deposited  on 
the  concrete  again  as  soon  as  the  scrul)liing 
gang  has  gone.  Both  time  and  expense 
can  be  saved  if  the  cleaning  is  done  before 
the  concrete  becomes  hard.  It  can  he  done 
with  shovels  and  a  small  amount  of  wash- 
ing instead  of  the  protracted  scrubhhing 
necessary  later.  The  bond  obtained  in 
even  the  most  carefully  cleaned  joint  is  of 


uncertain   strength,  and  if   the  cleaning  is 
poorly  done,  there  is  no  bond  at  all." 

Shrinkage  cracks  almost  invariablv  re- 
veal themselves  in  reinforced  concrete 
floors  along  the  joints  between 
days'  work.  .-Xftcr  a  time,  ret.ir 
other  walls  of  mass  concrete  very  often 
reveal  even  the  horizontal  joints  between 
successive  deposits,  and  the  writer  knows 
of  one  such  wall  through  which  water  has 
found  its  way  to  such  .-in  extent  along  such 
joints  as  to  ruin  the  appearance  of  the  face 
of  the  wall  and  actually  cause  anxiety  as  to 
its  continued  stability. 

Taylor  and  Thompsont  cite  an  instance 
"In  the  New  York  Subway."  where: 

"Work  was  commenced  with  no  provi- 
sion for  bonding  horizontal  layers,  but  it 
was  soon  found  that  more  or  less  seepage 
occurred,  and  in  one  case  where  a  large 
arch  was  torn  down  the  division  line  be- 
tween two  days'  work  was  distinctly  seen." 

In  demolishing  old  concrete  work  with 
wedges  and  sledges,  an  experienced  work- 
man always  looks  for  the  joints  between 
successive  layers,  and  the  writer  has  often 
seen  large  masses  separated  by  using  only 
a  crowbar  when  the  old  seam  had  been 
discovered.  The  commonly  observed  hol- 
low sounds  which  issue  from  cement  side- 
walks and  floors  under  traffic  when  the 
floors  and  walks  have  been  constructed 
with  special  cement-finish  coats  are  always 
due  to  a  separation  having  taken  place  be- 
tween them  and  the  base  course.  This  is 
obviously  due  to  poor  bond,  .\fter  any 
considerable  lapse  of  time,  stucco,  mortar, 
plaster,  and  grout  which  have  been  applied 
to  mass  concrete  work,  are  oftener  found 
to  have  separated  than  to  have  retained  a 
perfect  bond  with  the  backing. 

Gillette  and  Hill*  call  attention  to  one 
primary  reason  why  proper  bond  is  difficult 
to  secure  on  horizontal  and  other  much- 
worked  concrete  surfaces,  where  the  mor- 
tar has  been  flushed  to  the  surface: 

"Concrete  which  has  set  hard  has  a  sur- 
face skin  or  glaze  to  which  fresh  concrete 
will  not  adhere  strongly  unless  special  ef- 
fort is  made  to  perfect  the  bond.  •  •  » 
The  secret  of  securing  a  good  bond  be- 
tween fresh  concrete  and  concrete  that  has 
set  lies  largely  in  getting  rid  of  tlie  glaze 
skin  and  the  slime  and  dust  which  form 
on  it." 

In  a  paper  on  "Construction  Details  of 
Reinfi-rcecl  Concrete  Work."tt  De  Forest 
H.  Dixon.  .Assoc.  M    .\m.  Soc.  C.  E.,  says: 

"The  >lopliig  off  of  concrete  in  the  beams 
and  girders  should  never  be  allowed.  It  is 
a  well-known  fact  that  there  is  almost  no 
bond  between  old  and  new  concrete  " 

And  again : 

"Granolithic  finish  should  be  placed 
monolithic  with  the  slab,  or,  if  placed  after- 
wards,  which   is  desirable   in   stables,  ,and 
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some  other  classes  of  work,  its  thickness 
sliould  never  be  less  than  1%  in.  Recently, 
an  acid  solntion  has  been  placed  on  the 
market  which  the  author  has  tried  in  sev- 
eral instances,  using,  in  some  cases,  finish 
as  thin  as  Vz  in.,  put  on  concrete  that  had 
attained  an  age  of  several  months.  This 
finish  has  been  in  place  for  three  months, 
and  thus  far  shows  a  perfect  bond." 

The  specifications  prepared  for  large  en- 
gineering works  to  be  executed  in  concrete 
usually  contain  a  short  clause  with  regard 
to  bonding  old  and  new  concrete,  but  they 
are  rarely  at  all  explicit,  the  exact  treat- 
ment usually  being  left  to  the  resident  en- 
gineer for  determination.  The  following  is 
the  standard  specification  for  work  of  this 
class,  incorporated  in  all  tlie  published  re- 
quirements for  the  several  parts  of  the 
new  Catskill  Water  Supply  Development 
for  New  York  City. 

"For  the  proper  bonding  of  new  ma- 
sonry to  old,  such  provision  shall  be  made 
of  steps,  dovetails,  or  other  devices  as  may 
be  prescribed.  Whenever  new  masonry  is 
joined  to  old,  the  surface  of  the  old  ma- 
sonry shall  be  thoroughly  cleaned,  usmg 
stiff  brushes  and  a  stream  of  water ;  the 
laitance  shall  be  scraped  off  and  the  sur- 
face shall  be  clean  and  wet  at  the  mo- 
ment '  the  fresh  concrete  or  mortar  is 
placed.  When  ordered,  a  thick  wash  of 
rich  mortar  shall  be  brushed  over  the  con- 
tact surface  of  the  old  concrete." 

This  specification  is  typical  in  the  main, 
being  rather  better  than  most  of  the  others 
in  the  writer's  possession. 

In  the  construction  of  tunnels,  and  heavy 
or  extensive  work  of  all  similar  kinds, 
joints  are  inevitable,  and  the  designer  must 
study  each  case  carefully  and  devise  proper 
quantities  and  arrangements  for  the  rein- 
forcement which  is  essential  to  securing  the 
work  against  the  appearance  of  shrinkage 
and  temperature  cracks  along  such  natural 
joints.  The  subject  of  setting,  shrinkage, 
and  change  of  size,  from  fluctuations  of 
temperature  and  humidity,  are  intimately 
connected  with  the  subject  of  bonding  old 
and  new  concrete,  but  will  not  be  discussed 
here,  although  they  have  all  been  investi- 
gated, both  experimentally  and  analytically, 
by  the  writer  in  this  and  closely  related 
work. 

Another  and  a  very  vital  and  closely  re- 
lated question,  and  one  which  exists  in  the 
minds  of  most  constructors,  is  as  to  the 
proper  place  in  reinforced  concrete  floor- 
beam  constructions  at  which  to  leave  the 
joint  between  successive  days'  work.  In 
the  last  analysis,  if  a  perfect  bond  could  be 
secured  between  the  successively  deposited 
masses,  it  would  not  matter  in  the  least 
how  or  where  one  day's  work  were  stopped. 
Usually,  a  compromise  has  been  deemed 
best,  and  the  joint  made  at  about  the  quar- 
ter point  in  the  span  of  a  beam  or  slab, 
where  neither  the  bending  moment  nor  the 
shear  is  a  maximum. 


P.\TENTED   PROCESSES. 

.•\11  the  treatises  on  concrete  discuss  this 
important  subject  of  bonding,  but  tell  very 
little  of  real  value.  Ernest  L.  Ransome. 
Assoc.  Am.  Soc.  C.  E..  has  secured  several 
patents  on  the  general  treatment  of  con- 
crete surfaces,  with  mechanical  bonding  de- 
vices and  with  acids,  to  secure  a  better  con- 
nection ;  and  other  methods  have  been  de- 
vised which  make  use  of  bituminous  and 
other  compounds  to  be  applied  to  the  old 
work  and  in  preparing  the  new  mortar 
These  are  mostly  used  where  it  is  the  in- 
tention to  apply  stucco  or  plaster  to  mass 
concrete.  Usually,  these  compounds  are 
also  claimed  as  resisters  of  dampness  as 
well  as  bonding  agents.  Only  one  such 
process,  not  primarily  for  damp-resisting 
purpose,  is  known  to  the  writer.  In  it  a 
special  preparation  of  coal-tar  is  used  in 
the  place  of  water  in  mixing  the  mortar 
for  the  new  floor  or  sidewalk  wearing  sur- 
face. 

Tlie  first  patent  (No.  ()4T!»n4),  issued  to 
Mr.  Ransome,  concerning  the  subject  of 
bonding,  was  dated  1898,  and  covers  a 
"concrete  joint  strengthened  with  a  metal- 
lic coil  embedded  in  both  of  the  joined 
masses."' 

Patent  No.  694578,  also  issued  to  Mr. 
Ransome,  covers : 

"The  method  of  forming  a  bond  between 
two  bodies  of  concrete,  which  consists  in 
first  sprinkling  over  the  surface  of  the  first 
made  body  of  concrete  while  yet  soft  and 
unset,  a  layer  of  prepared  honeycomb  slag, 
embedding  the  same  into  the  surface,  allow- 
ing the  concrete  to  set  and  after  removing 
all  superfluous  slag,  covering  it  and  em- 
bedding its  exposed  surfaces  with  the  sec- 
ond body  of  concrete." 

Patent  No.  767582.  issued  to  Mr,  H.  L. 
Lewman.  is : 

"In  a  concrete  construction,  adjacent  sec- 
tions connected  by  a  bendable  tie-piece  hav- 
ing looped  portions  embedded  in  each  sec- 
tion with  fts  free  ends  meeting  at  its  mid- 
length,  and  a  connecting  strip  extending 
between  said  looped  portions  of  the  tie- 
pieces  and  having  its  free  ends  bent  to 
intersect  the  body  thereof,  or  with  a  rod 
extending  through  the  opposite  loops  of 
each  tie-piece  at  an  angle  thereto." 

The  best  known  of  these  patents  is  No. 
800942,  issued  to  Mr.  E.  L.  Ransome  in 
1905.     It  has  to  do  with  : 

"The  improvement  in  the  art  of  forming 
structures  of  concrete  and  the  like,  which 
consists  of  forming  a  layer  of  plastic  ma- 
terial containing  cement,  and  permitting  the 
same  to  harden,  in  removing  portions  of 
the  hardened  surface  of  said  layer  by  the 
application  of  an  acid  thereto,  fn  removing 
from  said  surface  by  washing  the  excess 
of  acid  and  resultant  salts  and  disinte- 
grated material,  and  in  forming  a  second 
layer  of  plastic  material  containing  cement, 
over  said  surface  of  the  first  layer,  and  per- 
mitting the  second  layer  to  harden,  where- 


by to  form  a  perfect  bond  between  tlie  two 
layers." 

In  a  pamphlet  describing  the  use  of  a 
special  mortar  for  cement  floors,  stucco, 
etc.,  Albert  Moyer,  Assoc.  Am.  Soc.  C.  E., 
gives  the  following  method  of  securing 
proper  adhesion  between  old  and  new  ce- 
ment in  cement  floor  work ; 

"Sweep  off  the  concrete  surface  thor- 
oughly with  a  broom,  wash  the  surface  with 
clear  water  and  sweep  off  with  a  broom. 
\s  soon  as  the  excess  water  has  been  taken 
up  by  the  atmosphere  or  absorbed  in  the 
concrete,  paint  the  surface  with  a  solution 
of  one  part  commercial  muriatic  acid,  three 
parts  water :  paint  on  three  coats  one  right 
after  the  other.  Within  a  few  minutes  wash 
off  the  surface  with  clear  water,  sweeping 
with  a  stiff  broom.  This  removes  all  par- 
ticles of  dead  cement  which  may  remain, 
on  the  surface,  exposing  each  grain  of  sand 
and  other  aggregates  which  compose  the 
concrete  in  very  much  the  same  condition 
as  they  were  before  being  mixed.  This 
also  wets  the  concrete  quite  thoroughly. 

"While  the  concrete  is  still  wet.  place  an 
inch  coat  of  mortar     *     *     *      - 

The  removal  of  efflorescence  from  con- 
crete work,  by  the  application  of  an  acid 
wash,  is  so  similar  in  method  and  result 
to  that  required  in  obtaining  a  perfect  bond 
that  the  following  description*  may  well 
be  included  for  the  sake  of  completeness : 

Commercial  hydrochloric  (muriatic)  acid, 
diluted  with  from  4  to  5  parts  of  water)  was- 
applied,  and  the  surface  scrubbed  with  com- 
mon floor  scrub  brushes,  water  from  a 
small  hose  being  constantly  played  on  the 
concrete  while  the  cleaning  progressed,  so 
as  to  prevent  the  penetration  of  the  acid. 
The  cost  on  straight  work  was  estimated 
at  about  2  cts.  per  sq.  ft.  cleaned.  .'\n  ex- 
perienced stone  renovator  should  be  em- 
ployed whenever  possible.  Hydrochloric, 
acetic,  and  oxalic  acids  were  experimented 
with,  in  conjunction  with  the  scrubbing 
All  were  effective.  Hydrochloric  acid  was 
the  best,  requiring  less  scrubbing,  -\cetic 
acid  came  ne.xt  in  efficiency. 

In  this  case  the  endeavor  was  simply  to- 
remove  the  thinnest  possible  layer  from  the 
surface,  the  acid  being  prevented  from 
penetrating  to  any  appreciable  extent.  In 
the  patented  process  for  securing  deco- 
rative surface  results  on  concrete  by  etch- 
ing with  acid,  covered  by  letters  patent  No. 
716371  granted  to  Block  and  Richards, 
Dec.  23,  1902.  the  method  is  closely  anal- 
ogous to  that  necessary  to  secure  a  good 
bond,  and  is  described  as  follows: 

"The  process  of  producing  a  natural  fin- 
ish on  artificial  stone  composed  of  cement 
and  particles  of  natural  stone  by  subjecting 
it  when  molded  and  dried  to  a  solution  of 
muriatic  acid,  then  rinsing  the  same  in 
wafer,  then  subjecting  the  same  to  a  solu- 
tion of  carbonate  of  soda,  and  finally  rins 
ing  the  same  in  water." 


*AhstractPft    from    Enajineering;    News.    Oc- 
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J-LBLISHEO    EXI-ERIMENTS. 

Few  cxpcrinii-iils  have  thus  far  been  pub- 
lished with  rcKard  to  methods  of  bonding 
masses  of  concrete,  but  in  "Engineering 
Setcs"  of  Aug.  13,  1908,  is  given  an  ab- 
stract of  a  graduation  thesis  prepared  by 
Raymond  B.  Perry,  of  Case  School  of  Ap- 
phed  Science.  He  prepared  and  tested  by 
flexure  small  concrete-beam  specimens,  2% 
in.  square  and  27%  in.  long,  which  had 
been  spliced  at  their  centers.  A  variety  of 
methods  of  splicing  were  used,  none  of 
which  developed  the  strength  fif  an  un- 
spliccd  specimen.  His  results  and  deduc- 
tions are  repeated  here  for  future  refer- 
ence and  comparison. 

"While  experiments  of  so  limited  cliar- 
acter  are  not  .ibsolutc  in  their  results,  it 
may  be  concluded  with  some  degree  of 
certainty : 

■'(1)     That    the    bond    existing    between 


It  IS  stated  tliai  the  abuse  upluo,  autdc 
after  3i»  days,  were  better  tamped  than  the 
earlier  ones.  It  is  also  to  be  noted  that 
the  mechanical  arrangements  of  the  test 
brought  a  considerable  direct  compressive 
stress  upon  each  joint,  and  in  consequence 
these  tests  are  not  strictly  comparable  with 
any  others. 

The  specimens  were  of  the  same  size  and 
kind  as  those  described  above,  and  all  are 
open  to  the  objection  t>f  revealing  results 
comparable  only  with  one  another,  as  there 
is  at  best  only  an  approximate  relation  be- 
tween the  maximum  >lresses  developed  in 
bending  and  those  produced  under  direct 
stress. 

Professor  Morsch*  gives  the  following 
results,  showing  that  the  direct  stress  may 
be  considered  to  be  about  one-half  that 
developed  in  bcndinij  when  computed  ac- 
cording to  the  usual  formula.    The  stresses 
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Bhene 
Wet. 

123 
87 
124 
128 
124 


Smooth. 
Grouted. 

119 

1.11 

20T 
82 

124 

133 


Rough. 
Grouted. 

279 

211 

237 

22;', 

227 
236 


Smooth. 
Ransomite. 
232 
128 
220 
231 
14<; 
101 


Moulded 
Groove. 

173 

133 

12« 
128 
110 
133 


X.. 
Joint 
255 
23" 
249 
271 
257 
252 


new  mortar  or  concrete  and  old,  where  the 
old  surface  is  smooth,  is  very  slight. 

"(2)  That  about  one-half  of  the 
strength  of  the  concrete  is  developed  in  a 
joint  bonded  (<i)  by  roughening  the  old 
surface;  (fr)  by  applying  a  layer  of  cement 
paste;  (c)  by  providing  the  old  surface 
with  a  bonding  groove. 

"(3)  That  a  large  part  of  the  strength 
of  the  concrete,  perhaps  as  much  as  90%, 
is  developed  where  the  old  surface  is 
roughiiK-d  and  a  layer  of  cement  paste  is 
applied. 

"(■I)  That  such  a  solution  as  'Ransom- 
ite' practically  takes  the  place  of  the  rough- 
ening, since  a  liond  made  with  it  is  other- 
wise similar  to  the  one  made  in  these  tests 
by  roughening  the  old  surface  and  apply- 
ing a  layer  of  cement  paste." 

"Ransomite"  is  a  posvder  which  is  to  be 
dissolved  in  water  in  order  to  obtain  the 
bonding  solution. 

These  tests  closely  followed  some  experi- 
ments described  in  "Ainialcs  des  Ponis  cl 
Clwussecs,"  Pt.  "i.  Vol.  27.  1907,  the  results 
of  which  were  summarized  as  follows  in 
"Engineering  Mews"  of  Dec.  12.  1907 : 

"\  (neat)  cement  joint  is  an  aid  in  con- 
necting old  concrete  work  to  new,  and 
*  *  *  whether  this  joint  is  used  or  not, 
an  excessive  tamping  of  the  new  work 
near  the  joint  will  add  appreciably  to  the 
slrniKth  of  the  connection  " 

TAHLE    II.— FRENCH    TESTS. 

Spliced     after: 

Treatment    of    Joint. 

R-suliM  of  tests.  In  pounds  per  siiuare  lnch< 

Averase.    In    pounds    per  snuare    Inrh 

7  Days.  30  Days. 

No  Rrout.       Grouted.       No  grout.       Grouted. 
209  171  159 


are  in  kilograms  per  square  centimeter. 

The  writer  is  not  aware  of  any  experi- 
ments having  been  made  with  regard  to 
the  bonding  qualities  of  stucco  or  cement 
finish  for  concrete  floors  or  sidewalks,  ex- 
cept a  single  test  with  brick  as  a  backing, 
made  by  Professor  Ira  H.  Woolson,  at  Co- 
lumbia University,  for  the  exploiters  of  a 
special  water-proofing  cement  mortar.  His 
report  reads  in  part  as  follows : 

"Description  of  Specimens — Two  speci- 
mens were  submitted  for  test,  and  each 
consisted  of  a  common  red  building  brick, 
with  n  coating  on  one  side  of  about  one- 


iiig,  and  the  cement   face  was  placed  near 
10  it,  but  not  touching 

"In  this  narrow  air  space  between  the 
cement  and  board  the  thermo-couple  of  a  Le 
Chatclicr  electrical  pyrometer  was  placed, 
by  which  the  temperature  of  the  face  of  the 
cement  would  l>c  accurately  and  continu- 
ously recorded. 

"The  heat  wa5  raised  gradually  and  tem- 
perature read  every  three  minutes.  The 
total  time  of  heating  the  first  specimen  was 
\T>  minutes,  and  the  temperature  attained 
was  l,00<>'  F.  .\\  the  time  no  cracks  or 
other  defects  were  noticeable  in  the  ce- 
ment, and  the  brick  was  cool  enough  to 
allow  its  being'  easily  removed  from  the 
furnace  by  the  bare  hand  However,  in  a 
few  minutes  after  removal,  a  crack  devel- 
oped along  the  line  of  juncture,  between 
the  cement  and  brick,  which  gradually 
spread  until  it  had  separated  about  half  of 
the  cement   from  the  brick. 

"The  Cement  adhered  to  the  brick  so 
firmly  tliat  the  crack  in  places  ran  into  the 
body  of  the  brick  itself.  No  other  disinte- 
gration occurred. 

'The  second  specimen  was  heated  the 
same  way,  but  the  time  of  healing  was  re- 
duced to  14  minutes,  and  the  temperature 
to  600°  F. 

"This  specimen  showed  no  effect  what- 
ever due  to  the  heat  either  hot,  or  later 
when  it  bad  fully  cooled. 

"It  is  quite  evident  that  the  cracking  of 
the  first  specimen  was  due  to  unequal  ex- 
pansion of  the  brick  and  cement,  and  rapid 
cooling.  It  is  possible  that  the  cracking 
might  not  have  occurred  if  the  specimen 
had  cooled  slowly." 

( To    be    concluded. ) 


.■\t  a  meeting  of  the  Washington  Society 
of  Engineers  at  Washington.  D.  C.  on  Feb. 
U>.  Mr.  Van  H.   Manning.  Topographer  of 


TABLE    HI.— .MORSCH'S    TESTS. 
Mixture.  1:3  1 

Pereenlaiie    of   water 8  12  S 

Bending    stress '....11.4  23  I  16  1 

Direct    tension 12.S  10.5  9.2 


1 

1    ; 

:   7 

14 
16.7 
8.S 

8 
IS.3 
4.4 

14 
12.8 
&.S 

24 

97 
67 
63 


300 
223 


154 
142 
156 


302 
229 


half  inch  of  the  cement.  The  cement  was 
thoroughly  dry  and  hard. 

"Object  of  the  Test. — The  object  of  the 
test  was  to  ascertain  what  degree  of  heat 
the  cement  would  sustain  without  injury, 
cither  by  cracking  or  by  disintegration. 

"Method  of  Test. — In  onler  lo  develop 
the  full  effect  of  possible  differences  in  co- 
eflicients  of  expansions  due  to  heat  in  the 
two  materials,  the  specimens  were  heated 
on  the  cement  side  only,  and  the  brick  kept 
cnol  as  it  would  naturally  be  in  a  wall, 
where  the  face  of  the  wall  was  heated.  To 
accomplish  this  object,  the  specimens  were 
laid,  one  at  a  time,  hori/onlally  Inrfore  a 
side  opening  in  a  small  gas  blast  furnace. 
To  insure  that  the  heat  be  uniformly  dis- 
tributed over  the  whole  f.icc  of  the  cement, 
a  3-lf>  in.  sheet  of  composition  asbestos 
Ixiard  was  used  to  close  the  furnace  open- 


•"Elsenhetonljau,"    pp.    JS-J6. 


the  U.  S.  Geological  Survey,  gave  an  illus- 
trated lecture  on  the  overflow  lands  in  the 
Yazoo  Delta,  in  which  he  outlined  the  pre- 
liminary investigations  which  arc  now  be- 
ing made  by  the  United  Slates  Geological 
Survey  in  co-operation  with  the  Slate  of 
Mississippi,  leading  to  the  reclamation  of 
7,000  square  miles  extending  south  along 
the  Mississippi  River  from  a  point  ten 
miles  south  of  Memphis.  Following  this 
lecture  the  Society  gave  an  informal  recep- 
tion to  the  following  engineers,  who  ■•»c- 
conipanied  President-elect  Taft  to  Panama : 
l-"redcric  P.  Steams,  John  R.  Freeman. 
Ishani  R.-indolpb.  Capt.  Charles  I'  .Mien. 
.Mien  Ha/en.  James  I).  Schuyler,  .\rthiir  P. 
Davis.  The  other  out-of-town  giiests  were 
W.  H.  Code,  Chief  Engineer,  Indian  Re- 
clamation; L.  C.  Hill.  Supervising  Engi- 
neer, U.  S.  Reclamation  Service;  Marsden 
.Manson.  City  Fneineer.  San  Francisco. 
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Earth  and  Rock  Section 


Note:  This  Section  is  devoted  to  methods  and  costs  of  excavating  earth  and 
rock  and  building  embankments.  It  will  cover  the  grading  of  roads  and  rail- 
roads, diking  and  canal  work,  dredging,  building  reservoirs  and  earth  dams, 
sewer  and  water  pipe  trenching,  quarrying,  etc. 


Comments  on  the  Use  of  Wagons  in 
Transporting  Earth. 

(Continued  from  n.  Vi2,  F<.'b.  17.  l!lii!l.) 
Wagons  have  been  used  in  trains  in  tlie 
Rocky  Mountains  and  tlie  far  west  for  a 
great  many  years  in  liauling  materials  and 
supplies  where  there  are  no  railroads.  At 
one  time  horses  were  entirely  used  to 
draw  these  wagons,  from  6  to  24  horses 
being  hitched  in  a  team  and  from  two  to 
four  wagons  being  coupled  together.  The 
ilrivcr  rides  one  of  the  wheel  horses  an-'. 
drives  the  long  string  of  animals,  hitched 
in  pairs,  with  a  jerk  line.  However,  this 
jerk  line  does  not  control  the  two  horses 
hitched  to  the  end  of  tongue  of  the  iirst 
wagon,  just  in  front  of  the  wheelers. 
These  two  horses,  known  as  "the  point 
horses,"  are  quick  and  active  animals  and 
are  trained  for  their  work.  .AH  of  the 
lead  horses  except  these  two  are  hitched 
to  a  long  chain,  running  from  the  tongue, 
and  when  the  wagons  are  to  be  turned  the 
lead  horses,  being  guided  by  the  jerk  line, 
pull  in  the  direction  in  which  the  wagon 
is  to  go,  while  one  of  the  "point  horses" 
jumps  over  the  chain  and  the  two  pull 
in  the  opposite  direction.  This  keeps  the 
wagons  from  turning  too  short  which 
would  cause  them  either  to  upset  or  Ijreak 
the  coupling  of  the   hack  wagons. 

Hauling  in  this  manner  has  been  more 
economical  than  with  single  teams,  as  the 
long  team  of  horses  are  able  to  pull  along 
the  train  of  wagons  on  level  or  easy 
grades,  while,  when  heavy  grades  are  en- 
countered, the  train  is  broken  up,  and  the 
wagons  are  pulled  up  these  grades  either 
single  or  in  pairs,  the  entire  team  of 
horses  being  needed  on  the  steepest  moun- 
tain roads  for  hauling  a  single  wagon. 
This  same  method  could  be  used  for  haul- 
ing construction  materials  and  also  for 
hauling  earth. 

Today  in  the  west  traction  engines  are 
supplanting  the  horses  for  pulling  these 
trains  of  wagons,  and  in  some  cases,  as  in 
hauling  lutuber,  the  number  of  wagons  in 
a  train  has  been  increased.  In  the  Boer 
war  in  South  .Africa  traction  engines  with 
strings  of  wagons  were  used  to  haul  mili- 
tary supplies.  This  method  was  intro- 
duced from  Europe,  where  the  wagons  are 
called  "cars,"  and  have  been  used  in  trains 
for  many  years.  In  fact,  the  first  dump 
cars  invented  were  used  in  Europe  before 
the  days  of  railroads  and  were  pulled  by 
horses  in  short  trains.  With  traction  en- 
gines and  a  string  of  wagons  economical 
hauling  can  be  done. 

For  construction  work  this  method  has 
Ixcn   but   little   more  than   introduced   into 


the  United  States.  There  are  several 
types  of  traction  engines  on  the  market 
tor  this  class  of  work.  One  is  a  three- 
wheeled  engine,  another  being  the  four- 
wheeled  type.  Some  have  a  locomotive 
cab,  and  some  have  the  engines  mounted 
over  the  boilers,  while  others  are  under- 
mounted.  The  greatest  use  to  which  en- 
gines and  wagons  have  been  put  in  con- 
struction work  has  been  in  hauling  lum- 
ber, and  also  crushed  stone  for  wagon 
road  building.  There  is  a  great  use  of 
such  trains  of  wagons  in  earth  work. 

The  greatest  usefulness  of  this  method 
will  no  doubt  be  found  in  making  excava- 
tion from  large  pits  and  carrying  the  ma- 
terial over  a  long  haul,  into  large  struc- 
tures, as  reservoir  embankments,  dikes  or 
levees.  Today  such  work  is  either  done 
by  means  of  locomotives  and  cars  or  by 
single  teams.  The  steam  propelled  train 
of  wagons  will  be  found  more  economical 
than  single  wagons,  and  in  many  cases 
the  train  of  wagons  will  do  work  dieaper 
than  the  locomotive  and  train  of  cars. 

In  building  large  earthen  embankments 
for  reservoirs  trains  of  wagons  are  es- 
pecially adapted  to  this  work,  and  the 
more  so  if  the  embankment  is  high.  Bor- 
row pits  for  high  embankments  are  gen- 
erally opened  at  an  elevation  about  mid- 
way between  the  base  and  top  of  the  em- 
bankment, and  the  grade  of  track  laid  to 
start  the  work  and  likewise  to  finish  it  is 
generally  very  steep,  making  it  necessary 
to  use  short  trains  of  cars.  Then  for  ev- 
ery different  elevation  of  the  embankment 
the  track  has  to  be  changed  for  the  loco- 
motive and  cars.  The  traction  engine  and 
train  can  take  a  heavier  grade  than  the 
locomotive,  and  it  will  make  its  own  road 
over  the  embankment. 

.Another  expensive  item  in  building  large 
embanktuents  with  dinkeys  and  cars  is  the 
continual  shifting  and  lifting  of  the  tracks 
to  make  the  layers,  the  tracks  also  inter- 
fering with  the  spreading  of  the  earth,  and, 
to  some  extent,  the  picking  out  of  stones 
or  cobbles.  Much  of  this  expensive  work 
is  entirely  eliminated  when  a  train  of 
wagons  is  used  with  an  engine.  With  the 
ordinary  dump  wagon  with  a  short  tongue 
so  they  can  be  coupled  together,  work  01 
this  kind  can  be  done,  but  a  number  of 
wagon  manufacturers  are  now  placing  on 
ihe  market  a  special  wagon  for  this  char- 
acter of  hauling.  Such  wagons  have  about 
•")  cu.  yds.  capacity,  will  spread  or  partially 
spread  their  load  and  have  broad  tires  on 
the  wheels.  If  the  wagons  will  not  spread 
tlieir  loads,  or  if  the  layers  are  too  thick, 
either  a  device  can  be  attached  to  the 
wagon  to  spread  the  earth,  or  a  road  ma- 


chine can  be  coupled  to  the  train  on  the 
dump,  and  thus  spread  tlie  earth  as  it  is 
dumped.  The  heavy  traction  engines  and 
the  heavj-  wagons  with  broad  tires  would 
also  do  much  towards  compacting  the  lay- 
ers, thus  materially  reducing  the  cost  of 
the  rolling.  This,  too,  would  mean  that 
many  stones  and  cobbles  that  are  now 
picked  out  of  the  earth,  because  they  in- 
terfere with  the  rolling,  would  be  mashed 
down  into  the  embankment. 

This  would  save  much  money  in  the  em- 
bankment work  and  would  give  a  better 
embankment.  Tlie  writer  believes  that  the 
actual  hauling  would  be  as  cheap,  but  the 
cost  of  the  plant  would  be  higher,  but  this 
cost,  distributed  over  a  large  yardage, 
moved  each  year  and  over  several  years' 
work  would  only  amount  to  a  few  cents 
per  cubic  yard.  In  wet  weather  such  a 
train  of  wagons  could  not  go  onto  the 
embankment,  while  a  train  of  cars  could, 
but  the  feature  that  governs  embankment 
work  as  done  with  cars  is  the  spreading 
and  rolling,  and  a  traction  engine  with 
'^  or  4  ft.  tread  wheels  could  work  when- 
ever possible   for  the  rollers  to  be  used. 

Instead  of  laying  down  several  perma- 
nent railroad  tracks  from  the  borrow  pit 
to  the  embankment,  as  is  done  for  a  loco- 
motive and  cars,  a  wide  macadam  road 
should  be  built  for  the  wagons  and  en- 
gines. The  cost  of  the  two,  and  their 
maintenance,  will  not  vary  nuich. 

Such  trains  of  wagons  can  rcadil\  lie 
loaded  with  a  steam  shovel,  in  a  manner 
similar  to  a  train  of  cars,  but  the  quickest 
work  can  be  done  in  an  open  pit,  worked 
from  one  side  only,  as  on  a  side  hill. 

A  derrick  car,  derrick,  cableway  or  loco- 
motive crane  with  a  grab  bucket  could  also 
be  used  for  loading  the  train  of  wagons. 
With  this  method  of  loading  the  excava- 
tion can  be  made  at  a  much  lower  eleva- 
tion than  that  upon  which  the  wagons  arc 
loaded. 

•Another  method  of  loading  a  train  of 
wagons  is  by  lueans  of  an  elevating  grader. 
The  train  of  wagons  would  pull  up  along- 
side of  the  grader  exactly  as  a  single 
wagon  does,  and  the  train  and  grader 
would  start  off  at  the  same  time.  As  soon 
as  the  first  wagon  is  loaded  the  grader 
would  slow  up  until  the  second  wagon 
came  under  the  conveyor,  when  the  speed 
of  the  grader  would  be  increased,  and  the 
second  wagon  would  be  loaded.  This  op- 
eration would  be  continued  until  the  en- 
tire train  was  loaded.  With  this  method 
a  grader  would  be  worked  to  nearer  its 
real  capacity,  as  instead  of  loading  from 
1  to  "2  cu.  yds.  of  loose  inaterial  and  then 
stopping,  5  cu.  yds.  of  loose  material  would 
be  loaded  without  a  stop,  and  with  but 
little  lost  time  from  20  to  30  cu.  yds.  would 
be  excavated,  according  to  whether  4  or  6 
wagons  are  used  in  the  train.  Witli  one 
train  following  close  behind  another  m 
a  large  pit,  but  little  time  could  be  lost  by 
the  grader. 

If  solid  body  wagons  have  to  be  used 
to  haul  material,  there  are  several  devices 


February  24.   1909. 


ENGINEERING-CONTRACTING 


"47 


011  the  market  for  dumpini;  such  wagons. 
These  have  not  been  used  for  earth,  but 
there  is  no  reason  why  they  should  not  be. 
as  well  as  for  crusheil  stone  or  any  mate- 
rial that  will  dump  by  gravity. 

One  of  these  <lcviccs  is  known  as  the 
overhead  wagon  dump.  It  consists  of  a 
large  wooden  roller  mounted  overhead, 
with  a  gear  wheel  on  one  end.  A  chain 
runs  from  this  wheel  to  a  hand  power  on 
the  elevation  of  the  wagon.  Two  ropes 
attached  to  the  roller  arc  hooked  onto  the 
front  of  llie  wagon  and  by  winding  the 
ropes  around  the  roller  the  front  of  the 
wagon  is  raised  so  that  its  load  is  dumped 
out  of  the  end  of  the  wagon.  It  is  not 
necessary  to  block  the  wheels  of  the  wag- 
on, nor  is  there  any  danger  of  breaking 
the  coupling  pole.  The  load  can  be 
dumped  through  a  trap  from  a  platform, 
or  over  the  edge  of  the  platform  and  even 
on  level  ground.  The  ropes  are  fastened 
over  the  hubs  of  the  front  wheels. 

.\nother  device  is  one  for  use  on  a  plat- 
form, two  pieces  of  timber  being   pivoted 


trips  made.  In  this  way  a  unit  cost  per 
mile  of  either  a  cubic  yard  or  a  ton  is 
obtained  and  the  efficiency  of  the  team 
and  driver  is  shown. 

Such  a  record  means  cutting  out  of  lost 
time,  the  regulating  of  the  teams  so  only 
enough  are  employed  to  make  the  run  and 
keep  the  loading  force  steadily  employed. 

There  arc  a  number  of  ways  of  keeping 
:i  wagon  record.  By  means  of  tally 
boards,  having  the  wagons  numbered ;  by 
means  of  time  cards  upon  which  the  record 
is  kept,  or  by  means  of  punch  cards.  For 
different  materials  or  diflcrcnt  lengths  of 
liatds  different  colored  cards  can  be  used. 

There  arc  a  large  number  of  dump  wag- 
ons, dump  boxes  and  contractors'  wagons 
on  the  market.  Not  only  are  these  wag- 
ons made  by  many  different  manufactur- 
ers, hut  one  manufacturer  often  makes 
many  different  styles  of  wagons.  Although 
these  articles  have  to  a  great  extent  been 
confined  to  the  use  of  wagons  for  earth 
excavation,  yet  in  order  to  call  attention  to 
all  the  wagons  known  to  this  journal,  that 


A  Combination  Cableway  and  Derrick. 

luilay  the  use  i>i  ^;ablewa^^  lor  builtliiig 
sewers  is  rapidly  increasing,  as  is  also  the 
use  of  portable  derricks.  With  liolh  ma 
chines  good  work  can  be  done  lH)th  in  ex- 
cavating the  trench  and  in  placing  mate- 
rials in  the  construction  of  the  sewers.  On 
this  page  we  illustrate  a  combination  cable 
way  and  derrick  designed  for  spans  up  tu 
oOO  ft.,  that  promises  to  find  a  great  field 
of  usefulness  in  not  only  building  sewers 
but  in  many  other  classes  of  construction. 

The  general  plan  is  extremely  simple. 
The  derrick  is  built  on  a  car  with  a  hoist- 
ing engine  and  boiler.  Over  the  .\-framc 
for  the  derrick  is  erected  a  head  tower 
for  the  cableway.  .\  tail  tower  is  erected 
at  the  other  end  of  the  work  and  the  cable 
way  strung  and  anchored  to  dead  men  as 
shown.  In  moving  the  cableway,  only  the 
tail  tower  need  be  taken  down. 

It  is  possible  to  use  both  the  derrick 
and  cableway  at  the  same  time,  or  work 
can  be  carried  on  with  either.  This  ar- 
rangement means  a  saving  in  time  in  carry- 


•  ^'y  O^'r, 


near  the  center,  upon  which  the  wagon  is 
<lriven.  when  the  timbers  are  tripped  by  a 
lever.  W'luii  the  lever  is  thrown  there  is 
no  control  over  the  wagon,  which  rocks 
with  the  timbers,  thus  dumping  its  load. 

The  Rvans  wagon  dump  operates  in  a 
similar  manner,  except  that  the  tripping 
device  is  such  that  it  is  always  under  the 
control  of  the  operator.  The  wagon  is 
(lumped  by  means  of  a  lever  operated  by 
the  dumper's  foot,  and  is  righted  by  a 
crank.  .-X  strong  brake  keeps  the  wagon 
and  the  dumping  device  under  the  control 
of  the  operator  at  all  times.  The  wagon 
can  be  lowered  part  of  the  way  and  then 
lowered  farther  for  the  discharge  of  the 
balance  of  the  load. 

These  dumping  devices  have  been  used 
in  grain  elevators  for  dumping  farmers' 
wagons  delivering  wheat,  but  there  is  no 
reason,  as  previously  stated,  why  they  can- 
not be  employed  for  other  materials. 
These  three  devices  are  all  manufactured 
by  the  H.  W.  Caldwell  &  Son  Co..  of  Chi- 
cago, III. 

No  matter  what  kind  of  a  wagon  is 
used,  or  the  material  that  is  hauled,  there 
should  always  be  kept  a  record  of  the 
loads  made  by  each  wagon  used.  The 
reciird  should  show  the  time  consumed  in 
loading  for  each  trip  and  the  time  of 
making  the  round  trip.  The  length  of  the 
haul  should  also  be  recorded.  With  such 
a  record  every  minute  of  the  day  is  ac 
counted  for.  the  distance  traveled  each 
dav   is   also    recorded,   and    the    number  of 


Combination   Cableway   and   Derrick. 

are  now  on  the  market,  so  that  engineers 
and  contractors  may  learn  to  know  them 
all,  we  will  consider  all  the  uses  to  which 
such  wagons  can  be  used,  and  make  com- 
ment on  the  various  features  of  the  differ- 
ent wagons. 

The  manufacturers,  themselves,  issue 
catalogs,  pamphlets  and  circulars  descrip- 
tive of  their  wagons  and  calling  attention 
to  their  good  features,  and  any  one  wish- 
ing to  learn  more  of  each  make  of  wai;on 
than  we  are  able  to  give  in  our  limited 
space,  should  apply  directly  to  the  manu- 
facturer, whose  address   will  be  given. 

The  writer  has  had  an  extensive  experi- 
ence with  many  different  makes  of  dump 
wagons  hauling  various  materials,  and  has 
studied  the  method  of  operating  most  of 
the  wagons  on  the  market,  besides  having 
discussed  the  use  of  dump  wagons  with 
many  engineers  and  contractors,  as  well  as 
manufnclurcrs  and  their  sales  agents.  .\c- 
cordingly  he  hopes  the  comments  made 
may  be  of  assistance  to  others,  and  that 
such  comments  may  be  considered  as  the 
expression  of  opinion  not  only  of  himself 
but  of  others  who  have  either  used  or 
manufactured  wagons. 

(To  be  continued.) 


In  constructing  the  new  magnetic  survey 
yacht  for  the  Carnegie  Institute  "f  Wash- 
ington vanadium  bronze,  a  new  nonmagnet- 
ic metal,  will  be  used.  .\  gas  producer  will 
be  used  to  create  motive  power. 


ing  on  work.  This  design  was  gotten  up 
by  the  New  Vork  Cableway  &  Engineer- 
ing Co.,  2  Rector  St.,  New  York 

The  following  table,  abstracted  from  the 
report  of  the    Secretary    of     the     Interior, 

shows  estimated  cost  and  per  cent  of  com- 
pletion at  Dec.  31.  1!><>8.  of  the  various  ap- 
proved projects  of  the  U.   S.  Reclamation 

Service :  _ 

Per  cent 
Estimated     of  com - 

I-ocatlon. — Project.                  o<>8i  pletlon. 

Arliona— Salt   Klvcr $  :.9ni>.ni>f>  81. « 

Arliona-rallfomlii — Tiimji     .'.  •  SI.O 

California— urlaii. I    1  It. 2 

California  -  ( iri'itnn  —  Kln- 

mnth  IS. 5 

Colorado— Grand  Valley  . .     :  2  0 

Colorado— fncomiMhKri'. .  64.0 

Idaho — .Minidoka  iBravlly)  lOO.u 
Idaho — .Minidoka      (punip- 

Ingt    35.: 

Idaho       -     I'liv.-it.-  -  Boln.-. 

South    .<ld.-    lilvlKlon I. :«.'.. c>«0  47.: 

Kanims  — Cnrd.ii   Cliy .l.'i-^.iMlo  100.0 

.Montana  —  I>o»'<-r     Milk 

RlvtT «.!50.000  4.0 

Montana -Ifuntloy    g4fl.000  100.0 

Montana- -.s«iin  Rlvor,  Fort 

Shaw    unll 4S0,000  100.0 

Nebraska  -  Wyomlnit  —  N. 

Platte  4.S0O.0OO  93.3 

Nevada— Tnioki-r-CarKon.      4.S!>0.OOrt  sn.ii 

New    .M.\i...     c.irl»l«d...         «40.000  100.0 

Now  M-  ~            '         !■• .liii.tHM)  100.0 

New    M'                      'Imnd.-     S.nrto.ooo  .8 

Now  .M.  UK  mill  210.000  100.0 
North     iMLi.i.i         Biiford- 

Tr<>ntoii    316,000  100.0 

North  l>;iK..i:i     X. -vn     ..         740.000  4.5 

North  1'  474.000  100.0 
Norlh     I 

r^.«.t                                      .     2.754,200  82.5 

Or.                                    l,20S.40O  82.0 

S<'                                    .iirrhf.     3.400.000  58.S 

fl  .                                  Vnlliv.     ;.S,Si>.OoO  21.9 

\V..                                 ..itnn    .  .         .%Sr,.000  77.8 

\V..                                    sidi'  . .      :.2r.3.0flfl  39.1 

\V..-                               11    1. 800.000  54.8 

\VaiililiiKt>»>- \Va|>ato   ....     S.(00.000  S.6 

Wynminn— ShO!<honc 7,560,000  4Z.0 

Totol .889.431.500 
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The  Efficiency  of  the  Blow  Delivered 
by  a  Pneumatic  Hammer  Drill. 

In  our  issue  of  July  1,  1!III8,  we  published 
an  account  of  a  contest  of  different  makes 
of  pneumatic  hammer  drills  in  South 
.Africa,  the  article  being  condensed  from  a 
paper  delivered  before  the  Transvaal  In- 
stitute of  Mechanical  Engineers  by  Prof. 
J.  Orr.  In  the  discussion  that  took  place 
on  this  paper  Mr.  J.  H.  Hughes  gave  the 
following  data  on  the  etificiency  of  the 
blow  struck  by  some  of  the  drills  used  in 
this  contest.  The  Gordon  drill,  manufac- 
tured by  the  Ingersoll-Rand  Co.,  of  New 
York,  won  this  contest. 

"I  have  tried  to  fitid  OLit  the  most  effi- 
cient blow  to  be  delivered  on  to  drill  steels 
of  dififerent  diameters,  and  the  following 
notes  may  be  of  interest. 

I  have  calculated  the  number  of  foot- 
pounds of  work  expended  upon  the  rock 
per  second,  by  the  Chersen,  Baby   Ingersoll 
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0/ffwrfff  ty  Srsn   S/rs    i/sso 
Diagram   Showing   Efficiency  of  Blow. 

and  Gordon  rock  drills,  using  the  figures 
given  by  Mr.  J.  A.  Vaughan  for  the  num- 
ber of  blows  delivered  by  each  rock  drill 
as  being  approxiinately  correct.  In  the 
following  table  I  have  worked  out  the 
percentage  increases  or  decreases  for  the 
three  rock  drills  mentioned,  all  working 
on  a  steel  bit  of  V-k  in.  diameter;  but  from 
the  curves  submitted,  any  other  diameters 
of  steel  bits  may  be  dealt  with  in  the  same 
manner. 

In  the  curves  I  have  taken  the  average 
drilling  speed  of  each  drill  when  operating 
upon  the  second  hole,  but  eliminating 
all  holes  drilled  in  the  granite  block 
marked  D. 

From  the  table  it  will  be  seen  that  with  a 
percentage  difference  in  foot-pounds  of 
work  done  in  the  "Chersen"  and  "Gordon" 
drills  of  67.3  per  cent  at  tW  lbs.  pressvirc, 
and  consequently  in  the  air  consumption 
of  the  two  drills  on  their  forward  strc>kes, 
Ihe  difference  in  drilling  speed  is  only  21.S 
))er  cent. 
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"Chersen"     1.720       lOD  1.312         76.4 

"Babv    Ingersoll". l.OoS         61.6  760         14.2 

"Gordon"      563         32.7  430         25 

Speed  of  Drilling  in  Inches  Per  Minute  with 
114-in.  dia.  Steel  Bit  (Averages  of  Second 
Holes   Drilled    in   Granite   Blocks   A.    B  and 
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-And  in  a  difference  of  32.'2  per  cent  in 
the  work  expended  in  the  "Chersen"  and 
"Baby  Ingersoll"  rock  drills,  there  is  only 
a  difference  of  3..5  per  cent  in  the  drilling 
speeds. 

Other  comparisons  would  naturalU-  sug- 
gest themselves. 

From  the  above  data  I  conclude  that  it 
is  preferable  to  deliver  a  large  number  of 
light  blows,  such  as  are  given  by  the  Gor- 
don, to  a  smaller  number  of  heavier  blows, 
as,  evidently,  the  latter  blunt  the  steel  bits 
too  quickh'.  The  hainmer  type  of  drill,  as 
was  proved  in  the  case  of  the  Kimber,  has 
the  disadvantage  that  tlie  steel  bits  are 
very  apt  to  stick  in  the  hole  when  drilling 
at  a  depth  of  30  to  40  ins.,  even  with  auto- 
matic rotation  of  the  bit.  I  therefore, 
in  contradiction  to  the  conclusions  arrived 
at  b)'  Professor  Orr,  re  the  superiority  of 
the  hammer  type  of  rock  drill  to  the  recip- 
rocating type,  think  that  the  best  type  of 
rock  drill  for  sloping  purposes  will  be  of 
the  reciprocating  type,  but  which  will  give 
a  larger  number  of  lighter  blows  than  the 
types  at  present  in  use." 


A  bill  is  to  come  before  the  State  Legis- 
lature of  Iowa  providing  that  civil  engi- 
neers be  appointed  by  the  Board  of  Super- 
\isors  in  every  county  to  supervise  the 
building  of  roads,  bridges  and  drainage 
ditches.  The  bill  will  require  the  county 
engineer  to  pass  upon  plans  and  specifica- 
tions upon  which  bids  for  large  jobs  are 
sulimitted  and  to  prepare  plans  himself  for 
smaller  jobs  and  road  work  when  request- 
ed. He  would  have  supervision  over  all 
road  work  and  would  stand  between  the 
township  or  district  road  supervisors  and 
the  state  highway  cominission.  A  salary  of 
from  $1,000  to  $2,000.  at  the  di.scretion  of 
the  Bi'.-ird  of  Supervisors,  will  be  provided 
and  the  board  will  be  permitted  to  go  out- 
side the  county  to  secure  competent  engi- 
r.eers  when  necessary. 


The  Cost  of    Breaking    Up    Boulders 
by' Heating. 

One  method  of  breaking  up  large  boul- 
ders that  is  not  much  used  is  by  heating. 
The  work  is  very  simple.  The  boulders 
are  heated  by  building  a  fire  around  and' 
on  top  of  them,  and  after  the  rock  has. 
become  pretty  hot,  cold  water  is  thrown 
on  them  with  the  result  that  the  rock 
breaks  up  into  several  pieces  that  can  be 
easily  sledged  into  one  or  two-men  stones. 
In  clearing  a  lot  of  land,  some  years  ago, 
for  a  real  estate  development  the  writer 
used  this  method.  The  waste  wood  from 
the  trees  had  to  be  burnt,  and  by  piling 
this  around  the  surface  boulders,  they  were 
broken  by  being  heated  and  having  water 
thrown  upon  them  for  less  money  than 
it  would  have  cost  by  using  explosives, 
considering  the  fact  that  the  waste  wood 
had   to  be  burnt. 

Another  place  where  this  method  can- 
be  used  is  in  digging  cellars  in  cities  and 
towns.  A  few  large  boulders  may  be 
found  mixed  in  with  the  earth  excavation- 
and  without  a  derrick  they  cannot  be 
loaded  to  be  hauled  away.  It  is  dangerous 
to  "mudcap"  them,  and  to  drill  them  may 
mean  the  buying  of  both  steel  and  hammers. 
A  contractor  in  New  York  has  accord- 
ingly adopted  the  heating  method  under 
these  conditions. 

Recently  in  excavating  a  celler  he  en- 
countered four  large  boulders,  one  with 
1%  cu.  yds.  in  it,  and  one  with  1%  cu.  yds. 
These  two  were  found  on  the  same  day.- 
The  rock  was  mica  schist.  That  evening 
two  men  worked  overtime  to  break  up- 
these  boulders.  Discarded  boards  used 
in  till-  runways  were  split  up  to  make 
the  fire.  In  an  hour  the  stones  were 
heated  enough  to  break  them  so  they 
could  be  sledged,  and  1-5  minutes  more 
were  consumed  in  sledging  them.  Thus 
the  first  breaking  by  heat  cost  30  cts.,  with 
wages  at  15  Qts.  per  hour  and  the  sledging 
cost  7%  cts.  This  gave  a  cost  of  about 
10  cts  per  cu.  yd.  for  the  heating  and 
about  3  cts.  per  cu.  yd.  for   sledging. 

On  another  day  a  boulder  having  2%  cu. 
yds.  in  it,  and  one  with  1%  cu.  yds.  were 
dug  out  and  it  took  two  men  2  hours  to 
heat  and  break  these,  the  e.xtra  time  being 
needed  on  account  of  the  increased  size 
of  one  of  the  boulders.  This  was  at  a 
cost  of  16  cts.  per  cu.  yd.  for  breaking  up 
the  boulders  so  that  they  could  be  loaded 
into  a  wagon  liy  hand.  Nothing  has  been 
;dlnwcd  for  the  wood  as  it  was  w'aste 
and    would   have   been    thrown   awav. 


The  toial  number  of  Isthmian  Canal  em- 
ployes actually  at  work  on  Dec.  31,  was  24.- 
417. 


The  Hudson  &  Manhattan  R.  R.  Co..  which 
onerates  the  McAdoo  tubes  ruder  the 
>'orth  River,  at  New  York  City,  has  ap- 
])lied  to  the  Public  Service  Commission  for 
a  franchise  to  extend  its  tunnel  svstem 
from  the  nresent  terminal,  at  Sixth  .Ave. 
and  33rd  St.,  to  the  Grand  Central  Station, 
to  connect  with  the  Steinway,  or  Belmont, 
tunnel  under  the  East  River  and  with  the 
present  subway. 
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.Null- :  1  his  Scclion  Ls  dc-%<)lcil  ti>  methods  and  costs  of  road  and  street  con- 
struction. It  will  cover  road  tniildinK  in  all  its  deliiMs,  the  construction  of 
pavements,  sidewalks  and  gutters,  the  testing;  and  use  of  paving  naaterials  and 
the  machinery  and  tools  used  in  road  building  and  paNing. 


Metliod    and  Some  Costs  of    Telford- 

Macadam  Construction  in 

Pennsylvania. 

Ih'riiiK    ll*"^    till-    Stiili-   oi    IVnnsylvnnia 

ooiistriictod  ■-'""i  miles  of  niacnclnm  ;ind  tel- 

iiird   rv>ads.  at   an   averane   cost   of   $1ii,0(mi 

p«r  mile,  for  a  ICft.  road,  0  ins,  deep,  this 

i-os|   iiH-liidinK  all  liridjies,  culverts,  etc.     In 

the  Journal  of   Knuincerinj!  of  the  L'niver- 

sity   of    Colorado,    Mr.    L.   C.   Jordan   <U 

scribes  the  construction  in  Pennsylvania  of 

the  lelford  typo  of  roads,  and  the  matter 

that     follows    has    been     taken     from     his 

article. 

The  roads  of  the  telford  type  have  the 
IcKinilation  built  of  any  Rood  local  stone 
anil  the  toj'  c<nirse  of  crushed  limestone. 
The  road  surface  is  It!  ft.  wide  with  a  "2- ft. 
shoulder  or  berm  and  a  2- ft.  ditch  on 
either  side.  The  extent  of  one  contract 
averajjes  about  2^4  miles,  as  this  is  the 
most  economical  length,  although  one  sec- 
tion may  cover  as  much  as  four  miles. 
l'"or  a  contract  of  this  size,  if  all  stone  is 
within  a  convenient  ilistance.  the  following 
equipment  besides  smaller  tools  is  neces- 
sary : 

1  Crosher.  capacity  8(»  tons  per  day. 
I   Traction  engine  for  running  crusher 
I   .Stone  bin.  fM'  tons  capacity. 
1    Itt-ton    steam   roller. 
M  or  !'  Dump  Wagons.   |."i  cii.  ft.  capacity. 
1  Rooter. 
■  ■_'   Plows   of    (lifferenl    weights. 
I    Sprinkling  wagon. 
^  or  ."i  Wheel  Scrapers. 
When    practical,   it    is   best    for   the   con 
tractor    to    hire    teams,    some    with     farm 
wagons. 

The  I'lrst  step  in  graihtig  consists  in 
plowing  the  cuts.  Where  the  surface  has 
l)een  nuich  traveled  during  the  years  pre- 
ceding, it  is  necessary  to  use  the  heavy 
plow  pulled  by  the  traction  engine.  When 
excessively  bard  surface  is  encountered 
the  rooter  is  recpiircd.  The  dirt  is  usually 
moved  by  mean-  of  flump  wagons  loaded 
with  shovels,  although  wheel  scrapers  are 
frequently  employed  where  the  haul  is 
short  .Ml  tills  must  be  made  in  layers 
not  exceeding  a  fcM>t  in  thickness,  each 
layer  being  thoroughly  rolled  before  the 
next  acbled.  .\n  economical  nunilwr  for 
the  grading  gang  is  l.">  to  20  men  aiul  four 
lo  six  teams,  depending  on  the  amount  of 
grading  ami  the  length  of  haid.  The  sub- 
grade  is  Usually  left  rough  and  is  smoot'ied 
up  by  the  Telford  gang. 

The  .-ulvance  of  the  Telfonl  layers,  con 
sistiiig    of    four    lo    six    men.    shapes    the 
grade  hy  means  of  pick  and  shovel.     The 
crortn  must  Ik-  the  same  as  desired  in  the 


iinislie<l  road,  because  the  layer  of  broken 
stone  is  of  uniform  thickness.  The  grade 
thus  rniished  should  lie  thoroughly  rolled 
before  the  Telford  is  set.  The  main  body 
of  the  Telford  gang,  consisting  of  l-'i  or 
JO  nien,  throws  the  stone  in  from  the  side 
of  the  road,  sets  it  hy  hand,  knocks  off 
the  rough  points  of  the  surface,  and  forms 
the  berms  along  the  sides  of  the  road. 
The  best  methoil  of  doing  this  where  there 
is  mi:ch  travel  on  the  road  is  to  set  one 
side  of  the  roadbed  at  a  time,  always 
squaring  it  up  each  night.  The  chief  diffi- 
culty in  employing  this  luethod  is  encoun 
tered  when  wet  weather  sets  in  with  only 
one  side  linished.  thus  allowing  the  other 
side  to  be  worn  down  hy  the  traflic.  The 
Telford  should  be  well  rolled  before  the 
surface  stone  is  applied. 

The  crushed  stone  surface  is  the  inost 
important  part  of  the  construction.  If  the 
Telford  is  laid  ahead,  the  placing  of  the 
broken  stone  may  proceed  in  either  wet 
or  dry  weather.  This  layer  of  stone  is 
usually  about  four  inches  deep  while  loose, 
and  is  compressed  to  about  three  inches 
when  rolled.  .\  large  amount  of  rolling 
is  not  required.  .\  covering  of  limestone 
screenings,  one  and  one-half  inches  thick. 
is  placed  on  top  of  the  broken  stone.  This 
Is  alternately  rolled  and  sprinkled  until  the 
limestone  dust  and  stray  particles  of  clay 
work  up  into  a  paste  which  runs  ahead  of 
the  roller  and  forms  a  slush  over  the  en 
tire  surface.  It  is  best  to  let  the  road 
stand  for  half  a  day  or  inore  after  this 
treatment,  so  that  the  second  application 
of  rolling  and  sprinkling  will  he  more 
effective  than  it  would  be  otherwise. 

The  layer  of  screenings  does  not  appre- 
ciably increase  the  depth  of  the  macadam 
as  most  of  the  screenings  work  into  the 
interstices  of  the  crushed  stone.  Indeeil. 
this  action  is  the  chief  function  of  the  tine 
stone,  for  in  this  manner  it  makes  the  iop 
layer  of  the  coarser  stone  lirnt.  Just  how 
this  action  occurs  is  not  clear.  Whether 
it  is  chemical  or  only  physical  is  not  set- 
tled. These  facts  are  patent,  however: 
First,  the  bond  is  best  when  the  road  is 
damp:  si-i-ond.  the  hiniling  action  takes 
place  every  week  or  two  ihronghont  the 
year  with  precisely  the  same  materials 
These  observations  scarcely  indicate  chem- 
ical ;iclion. 

The  surface  is  next  swept  with  a  coarsi 
stable  brush  which  seems  lo  bring  out  the 
surplus  water,  leaving  the  s.did  particle* 
in  close  contact  with  each  other  It  occa- 
sionally happens  that  the  surface  hardens 
so  well  that  the  marks  of  the  brush  are 
visible  after  the  r..-..l  Ik's  Misi.iiiii<l  s.-v 
eral  davs'  traffic. 


\  road  which  .Mr.  Jordan  superintended 
during  the  summer   of    lOn"   is   brieflly  ile 
scribcil    as    a    representative    example    of 
roati  construction  in   Pennsylvania,  as  fol- 
lows : 

The  quarry,  which  was  advantageously 
located  near  the  middle  of  the  section  and 
;fi»  ft.  below  the  road  surface,  consisted  of 
a  U-ft.  stratum  of  limestone  by  17  ft.  oi 
shale  and  clay.  The  crusher  was  set  at 
the  same  elevation  as  the  road,  the  stone 
being  drawn  up  on  a  platform  level  with  a 
crusher's  jaws.  The  crusher  was  run  by 
a  20  hp.  traction  engine.  .\  stalionar) 
lioiter  supplied  steam  for  the  hoisting  en 
gine  and  for  a  steam  jet  which  forced  thi 
water  from  the  quarry.  .\  bin  of  'm  ton- 
capacity  provetl  fairly  satisfactory,  al- 
tl'ough  a  larger  one  would  have  given  less 
trouble  in  regulating  the  hauling  to  the 
r>>ad.  With  this  equipment  and  that  or 
<linarily  found  in  this  kind  of  work,  the 
cost  ranged  about  as  follows : 

(irading.  per  cu.  yd $0."-'> 

Telford  hauled  I  mile,  including  roy- 
alty of  1*1  cts.  lin.  ft.  (%  cu.  yd.)..     .*' 

l-aying  and  rolling,  per  lin.   ft 2*' 

Cru-.hed   stone.  •>•'•   cts.   per   ton    +    7 

cf..   royalty    "2 

Maul   for  first  2  miles,  per  ton 20 

Haul    for    remaining    1%    miles,    per 

ton     ■"><• 

.Vvcragc  haul,  per  ton  (about  > .31 

Stone   delivered,   per   ton.  l.«l 

Or  per  lin.  ft A\-^ 

Spreading,  sprinkling  and  rolling,  per 

lin.   ft U 

With   these   unit   costs   we   have  the    fol- 
lowing : 

(irade   (average  >.  per  mile $  l.."iOO.<Hi 

Stone    work,    berms    and   ditches. 

per   mile    7..T00.0n 

I'ulverts.  pipes,  head  walls,  glit- 
ters, underdrains.  road  ap- 
proaches, etc.  (variable'),  per 
mile     1,000.00 

Total    Slrt.tXKiim 

Obviously,   the   cost   will   tiepend   wholly 
on    local    conditions.      Where    the    soil    is 
good  and  all  stone  is  near  at  hand.  .n~con 
siderable  reduction  from  the  aliove  figures 
may  be  made. 

Mtrch  of  the  work  done  was  open  to 
criticism  as  to  method.  (1)  Frequently 
the  selection  of  the  road  to  Iw  iniprove<l 
was  influenced  hy  favoritism.  In  a  few 
i-isiances  a  stone  road  in  fairly  good  con- 
dition was  torn  up  when  the  money  could 
havo  lu-en  expended  to  better  advantage  on 
r'-ads  which  had  never  been  artificially  sur 
faced.  (2)  The  inspectors  were  often 
men  of  very  inadequate  knowledge  of  road 
building.  In  one  instance,  furthermore,  i. 
0  per  cent  grade  was  reduced  to  a  fi  per 
cent  at  considerable  cost  when  there  was 
an  S  per  cent  grade  nearer  to  the  town 
to  which  the  pjivement  was  being  laid.  (Ht 
The  benefits  of  good  roads  might  lie  ex- 
tended to  a  larger  ninuber  if  sonte  of  the 
roads  were  built  less  than  l<I  ft.  wide, 
which  width  was  uniformly  use<l.     Indeed. 
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a  more  skillful  and  a  less  biased  use  of 
the  same  resources  would  very  often  have 
done  a  greater  service. 

.\  few  general  observations  present 
themselves  to  one  engaged  on  the  work. 
Economy  may  be  effected  if  it  is  possible 
to  unload  the  telford  material  directly 
on  the  finished  grade.  Although  this  is 
usually  not  practicable,  yet  a  saving  of  at 
least  $400  per  mile  may  be  made  when  it  is 
done.  On  the  other  hand,  if  the  stone  is 
piled  along  the  sides  when  the  weather  is 
favorable  for  hauling,  the  work  of  actual 
construction  may  proceed  even  in  wet 
weather  when  the  fields  are  too  soft  to 
allow  hauling. 

Regular  construction  should  always  be 
given  precedence  over  odd  jobs.  Road  ap- 
proaches can  be  stoned,  riprap  placed  and 
gutters  cobbled  when  the  ground  is  too 
wet  for  setting  telford.  Accidents  should 
always  be  so  provided  for  that  when  they 
occur  they  do  not  stop  progress.  For  ex- 
ample, the  work  should  be  so  arranged 
that  if  the  quarry  fails,  the  teams  may  be 
put  to  use  at  grading  or  hauling  other  ma- 
terials. 

Thorough  inspection  and  efficient  super- 
intendence are  essential.  The  inspector 
can,  by  exercising  his  common  sense,  bring 
about  a  considerable  saving  in  expense 
and  at  the  same  time  accomplish  all  that 
the  specifications  require,  viz.,  a  satisfac- 
tory road-  The  superintendent  should  be 
on  the  work  at  all  times  and  should  always 
have  the  work  planned  ahead.  A  part  of 
the  function  of  the  inspector  as  well  as 
the  superintendent  is  to  give  advice  during 
construction  as  well  as  to  criticize  after 
completion. 


Experiments  have  recently  been  carried 
on  in  Germany  for  the  use  of  the  .^rzolla 
water  plant  in  order  to  exterminate  mos- 
quitoes. Regarding  this  a  recent  consular 
report  states  that  the  director  of  fisheries 
at  Biebrich,  Mr.  Bartmann,  has,  after  ex- 
periments covering  a  period  of  14  years, 
found  that  the  most  reliable  means  against 
mosquitoes  in  stagnant  waters  is  the  grow- 
ing of  the  various  kinds  of  the  semitropical 
plant  arzolla.  Experiments  were  made  at 
Wilhelmshaven  which  possesses  a  malaria 
station,  and  is  in  a  territory  full  of  stag- 
nant waters  and  swainps,  infested  with 
mosquitoes.  While  the  proximity  of  the 
sea  and  the  abnormally  cool  temperature  of 
the  summer  of  1907  had  an  unfavorable 
influence  upon  the  growth  of  the  plant,  it, 
however,  covered  the  experimental  waters 
in  a  short  time,  with  a  layer  of  about  fi 
centimeters  (2.362  ins.),  which  suffocated 
all  the  mosquito  larvae  below  and  prevent- 
ed the  living  insects  from  depositing  their 
eggs  in  the  water.  The  final  official  find- 
ings of  the  experiment  will  soon  be  an- 
nounced. It  is,  however,  reported  that  a 
strictly  scientific  and  practical  proof  has 
been  made  in  the  laboratories.  Director 
Bartmann  several  years  ago  communicated 
his  method  to  the  mosquito-destroying 
commission  at  Eltville  en  the  Rhine. 


A  Steel  Form  for  Arch  Culverts  and 
Highway  Bridges.* 

BY    C.    F.    SCOTT.t 

This  paper  describes  a  steel  form  for 
arch  culverts  and  bridges.  These  forms 
are  made  of  sheet  steel  connected  with 
channel  and  T-bars  by  means  of  5/16-in. 
button-head  stove  bolts.  The  sheets  at  re- 
taining or  end  walls  are  connected  by 
means  of  channels  running  the  entire 
lengtli  of  the  wall,  while  the  sheets  over 
tlie  arch  are  connected  and  supported  by 
means  of  T-bars  to  the  proper  radii.  The 
rigidity  of  the  sheets  themselves,  together 
with  the  channels  at  retaining  walls  and 
the  tees  under  the  arch,  eliminate  the  need 


either  side  up,  either  side  out,  or  either 
end  to.  The  workman  simply  brings  a 
sheet  of  steel  that  requires  no  fitting  in- 
stead of  a  piece  of  lumber  that  invariably 
docs.  The  retaining  wall  is  constructed  of 
No.  10  gage  steel  and  channel  irons  stayed 
by  means  of  %-in.  bolts  connecting  the 
channels  at  intervals  of  3  ft.  These  bolts 
are  pulled  out  of  the  wall  when  the  form 
is  taken  down.  .■MI  arch  sheets  are  ex- 
actly 8  ft.  long  and  2  ft.  wide.  The 
sheets  for  retaining  walls  arc  10  ft.  long. 
All  sheets  are  alike  except  that  the  arch 
sheets  that  join  the  retaining  walls  are 
shaped  so  as  to-  provide  for  the  necessary 
batter  of  retaining  wall,  and  the  retaining 
wall   sheets   that   abutt   the   arched   portion 


Steel  Form  for  Arch  Culverts  in  Place. 


of  any  bracing  other  than  the  bolts  that 
are  used  to  hold  the  channels  together  in 
retaining  walls.  The  form  set  up  in  place 
is  a  bridge  in  itself,  with  practically  the 
same  efifective  area  of  waterway  as  the 
finished  bridge. 

The  superstructure  for  this  form  con- 
sists of  ribs  of  T-bars,  making  the  span 
in  two  pieces  that  are  coupled  in  the  cen- 
ter by  a  fish  plate.  This  joint  is  wedged 
apart  by  means  of  a  cut  nail  driven  be- 
tween the  tee  ends  for  the  purpose  of  af- 
fording slack  by  drawing  out  when  the 
from  is  to  be  taken  down.  As  soon  as  two 
of  these  ribs  have  been  coupled  up  and 
placed,  the  first  arch  sheet  is  bolted  on, 
after  which  the  form  is  self-supporting. 
Other  rib  arches  and  arch  sheets  are  simply 
bolted  on  until  the  form  is  set  up.  This 
work  goes  on  very  rapidly  as  the  man  on 
the  outside  places  the  sheet  and  inserts  the 
bolt,  and  the  man  on  the  inside  turns  the 
burrs  on  by  means  of  a  socket  wrench  in 
a  carpenter's  brace.  The  arch  sheets  used 
are  No.  12  gage  steel,  all  punched  carefully 
to   a   templet   so   that   they   will    fit   exactly 


•Prepared  from  a  paper  presented  to  the 
National  Association  of  Cement  Users  and 
from  additional  information  secured  from 
tlie  author. 

tPrinceton,    111. 


which  are  cut  to  correspond  to  the  radius 
of  the  arch.  These  particular  sheets  be- 
long to  that  particular  size  bridge  form,  as 
do  the  iron  ribs.  All  other  sheets  and 
parts  may  be  used  in  any  other  sized 
bridge. 

These  sectional  forms  are  prepared  so  as 
to  construct  arches  of  any  span  from  5  ft. 
up,  in  multiples  of  5  ft.  One  of  these 
forms  may  be  used  for  an  indefinite  num- 
ber of  times  and  always  be  as  good  as 
new,  while  it  is  impossible  to  use  lumber 
more  than  three  times  with  any  satisfac- 
tion, no  matter  how  good  the  quality,  or 
how  painstaking  the  gang. 

Steel  forms  of  this  type  are  lighter  than 
the  material  necessary  for  a  wooden  form 
for  the  same  size  bridge.  The  form  for  a 
1.5-ft.  arch  complete  with  end  walls,  bolts, 
and  all  weighs  about  800  lbs.,  and  can  eas- 
ily be  hauled  in  two  loads,  while  the  ma- 
terial for  forming  the  same  bridge  in  lum- 
ber weighs  about  twice  that  amount. 

To  erect  a  steel  form  for  the  ordinary 
culvert  and  small  bridge — say  a  l-a-ft.  span, 
elliptical  arch — but  two  men  two  days  are 
required.  These  two  men  are  simply  good, 
honest  workmen  who  know  how  to  hold  a 
wrench  or  turn  a  screw  driver.  The  ex- 
pense  will   not   exceed  $10. 
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Experimental     Roads    in     Minnesota; 

Sand  and  Sand  Road  With 

Sawdust. 

Ill  several  portiun>  ui  Minncsuta  there 
is  considerable  dilTicully  in  obtaining  suit- 
able material  within  rconionical  hauling 
distance.  In  the  Red  River  valley  wheri; 
the  soil  is  a  heavy  Kumbu  clay,  sand  and 
gravel  are  only  obtainable  from  the  ancient 
bearhes  of  Ijkc  .Agassiz,  with  the  excep- 
tiun  of  <%casional  deposits  of  limited  ex- 
tent. Under  the  authority  of  the  State 
Highway  Commission  an  experimental 
r<iai|  wa>  built  in  the  vicinity  of  Crookston 
in  Polk  County  in  IJKK)  which  has  proveil 
a  valuable  object  lesson  and  has  demon 
^trattd  the  fact  that  roads  consisting  of 
gumbo  clay  may  be  successfully  con- 
structed, and  if  properly  maintained  will 
prove  in  every  way  satisfactory  and  eco- 
nomical. 

During  the  year  19o8  the  Commission 
authorized  the  expenditure  of  a  suitable 
amount  to  demonstrate  the  practicability 
of  constructing  roads  throughout  the 
san  ly  portions  of  the  state,  by  the  intro- 
duction of  suitable  vegetable  matter  into 
the  soil.  The  materials  selected  for  this 
purpose  were  white  and  yellow  clover,  rye 
and  rye  straw,  and  sawdust.  The  method 
of  application  is  described  in  tlie  annual 
report  of  the  Commission,  and  the  matter 
that  follows  has  been  taken  from  that  re- 
l>ort. 

Experiiiti-ntal  Road  of  Sond. — There  was 
selected  for  this  experiment  a  mile  of  roid, 
being  part  of  State  Road  No.  7  in  Shcr- 
burnr  County,  commencing  one-quarter  of 
a  mile  south  of  the  north  boundary  of  the 
county,  whicli  is  also  the  south  boundary 
of  the  N'illage  of  Princeton,  and  running 
tlicnce  -oulh. 

The  grade  was  practically  level  and  the 
material  fine  sand.  The  work  consisted 
in  plowing  up  the  entire  width  of  the  road 
except  a  strip  3  ft.  wide  on  each  side  ad- 
joining the  road  limits.  .Ml  brush  was 
removed,  but  trees  3  ins.  in  diameter  and 
over  were  allowed  to  remain. 

.\  strip  20  ft.  wide  through  the  center 
was  devoted  to  road  purposes,  and  the 
balance  of  the  tiO  ft.  planted  with  yellow 
and  while  clover  mixed  with  rye.  The 
surface  of  the  roadway  proper  was  then 
covered  with  rye  straw  about  3  ins.  in 
depth  spread  uniformly  over  it  and  in  ihc 
work  of  maintenance  continyally  raked 
into  the  ruts. 

Owing  to  the  lateness  of  the  season 
when  the  clover  was  planted  very  little 
benefit  has  been  received  from  that  par- 
of  the  experiment,  but  it  is  intended  to 
cut  this  growth  two  or  three  limes  each 
year  and  rake  it  over  onto  the  roailway. 

.Mthough  only  a  few  months  have 
elnpied  since  the  work  was  complelcd  it 
ha^i  been  the  subject  of  a  great  amount  of 
complimentary  notice,  and  the  .Slate  t'om- 
missioners'  office  has  received  requests  to 
have  the  work  continued  as  far  as  possi 
ble. 


It  it  evident  that  in  the  sandy  purtiuiis 
of  the  State  where  stone,  gravel  and  clay 
are  lacking  or  at  least  are  only  to  be 
found  at  points  several  miles  distant,  some- 
thing must  be  used  as  a  substitute  until 
such  material  can  be  discovered  or  pro- 
duced within  economical  hauling  distance, 
and  the  Commission  believes  that  the  in- 
troduction of  this  clover  with  the  sand 
will  soon  so  change  its  character  that  it 
may  be  worked  successfully  with  our 
ordinary  road  machinery. 

The  Commission  considers  it  strongly 
advisable  to  continue  this  experiment  for 
several  years,  and  has  made  arrangements 
to  keep  the  road  properly  maintained. 

The  cost  of  the  work  wa^s  as  follows  : 
Grading,     clearing     and     turnpiking 

one    mile,   contract $lol.Oo 

Seed  and   planting    13.88 

Superintendence     .  15.00 

Total  cost    $179.88 

Maintenance  to  Oct.  31.  1908 $  14.00 

Sand  Road  with  Satcdusl. — This  road 
was  constructed  commencing  at  the  east- 
erly limits  of  the  Village,  of  Cambridge 
in  Isanti  County  and  running  thence  east 
on  State  Road  Xo.  2  01  Isanti  County. 
The  surface  was  practically  level,  and  the 
soil  a  light  sand. 

The  roadway,  2->  ft.  in  width,  was  uni- 
formly graded  and  a  strip  about  \o  ft. 
ill  width  covered  with  sawdust  from  mixed 
timber.  The  total  length  so  improved  was 
one-fourth  of  a  mile:  thickness  of  saw- 
dust 4  to  5  ins. 

.Arrangements  were  made  with  a  man 
living  in  the  vicinity  to  go  over  this  road 
occasionally   and  keep  it   raked  over. 

The  work  was  not  done  until  .August, 
190S,  so  there  are  no  results  to  report  at 
present. 

The  work  cost  as  follows : 

Dressing  roadbed    $  9.5o 

Sawdust,  .303  c.  yds.,  91  loads,  at  15c.   13.(J5 
Hauling  one  mile  and  spreading 49  70 

Total  cost    $72.85 

Cost  per  mile,  $291.40. 

Approximately  the  same  results  arc  ex- 
pected from  this  experiment  as  from  that 
on  the  sand  road  previously  described. 


Over  40  per  cent  of  the  ties  recently  pur- 
chased by  the  railro.-ids  of  the  country  are 
oak,  according  to  latest  statistics  of  United 
States  Forest  Service.  Cross-ties  of  South- 
ern pine  formed  somewhat  less  than  25 
per  cent.  Douglas  fir  ties  ranked  third, 
with  approximately  If>  per  cent  of  the 
total. 


Notes       on       the      Maintenance      of 
Macadam  Roads 

The  maintenance  of  macadam  roads  is 
the  most  important  work  of  a  road  system 
and  should  be  closely  looked  after  by  in- 
telligent and  expert  men  Especially  is  this 
true  under  motor  traffic.  The  roads  should 
be  divide<l  into  sections  and  a  man  kept 
constantly  on  each  section  with  such  ti>ols 
anil  materials  as  ma>  be  necessary  to  re- 
pair a  break  in  the  macadam  as  soon  as  it 
appears  and  to  keep  clean  all  ditches  and 
drains.  He  should  go  over  his  section  at 
least  twice  a  week  and  after  each  rain.  If  a 
rut  or  hole  should  apnear  in  the  macadam 
surface,  showing  signs  of  mud  or  a  weak 
foundation,  he  should  dig  out  the  macadam, 
remove  the  mud  or  unstable  foundation  and 
relill  the  hole  with  stone,  thoroughly  ram- 
ming each  course  until  it  i'*  solid  and  even 
with  the  adjoining  surface.  Wetting  the 
screenings  will  greativ  assist  in  consolidat- 
ing and  cementing  the  patch. 

Where  a  rut  or  hole  appears  and  does  not 
show  any  signs  of  a  weak  foundation  and 
mud  is  not  coming  up,  it  will  only  be  neces- 
sary to  loosen  up  the  macadam  for  a  short 
distance  beyond  the  rut  or  hole,  and  apply 
just  enough  stone  after  they  have  been 
thoroughly  rammed  to  bring  the  surface 
even  with  the  .idjoining  surface,  ami  apply 
the  dust  as  above.  The  size  and  kind  of 
stone  should  Ix  the  same  as  used  in  the  ma- 
cadam. 

The  application  of  a  thin  coat  of  coarse 
sand  will  preserve  and  greatly  prolong  the 
life  of  macadam  subject  to  heavy  motor 
traffic,  and  will  also  prevent  a  lime  stone 
binder  from  becoming  sticky  after  a  thaw. 


One  thousand  pounds  of  old  French 
scrap  have  been  forwarded  to  the  Director 
of  the  United  States  Mint  at  Philadelphia 
by  the  Chief  Quartermaster  of  the  Isth- 
mian Canal  Commission  to  be  used  in  mak- 
ing Canal  Medals.  Up  to  Jan.  1.  l!X(it, 
about  2.400  medals  have  been  earned,  and 
it  is  estimated  that  the  number  of  medals 
to  be  earned  in  the  future  will 
aliout  500  per  annum.  In  the  ■; 
of  the  medals  the  following  meth<Mi  wili 
probably  be  observed :  Me<lals  which  have 
been  earned  by  persons  no  longer  connect- 
ed with  the  Commission  or  Panama  Rail- 
road Company  will  be  distributed  from  the 
Washington  office  of  the  Commission ; 
medals  earned  by  employes  who  have  died 
subsequently  will  be  delivered  to  their 
heirs,  and  medals  earned  by  present  em- 
ployes will  be  distributed  from  Culebra. 


( )fficial  statistics  on  German  shipbuild- 
ing show  that  during  the  year  1908  there 
were  99  (against  4.3.1  in  1907)  sea-going 
steamships,  of  an  aggregate  of  147,270 
gross  register  tonnage,  built  in  German 
shipyards ;  at  the  close  of  the  year  67  ocean 
steamers  were  in  course  of  r,>inirn.-tion. 
representing   187,.3(i2  tonnage 


Thirteen  of  the  largest  automobile  works 
of  fiermany  and  France,  according  to  a 
recent  consular  report,  have  come  to  an 
agreement  not  to  participate  in  any  big 
race  or  competitive  contest  during  1909. 
The  penalty  for  violating  the  agrreement  is 
fixed  at  $20,000. 

•From  the  annual  rrport  of  Hcnr>-  G.  Shir- 
ley. Rouil  EnKlnecr  of  Bnltlmore  County, 
Mary  Ilk  ml. 
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Unclassified  and  General  Articles 


Note:  This  section  is  devoted  to  metiiods  and  cost  articles  on  construction 
work  not  properly  coming  under  any  of  the  preceding  classifications. 


"Little  Hints"  for  Ambursen  Helpers.* 

Till':  AMHLKSI-,.\  DA.M  i.s  the  Irsi 
kind  I  if  a  ilaiii  that  has  ever  been  built.  It 
is  thi'  strongest,  most  economical,  most 
rapid  in  construction  and  best  suited  for 
all  conditions  of  service.  GET  TH.AT 
INTO  VOUR  SYSTEM. 

*  *     * 

1  lie  Ambursen  Company  stands  for  a 
"square  deal."  It  plays  the  game  with  the 
cards  upward  on  the  table.  There  is  noth- 
ing concealed,  no  secret  commissions,  no 
mental  rcserx-ations.  "This  is  tlir  first  and 
great  Cointnandmcnt." 

*  *     * 

The  liabit  of  getting  everything  packed 
.and  ready  for  a  quick  scoot  when  the 
wliistle  blows  does  not  mean  a  "raise"  for 
you.  Work  as  if  you  ovifned  the  firm — 
you  may  some  day. 

*  *     * 

Be  peculiar,  and  when  you  coiue  to  your 
work,  go  to  work  even  if  it  is  five  minutes 
ahead  of  time.  This  habit  shows  the  dif- 
ference between  the  man  who  is  going  to 
be  a  manager  and  others  who  have  no  luck. 

*  *    * 

Be  careful  never  to  leave  oily  waste  any- 
where about.  Spontaneous  conibustion  is 
a  common  cause  of  fire. 

Estimates  of  cost  are  never  to  be  given 
by  any  one  under  (;»y  circumstances  at  any 
time  w-ithout  first  consulting  the  Boston 
ofiice. 

*  *     * 

Don't  use  the  telephone  for  gossip. 
Never  lose  your  temper  at  the  telephone. 
Telephone  courtesy  is  a  great  thing.  Cour- 
tesy always  is. 

*  *     * 

Place  your  construction  telephone  so  that 
a  person  using  it  can  look  out  on  the  work 
while  waitin.g. 

Ml  employes  aliout  the  work  should  be 
dignified  in  deportment  and  attend  strictly 
to  business.  They  should  never  be  seen 
hugging,    wrestling,    tripping     or     jollying. 

These  tbin.ys  all  make  a  bad  impression. 

*  *     * 

Do  not  run  down  rival  concerns — do  not 
run  down  other  designs  of  dams.  We  have 
the  /)(-.s7.  That  is  sufficient.  If  you  do  not 
know  wl-at  to  say — say  nothing. 

To  repeat  an  unkind  remark  is  as  bad  as 
\\  ing. 

*  *     * 

b'reipient  meetings  of  department  he.ads 
and  meetings  of  all  workers  who  have  an- 


*A  pamphlet  issued  by  llie  Ambursen  Hy- 
I'raulie  Construction  Co.,  176  Federal  St.. 
|:ms1"1i     Inr  the  guidance  of  its  employees. 


thority  on  any  job  are  good   things.     You 
cannot  afford  to  cut  them  out. 

*  *     * 

.•\void  cliques  and  do  not  gossip  or  listen 
to  gossip  about  your  fellow  workmen. 

*  >ii     * 

The  sanitary  condition  of  your  construc- 
tion camp  is  of  extreme  importance.  Every 
precaution  must  be  taken  against  epidemic. 
Daily  inspection  is  often  necessary — u-eekly 
inspection  an  absolute  necessity. 

*  *     * 

Entbusiasui  is  the  best  lubricating  oil  to 
make  construction  wheels  go  round.  .-X 
grouch  is  like  sand  in  the  hearings.  En- 
thusiasm   is   catching. 

*  *     * 

Do  not  join  the  Knockers'  Club.  Be- 
ware of  the  Anvil  Chorus.  You  cannot 
build  dams  by  talk  and  perhaps  the  other 
fellow  is  a  better  man  than  vou   are  after 

.all. 

*  *     * 

Slied  no  tears  beca'ise  you  did  not  have 
.advantages  early  in  life.  No  really  great 
man  ever  had  any  advantages  unless  he 
made  them   himself. 

*  *     * 

Date  all  your  letters — memorandums — 
calculations.     The    dating   habit    is   a   good 

one. 

*  *     * 

The  .Ambursen  Company  has  been  in  ex- 
istence only  four  years :  it  has  built  over 
lliirt\    dams. 

*  *     * 

The  savings  liank  habit  is  a  good  habit. 
It   is   not   so   costly  as   the  cigarette   habit. 

The  man  with  the  savings  bank  habit  is 
llie  one  who  never  gets  laid  off.  He  is  the 
one  who  can  get  along  without  the  firm  but 
the  firm  cannot  get  along  w-ithout  him. 
The  savings  bank  habit  means  sound  sleep, 
good  digestion,  cool  judgment  and  manly 
independetice.  It  is  the  most  healthy  tbing 
you  know.  It  is  a  guarantee  of  good  be- 
haxior. 

*  *     + 

Blow  one  whistle  five  mniutes  before 
starting  time. 

Two  sh.arp   whistles  at   st.arting  time. 

One  wdiistle  at  closing  time. 

Three  long  whistles  for  blasting. 
■    Repeat  blasting  whistles  twice  liefore  fir- 
ing. 

Three  short,  sharp  whistles  just  before 
the  shot. 

*  *     * 

Don't  throw  waste  paper  and  refuse  on 
the  floor — baskets  'are  provided. 

*  *     * 

Changes  from  original  plans  and  speci- 
fications will  not  be  permitted.  If  owners 
request    it   see   that   the   order    is   given   in 


writing  to  you  and  immediately  inform  the 
Boston  ofl^ce.  If  you  insist  upon  this  rule 
it  may  cause  temporary  friction,  but  it  is 
best  to  have  a  battle  before  the  expenses 
occur — not  afterguards.  No  exception 
should   lie   made  in   favor  of   any   one. 

Be  circumspect  and  courteous.  Bear  the 
faults  of  some,  the  impoliteness  of  others 
and  find  some  excuse  for  everybody  except 
yourself. 

*  *     * 

The  carpenter  with  the  best  tools  shouWl 
be  given  the  preference  on  all  work  if  other 
qualifications  are  equal. 

Look  out  for  graft.  Be  it  large  or  be  it 
small  it  means  "skidoo"  for  any  man  who 
indulges  in  it.  "You  cannot  fool  people  all 
the  time." 

*  *     * 

THE  POLICY  OF  THE  AMBURSEN 
COMP.ANY  is— the  best  work  will  in  the 
long  run  Ijring  us  the  most  profits,  the 
great  success,  the  most  intense  satisfaction. 

*  *      ^4= 

Keep  away  from  gambling  rooms,  pool 
rooms  and  places  where  you  would  not  care 
for  your  employer  to  see  you — or  to  have 
you  see  him. 

.  *     *     * 

The  owner's  interests  require  that  the 
work  be  executed  in  the  shortest  possible 
time,  at  the  lowest  possible  cost,  of  the 
best  quality  of  workmanship.  The  owner's 
interests  are  your  interests. 

*  *     * 

The  habit  of  borrowing  small  sums  of 
money  in  advance  of  pay  day  is  a  bad 
practice.  It  breaks  many  friendships.  You 
show  no  kindness  in  loaning  money  to  one 
who  is  always  borrowing. 

*  *     * 

If  you  encounter  rudeness  meet  it  by 
patience  and  politeness — it  makes  you  feel 
lietter. 

*  *     * 

1  he  owner  knows  what  our  profits  are 
from  the  very  outset  of  the  work.  You 
cannot  save  anything  to  the  owner  or  to 
US  by  producing  cheap,  slovenly  results. 

*  *     * 

(live  every  customer  your  whole  atten- 
tion— be  just  as  considerate  to  the  owner  of 
a  small  dam  as  a  large  one. 

.Spied   is  more  often   secured   by  effective 
oruaui^atiou    than    by    crowding    the    work 
with   a   large   nimiber   of  men. 
A      *      * 

To  jollv  visitors  or  give  short,  sharp 
.answers  even  when  talking  to  stupid  people 
is  a  great  mistake. 

*  *     * 

.\ddrcss  all  communications  to  the  com- 
pany  direct — the\-   will    then    receive  atten- 

tic.n  .and  not  lie  treated  as  personal  mail. 

*  '^     * 

Concrete  foremen,  carpenter  foremen  and 
all  other  foremen  on  the  same  work  should 
go  out  of  their  own  way   to  accommodate 
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each  other.     Co-oprralion     means     success. 
Uo  not   strive   for   individual   records.     Or- 

Kanize  for  team  work. 

•  •     • 

Learn  from  your  mistakes  but  don't  cry 
over  them.  Every  one  makes  mistakes. 
We  redeem  the  past  hest  by   forKettinK   its 

troubles   and   by   prolitiuK   by   its   lessons. 

•  •     » 

No  superintendent  should  permit  sub- 
scription papers  to  be  circulated  for  pres- 
ents for  iiwy  one.     This  is  a  very  insiilious 

form  of  graft. 

•  •     • 

Read  the  advertisements  sem  out  by  the 
llie  company.  If  you  caimot  get  thom  they 
will  Ik-  sent  upon  request.  Without  "butting 
in"  tliul  iitti   what  all  our  departments  arc 

doing. 

•  •     * 

riy  a  red  tlag  from  your  dynamite  box 
by  day   and   hang   a   red  lantern    there    by 

night.     Never  store  exploders  near  powder. 

•  •     * 

The  ilauis  we  have  butlt  iluring  the  past 
tour  years  aggregate  two  miles  in  length, 
their  combined  "deck"  or  surface  exposed 
10  the  water  is  over  2-)ft.0fW>  square  feet. 

•  •     * 

Do  not  work  for  any  individual.  Work 
for  the  DAM, — never  try  to  gain  favor 
with  one  who  seems  to  have  influence  or 
■pull."  Work  for  the  D.-\M.  Dou"t  make 
"graml  stand  plays"  to  advance  your  in- 
iliviclual    record.     Work     for      the      D.\M. 

Vo'ir  record   will  take  care  of  itself. 

•  •     • 

Are  you  working  too  hard?  (rats!) 

Cold  feet,  lame  back,  lazy  D.igoes.  rivers 
in  flood?  (come  oflF!) 

Graft  krockers.  lies.  pull,  cheap  compe- 
tition?  (forget  it!) 

We  are  making  touch-downs.  Iwys. 
That's    the    point.     No   one   can    beat    our 

record.     We  are  making  touch-downs. 

•  •     * 

The  most  precious  possession  in  life  is 
good  health.  Rat  moderately,  breathe  free- 
ly,  exercise   constantly,    get     eight     hours' 

sleep. 

•  *     • 

Pile  cement  and  lime  in  the  store  house 

^o  that  the  oldest  will  come  out  I'lrst 

•  *     * 

Do  not  touch  pencils,  papers,  pens, 
erasers  on  another  man's  desk.  Remember 
the  Golden   Rule. 

•  •    * 

Foremen  and  timekeepers  must  always 
report  to  the  superintendent  before  star!- 
tug  or  Ifaving  work. 

•  •     • 

There  are  valuable  positions  opening  up 

in  every  progressive  concern.     Re  ready  to 

be  promoted.     Promotions  go    straight     to 

the  cheerful  and  intelligent   worker. 
«     •     • 

In  writing  letters  never  show  resentment 
or  auger.  The  letter  lives  after  the  oflTensc 
is  forgotten  Do  not  write  to  a  friend  any 
criticisms  reganling  the  firm.  To  give  the 
firm  a  "grand  call  down"  and  then  post  the 


letter  in  the  firm's  envelope  is  a  grave  er- 
ror. It  may  l>c  misdirected  and  would 
surely  come  back  to  the  head  office.  .\ 
iK-tler  rule  is  to  never  give  the  firm  a  call 
down — to  any  one  except  the  tinn. 

*  *.  * 

Do  not  argnc  with  owners  or  engineers 

nor  contradict  them. 

*  •     • 

(i«t  from  foremen  and  workmen  names 
anil  addresses  and  send  them  to  the  office 
for    record    provided    tluy    are    good    men 

for  us  to  use  in  the  future. 

*  •     * 

Responsibilities  gravitate  to  the  man  who 
can  shoulder  them  and  power  comes  to 
those  who  know   how. 

«     •     * 

It    the  owner   or   bis   engineer   fiml    I'aidt 

uMueccssarily — forget  it. 
«     *     * 

Fall  in  love  with  your  Dam  and  keep  in 
love  with  your  wife.     This  means  progress 

and  a  happy  home. 

*  *     * 

riie  .Xnibursen  Company  has  never  built 
a  dam  that  was  not  a  success  both  in  de- 
sign and  construction. 

*  *     * 

Don't  put  letters  or  memorandums  under 
blotters  or  in  drawers  or  in  places  where 
people  cannot  find  them.  Put  them  on 
your  desk  under  a  weight,  then  if  you  never 
come  back  to  the  office  the  business  can  go 

on  just  the  same. 

*  *     * 

Keep  crnstantly  before  you  the  "/  alue  of 
Time."  "We  take  no  note  of  time  but  by 
its  loss."  TODAY  is  the  accepted  time. 
TOD.W  is  all  there  is.  Put  it  to  its  best 
use. 


LETTERS  TO  THE  EDITORS. 


During  January  the  seven  track  shifting 
machines  in  the  Central  Division  of  the 
Isthmian  Canal  moved  a  total  of  .527.171 
ft.  or  00.8  miles  of  track.  In  the  Taber- 
nilla  District  track  shifter  No.  5  moved 
11(!.800  ft.  or  -22. 1  miles.  At  San  Pablo 
and  Caimito.  shifter  No.  •")  moved  fi7,340 
ft.  or  12.7  miles.  .At  Gorgana  and  Mata- 
chin.  No.  7  moved  (kI.282  ft.  or  12.3  miles, 
and  No.  !)  also  moved  at  Matacbin  4(!.88."i 
ft.  or  8.0  miles.  Al  Santa  Cruz,  No.  1 
moved  88.0(Ki  ft.  or  Ki.7  miles.  .\t  Mira- 
flores  No.  8  moved  53.2f>!>  ft.  or  10.1  miles, 
and  at  La  Boca,  shifter  No.  2  moved  89.5'>n 
ft.    or    17    mile- 


The  .South  .Mancluiria  Ry.  Co.,  has 
floated  a  loan  for  $!t,72i>.iMV>.  The  pro- 
ceeds of  this  loan,  with  other  unappro- 
priated sums  still  at  the  company's  dis- 
posal, will  l>e  used  for  the  construction  of 
the  new  .\nlung- Mukden  Line,  for  the 
completion  of  the  Dalny-Suchiatun  double 
tracking,  for  the  harbor  works,  electric 
railway,  gas  works,  new  shops,  and  other 
enterprises  now  under  way  or  to  be  start- 
eel  in  l!IO!l.  as  well  as  'for  the  loans  to 
Ik-  made  to  the  Chinese  (iovermnent  on  ac- 
count of  the  Hcinmintun-Mnkdrii  .mil 
Kirin-Changehun  railways 


"  Education  of  Inspectors  at  the  Con- 
tractors' Expense." 

Sirs:  While  recogni/mg  thai  there  arc 
some  stray  grains  of  truth  in  the  article 
under  the  alnive  caption  in  the  issue  of 
E.viii.vEERi.so-CiiNTHACTi.vo  for  Fcb.  10, 
liNiO,  I  cannot  let  pass  unchallenged  the 
author's  decided  implication  that  prac- 
tically all  inspectors — six  out  of  seven 
groups  and  the  seventh  a  smalt,  rare  one. 
to  follow  him  more  closely — are  ignorant, 
incompetent,  utterly  devoid  of  inlelb. 
or  a   sense  of  justice  or  common  dn  ■ 

Without  discussing  the  man  who  is  "dis- 
honest and  eager  of  pollution,"  who,  as 
the  author  says,  may  be  found  in  any  of 
these  groups  and  is  very  satisfactory  to 
certain  contractors,  it  may  be  observed  in 
passing  that  to  judge  from  the  bitterness 
Jispbiyed  and  the  almost  unanimous  dis- 
satisfaction he  finds  with  inspectors  with 
whom  he  has  come  in  contact,  he  must 
have  found  such  satisfactory  ones  to  be 
very  rare  indeed,  and  such  being  the  case 
his  experience  corroborates  the  present 
writer's  firm  belief. 

Rut  even  the  stupid  incompetent,  whose 
premeditated  cussedness  is  such  a  thorn  in 
ibe  flesh  of  the  innocent  contractor  whi> 
desires  to  follow  his  own  sweet  inclina 
tion  without  restraint,  should  hardly  be 
held  accountable  for  the  shortcomings  and 
imperfections  of  the  specifications,  in  the 
adoption  of  which  the  inspector  had  not 
the  slightest  voice — even  though  this  ar- 
rogance or  the  leniency  or  laxity  of  his 
employers  permits  him  to  assume  one  of 
the  higher  sounding  titles.  In  fact,  he  is 
seldom  employed  until  after  the  contract 
is  made  and  entered  into. 

On  the  other  hand,  the  contractor,  being 
a  party  to  the  agreement,  is  jointly  respon- 
sible for  its  authorship,  and  if  he  obligates 
himself  to  perform  or  receives  pay  for 
performing  that  which  he  knows  is  im- 
possible, or  that  which  he  never  intended 
to  perform  and  does  not  perform,  he  is 
dishonest. 

The  plastering  of  exposed  concrete  sur- 
faces may  be  very  bad  practice.  The 
writer  believes  that  it  is.  never  allows  it 
in  specifications  over  which  he  has  any 
control,  and  prefers  a  rough  spot  to  a 
patch,  but  the  unqualified  assertion  that 
such  clauses  "should  always  be  disre- 
gar<led"  is  a  broad  and  sweeping  statement, 
and  falls  with  especially  bail  grace  coming 
from  the  very  man  who  has  specifically 
engaged  to  do  that  particular  thing.  Sup- 
posing the  modern  method  of  separate 
contracts  were  adopted,  shall  the  man 
who  secures  the  job  of  plastering  the  ex- 
posed surfaces  keep  all  the  money  or  di- 
vide with  the  form  builder  and  the  con- 
crctor  when  he  decides  to  abrogate  the 
objectionable  clause? 

The  contractor  who  undertakes  to  edu- 
cate an  inspector  by  the  unsupported  dec- 
laration   that    the    specifications — to    which 
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he  has  affixed  his  signature  and  for  the 
faithful  observance  of  which  he  has  given 
his  bond— are  and  ought  to  be  absolutely 
disregarded,  however  clear  and  explicit 
the  language  in  which  they  are  couched, 
need  hardly  be  surprised  to  find  the  edu- 
cation of  that  inspector  into  satisfactory 
docility  to  be  an  expensive  task.  And  if 
the  same  "luiser  and  sharper"  contractor 
sliould  undertake  to  "skin  the  job  right 
under  the  nose"  of  the  inspector,  and 
should  happen  to  be  detected  (accidents 
;fj7/  occur )  it  is  perhaps  only  natural  that 
he  should  look  upon  inspectors  as  a  class 
very  much  as  convicts  look  vipon  courts. 

And  "some  contractors"  are  on  the  look- 
out to  "gobble  up" — not  the  weakling  who 
yields  silently  and  timidly  vacillates  before 
bluster  created  by  some  contractor  or 
"straw  boss,"  but  rather  the  stalwart  chap 
of  firmness  and  decision  who  does  not 
hesitate  to  contend  vigorously  for  what 
he  knows  to  be  right  and  who  displays  a 
commendable  zeal  in  advancing  the  inter- 
ests of  his  employers  as  set  forth  by  the 
contract. 

If  the  average  follower  of  every  line  of 
activity  could  be  assigned  to  his  proper 
place  in  a  scale  of  fainnindedncss  it  is 
likely  that  the  inspector  would  rank  quite 
as  high  as  the  contractor,  especially  since 
the  former  has  absolutely  no  pecuniary 
motive  for  being  otherwise  than  just.  And 
the  sooner  the  contractor  recognizes  that 
the  specifications  are  for  a  legitimate  pur- 
pose, to  be  accepted  in  good  faith  or  not 
at  all,  instead  of  in  bad  faith  to  be  arbi- 
trarily "disregarded,"  and  brings  himself 
to  the  frame  of  mind  where  he  will  not 
characterize  as  "mean  and  unfair"  the  in- 
spector who  will  "insist  upon  the  letter 
of  the  specification,"  the  sooner  will  he 
find  himself  able  to  economize  in  the  mat- 
ter of  "educating  inspectors." 

Perhaps  it  is  true  that  no  set  of  specifi- 
cations has  ever  been  absolutely  fulfilled, 
but  if  so,  what  beautiful  new  fields  lie 
just  before  us!  For  surely  the  English 
language  is  sufficiently  rich  and  flexible  to 
express  without  ambiguity  the  practical 
and  proper  requirements  for  the  prosecu- 
tion of  any  ordinary  constructive  enter- 
prise. 

A  fruitful  source  of  discord  is  tlie  desire 
on  the  part  of  the  contractor  that  every 
deviation  from  the  specifications  shall  be 
in  one  direction.  He  contracts  to  exca- 
\'ate  a  clearly  specified  material  for  40  cts.. 
a  cubic  yard.  He  finds  on  actually  doing 
the  work  that  50  cts.  would  be  required  to 
pay  the  costs  and  a  fair  profit,  and  puts  in 
a  claim  for  the  10  cts.  If  the  engineer 
is  convinced  that  a  good  conscientious  ef- 
fort was  made  as  likely  as  not  the  claim 
will  be  .^llowed.  If  not,  he  goes  to  court, 
and  if  the  opposite  party  happens  to  be  a 
public  service  corporation  and  he  can  get 
his  case  before  a  jury  he  still  has  a  fair 
chance  to  be  reimbursed  for  his  lack  of 
skill  or  judgment.  But  let  the  unforeseen 
conditions  operate  to  decrease  the  cost  of 
the  work,  an   event  which  by  the  laws  of 


probability  ought  to  occur  quite  as  often 
as  the  other,  if  the  contractor's  vastly  su- 
perior judgment,  keenness  of  observation, 
fundamental  knowledge  which  is  practical 
— with  emphasis  on  it — and  many  gener- 
ations of  inherited  experience  are  such  as 
to  entitle  him  to  act  as  censor  to  the  entire 
engineering  profession,  would  he  be  will- 
ing to  refund  the  extra  10  cts.  when  it 
was  found  the  work  could  be  done  at  fair 
profit  for  30  cts.?  He  would  probably  have 
a  stroke  of  apoplexy  at  the  mere  sugges- 
tion. 

A  specification  says  "one-seventh  of  the 
superficial  area  shall  be  composed  of  head- 
ers." The  contractor,  although  he  made 
no  objection  to  the  clause  when  he  signed 
it,  is  positive  that  "one-eighth"  is  sufficient, 
and  undertakes  to  "educate  the  inspector" 
accordingly.  If  the  latter  fails  to  grasp  the 
lesson  with  sufficient  readiness  and  re- 
quires a  few  yards  of  wall  to  be  torn  down 
and  rebuilt  according  to  the  specifications 
he  is  "tnean  and  unfair"  and  the  contractor 
has  w-asted  a  lot  of  money  on  liis  educa- 
tion. 

But  he  does  learn  in  time  to  look 
through  the  contractor's  spectacles,  and 
ne.xt  year,  with  the  contractor's  help,  he 
draws  up  a  set  of  specifications  himself 
calling  for  "one-eighth  of  the  face  to  be 
headers." 

He  sends  out  a  sub-inspector  merely  as 
a  matter  of  form,  for  the  contractor  has 
cheerfully  signed  tlie  mutually  drawn 
agreement  and  declared  his  intention  of 
carefully  observing  every  condition  im 
posed.  Imagine  the  sub-inspector's  con- 
fusion when  this  same  contractor  starts 
to  teach  him  that  "one-ninth  headers"  is 
amply  strong  and  really  all  that  the  speci- 
fication intended  and  that  the  specification 
don't  amount  to  anything  anyway  and  that 
llie  inspector  is  mean  and  contemptible 
and  unfit  for  the  job  if  he  makes  a  pro- 
test. 

No,  the  remedy  is  not  in  ignoring  or 
disregarding  the  specifications,  nor  "edu- 
cating" the  inspector  to  do  so,  but  in  obey- 
ing and  respecting  them. 

And  by  all  means  let  us  have  rational 
specification.  Let  the  engineers  and  con- 
tractors confer  one  with  another  and  dis- 
cuss the  specifications  thoroughly  before 
signing  the  contract  (which  is  quite  cus- 
tomary at  present).  Let  the  contractor 
refuse  to  accept  any  redundant,  impossible, 
improper  or  impracticable  clause  or  per- 
haps better,  let  him  present  his  own  speci- 
fications for  consideration  by  the  en- 
gineers, as  many  of  our  very  best  contrac- 
tors are  doing  today.  But  by  no  means 
let  him  sign  the  contract  until  the  accom- 
panying specifications  are  in  such  form  that 
he  can  fully  and  unreservedly  endorse 
them  and  does  so  with  the  intention  of 
honestly  and  completely  observing  each 
and  every  requirement,  and  has  regulated 
his  prices  in  conformity  with  that  expecta- 
tion. 

But  when  his  signature  is  affixed  to  the 
document  let  him  consider  his  responsibil- 


ities just  as  binding  as  though  it  were  a 
promissory  note.  If  he  has  agreed  to 
plaster  certain  exposed  surfaces  let  him 
do  so  without  complaining. 

If  he  has  guaranteed  to  furnish  piles 
not  less  than  20  ft.  long  let  him  expect 
eacii  foot  to  be  composed  of  12  ins. 

If  he  has  contracted  to  use  stone  abso- 
lutely free  from  dust  let  him  expect  it  to 
be  so  as  it  goes  into  the  work,  irrespective 
of  its  previous  history.  It  is  not  sufficient 
that  it  was  clean  last  year  over  in  some 
other  state. 

If  the  contract  shows  that  he  has  agreed 
not  to  paint  steel  work  in  freezing  weath- 
er, let  hiin  respect  his  word,  however 
ignorant  the  inspector  may  be  as  to  why 
that  clause  was  inserted. 

In  short,  let  him  change  completely  his 
attitude  toward  specifications,  abandon  his 
spirit  of  intolerance,  assert  his  rights  to 
consideration  in  their  preparation  at  the 
proper  time,  and  concede  to  them  the  re- 
spect and  reverence  their  importance  de- 
mands, instead  of  the  scorn  and  disregard 
they  formerly  received  at  his  hands ;  then 
and  not  until  then,  will  the  contractor 
have  removed  in  large  measure  the  neces- 
sity for  "educating  the  inspector"  with  its 
attendant  expense  and  contention,  and 
have  gone  a  long  way  toward  securing  that 
harmony  of  interest  which  is  essential  for 
complete  success.  And  the  very  foremost 
contractors  in  this  country — which  means 
in  any  country — not  only  share  these 
views,  but  are  doing  more  perhaps  than 
any  other  agency  to  bring  about  their 
realization.  We  are  entering  tlie  field. 
Very  Truly, 

C.  C.  Crew,  ."^ssoc.  M.  Am.  Soc.  C.  E. 

Bay  City,  Mich.,  Feb.  15,  1909. 


Clauses  in  Specifications  Providing  for 
Arbitration  of  Disputes. 

Sirs :  I  have  been  much  interested  in 
the  article  on  "Specifications  for  Engineer- 
ing 'Work"  in  Engineering-Contr.\cting 
for  Feb.  3.  It  recalls  a  case  in  which  the 
writer  was  interested  as  contractor.  The 
specifications  were  brief,  but  contained  a 
clause  that  in  case  of  question  between  the 
engineer  and  the  contractor  the  matter 
should  be  referred  to  two  arbitrators, 
named  in  the  contract,  one  by  each  party. 
If  necessary  the  two  might  choose  a  third 
and  their  decision  was  to  be  final.  Pay- 
ments were  to  be  made  on  the  work  on  the 
completion  of  each  mile,  the  referees  to  ex- 
amine and  report  to  the  corporation  when- 
ever a  payment  was  asked  for,  and  the 
plan  worked  satisfactorily. 

Another  fact  recalled  by  your  criticism 
of  the  day's  work  system  adopted  by  the 
government  on  the  Panama  Canal  is  that 
the  work  under  the  contract  referred  to 
above  cost  the  corporation  less  than  60  per 
cent  of  the  amount  spent  on  the  first  part 
of  the  work  done  under  the  supervision  of 
a  generaJ  superintendent  and  several  as- 
sistants. Respectfully  yours, 

W\f.    MlNTO. 

Berkeley,  Cal.,  Feb.  7,  1909. 
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Proposed    Plan  for  Excavating    for 
a  Building  Site  By  Power  Scrapers. 

Sir!>:  In  conncctiuii  wilh  the  earth  c.\- 
cu\ation  of  a  l"-shapcd  hiiililitiK  wi-  pro- 
pose to  employ  a  two-dntin  lioi>tiiig  en- 
cine  with  dump  scrapers  attached  to  wire 
rope. 

The  enclosed  sketch  indicates  the  build- 
ing and  property  with  proposed  location 
of  engine>  W'c  thought  of  haCiiiK  at  least 
three  dump  scrapers  on  each  side,  making 
six  on  each  engine.  Three  filling  and 
three  dumping.  The  earth  excavation  is 
from  four  to  six  feet  deep,  and  earth  must 
be  deposited  on  property  unoccupied  by 
building. 

We  would  like  your  opinion  as  to  feasi- 
bility of  the  scheme  and  also  suggestions. 
What  would  be  the  best  type  of  scraper? 
Byejis  and  Ancun. 

Montreal,  Jan.  25,   1909. 

(For  the  two  ends  of  the  building,  the 
method  suggested  by  our  correspondents 
is    well    adapted,   but    to   excavate   the   iu- 


oi  any  of  these  power  scrapers  being 
operated  in  pairs  or  in  threes,  as  sugge-led 
by  our  correspondents.  The  only  scraper 
that  is  pulled  directly  by  a  cable,  of  which 
we  have  knowledge,  as  being  on  the  mar- 
ket, is  the  Bogley  Grader.  This  is  a  power 
scraper  of  large  capacity  that  is  operated 
in  a  manner  similar  to  the  suggestion 
made  in  the  above  letter.  This  scraper, 
like  the  others  mentioned,  is  only  operated 
one  to  a  cable.  The  McCormick  Kxca- 
vator,  which  we  understand  is  not  now  for 
sale,  but  several  of  which  have  been  used 
in  the  west,  is  meant  to  be  operated  as 
shown  iti  the  accompanying  sketch,  two  or 
three  on  a  cable  pulled  by  a  hoisting  en- 
gine. 

The  experience  of  the  writer  is  that 
that  it  is  not  advisable  for  a  contractor  to 
aitempt  to  rig  up  such  a  device,  especially 
for  a  small  job  as  this.  If  a  machine  that 
has  been  tried  can  be  bought  at  a  reason- 
able price  it  is  well  to  use  it,  but  to  buy 
the  separate  pieces  of  the  outfit,  the  cost 
is    generally    high,    and    in    this    case    the 


/>V  Con 
Sketch  Showing   Proposed  Plan  for 

tervening  space  in  the  front  of  the  buihl- 
ing,  either  another  nulhofl  nuist  be  adopted 
or  one  of  the  hojviing  engines  and  string 
of  scrapers  must  be  moved  to  a  new  posi- 
tion. With  plenty  of  room  in  which  to 
operate  and  dump  the  earth,  we  can  sec 
no  reason  why  it  is  not  possible  to  make 
the  entire  excavation  with  the  hoisting  en- 
gines and  scrapers,  except  the  trimming 
up  nf  the  cellar. 

There  are  a  number  of  power  scrapers 
on  the  market,  but  many  of  them  are 
meant  In  lie  used  either  in  connection  with 
a  derrick,  derrick  car,  locomotive  crane  or 
cableway.  .-Vmong  these  arc  the  1  ley  worth- 
Newman  Excavator,  the  .'Xustin  Drag 
Ruckct  Excavator,  the  Page  bucket,  the 
Vivian  scraper,  the  Lidgerwood  seUrilling 
drag  bucket,  the  Lidgerwood  steam 
operated   scraper.      We   have   never   known 


Excavatinq   for  a    Building   Site. 

amount  of  excavation  being  less  than  (i.iMiO 
cu.  yds.,  the  charge  for  plans  on  this  par- 
ticular job  would  be  excessive,  and  the  out- 
tit  may  not  be  adapted  to  the  next  cellar 
to  be  excavated.  .\  number  of  contractors 
and  engineers  who  have  rigged  up  similar 
excavating  schemes  of  this  kind  b  iv> 
nearly  always  discarded  them. 

Power  scrapers  pulled  by  a  grader  .ui 
suiteil  for  railroad  grading  as  the  cuts  are 
narrow,  and  the  material  is  diunpcd  into 
long  enbanknients  and  the  scraper  can  be 
(lumped  without  building  a  platform  or 
runway  of  timbers  from  \vhich  to  dump 
it,  but  for  dumping  on  a  level  piece  of 
ground,  as  shown  in  the  illustration,  some 
kind  of  a  dumping  platform  must  be 
built. 

There  are  a  number  of  methods  well 
adapted  to  this  class  of  excavation.     Drag 


and  wheel  scrapers  can  lie  used.  A  small 
re\olving  steam  shovel  loading  into 
wagons  is  another  method.  Derricks  or 
locomotive  cranes  operating  grab  buckets, 
skips  or  some  of  the  power  scrapers  men- 
tioned above  arc  also  suited  for  cellar  ex- 
cavation. .Ml  of  these  methods  have  been 
tried  and  there  is  available  cost  data  on 
them. —  Editors.  I 


The  Meaning  of  Cost  Per  Square  Foot 
of  Surface  Contact  of  Forms. 

Sirs:  I  iiwii  ill  your  issue  01  Feb.  10, 
page  lit*,  your  answer  to  Mr.  M.  J.  Dan- 
ielson,  which  doubtless  refers  to  the 
writer's  paper.  In  answer,  would  say  that 
the  price  of  forms  includes  all  necessary 
posts  and  staging,  also  wheelbarrow  runs 
for  the  placing  of  concrete.  The  paper  as 
it  will  finally  appear  in  the  Proceedings  of 
the  National  Cement  Users'  Association 
will  include  a  few  facts  which  were  not 
in  the  first  draft  and  which  were  brought 
out  by  the  criticisms  of  the  convention 
and  by  letters  subsequently  received. 

To  obtain  the  amount  of  lumber  per 
square  foot  of  surface  contact,  the  unit 
price  of  lumber  in  the  tables  can  be  di- 
vided by  the  average  price  of  lumber  per 
board  foot,  which  here  in  the  East  is  2.2 
cts.,  so  that  you  will  see  that  on  the  aver- 
age less  than  2  b.  ft.  B.  M.  were  used  per 
square  foot.  L.  C.  Wason. 

Boston,  Mass.,  Feb.  16,  1909. 


The  Board  of  Water  Supply  of  New 
York  City  is  now  calling  for  bids  for  two 
contracts  for  constructing  two  portions  of 
the  Catskill  .Aqueduct.  The  work  consists 
of  the  construction  of  ab<iut  one  mile  of 
tunnel  on  the  hydraulic  gradient,  known 
as  Bull  Hill  tunnel.  IT  ft.  high  by  13  ft.  4 
in.  wide  inside,  lined  with  concrete;  and 
two  short  stretches  of  plain  concrete  con- 
duit, known  as  cut-and-covcr  aqueduct,  at 
the  ends  of  the  tunnel,  about  Vi  mile  long. 
17  ft.  high  by  17^4  ft.  wide  inside,  situated 
in  the  town  of  Phillipstown,  Putnam 
County.  The  second  contract  calls  for 
construction  of  5.+50  ft.  of  plain  concrete 
conduit,  known  as  Yorktown  cut-and-cover, 
17  ft.  high  by  17  ft.  (!  in.  wide  and  two 
tunnels.  17  ft.  high  by  13  ft.  4  in.  wide, 
on  the  hydraulic  gradient,  having  a  com- 
bined length  of  fi.4.>0  ft.,  and  known  as 
Hunter's  Brook  and  Scribner  Tunnels, 
situated  east  of  the  Hudson  River  in  the 
town  of  Yorktown,  Westchester  County. 


For  tlie  fiscal  year  ending  June  30,  1908, 
a  total  of  .'lO,?^.'!  applications  for  patents 
of  all  descriptions  were  filed  with  the  U. 
S.  Patent  Office.  There  were  7.46"  appli- 
cations for  registration  of  trade-marks :  810 
for  labels,  and  ;VJi>  lor  prints,  making  a 
total  of  8.filii.  The  number  of  patents 
granted  was  34,003;  design  patents,  "48; 
reissue  patents,  I'll ;  trade-marks,  6,135; 
laliels,  636,  and  prints,  279,  or  a  total  of 
4I,9.V_'.  The  expired  patents  which  became 
public  property   numbered   24.270. 
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A  Reversible  Ratchet  Wrench. 

A  iK-\v  wrench,  wliicli  will  interest  ma- 
chinists, bridge  erectors,  contractors  ano 
others  who  handle  work  where  many  nuts 
of  uniform  size  have  to  be  placed,  is  ilhis- 
trated  in  the  accompanying  cut.  Tliis 
wrench  is  made  in  several  sizes,  each  with 
a  different  length  of  handle  and  each  with 
several  sizes  of  head.  The  handle  is  in  one 
piece  and  without  joints  to  weaken  it. 
The  reversing  attachment  is  near  the  head 
and  so  guarded  as  to  prevent  likelihood 
of  injury.  The  heads  are  made  to  accom- 
modate square  nuts  on  one  end  and  hexa- 
gon nuts  on  the  other,  or  hexagon  nuts  on 
both  ends,  and  so  constructed  as  to  have 
the  opening  clear  through  the  head,  thus 
allowing  the  bolt  to  go  through  it  and  al- 
lowing a  jam  nut  to  be  seated  if  desired. 
The  small  amount  of  machine  work  on 
this  wrench  has  greatly  minimized  its  cost. 

One  of  the  marked  advantages  of  this 
construction  is  that  the  wrench  entirely 
compasses  the  nut  and  prevents  slipping 
and   marring,   this   being   especially   impor- 


Catalogs  Worth  Having, 

Engineers  and  contractors  sliould  have 
on  file  the  latest  catalogs  of  machines, 
tools  and  supplies  that  they  use.  In  sending 
fof  catalogs  reviewed  or  advertised  in 
this  paper,  you  will  confer  a  favor  on  us 
if  you  will  write  direct  to  the  advertisers 
and  state  that  you  saw  the  catalog  men- 
tioned in  Engineering-Contr.^cting.  If 
you  are  in  the  market  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  notify 
promptly  the  leading  manufacturers. 

No.  1093.— Shelby  Steel  Tubes.  —  National 
Tube  Co..  Pittsburg.  Pa. 

Tliis  46-page  book  is  one  uf  the  handsomest 
examples  of  descriptive  catalog  work  we 
have  ever  seen.  Seamless  steel  tubing,  as 
most  of  our  readers  know,  has  an  extensive 
use  for  boiler  work,  automobile  construction, 
and  a  variet>"  of  other  purposes.  This  pam-. 
phlet  describes  in  detail  the  method  of  con- 
5tructing  this  tubing  beginning  w-ith  the 
rough  billets  and  following  each  step  to  the 
complete  tube.  There  are  man\'  handsome 
illustrations  showing  the  methods  of  manu- 
facture and  the  finished  product  as  turned 
out  for  various  purposes. 

No.    1094. — Insulite National    Insulite    Co.. 

Aurora.   111. 

Insulite  is  a  waterproofing  liquid  for  con- 
crete work.     The  liquid  is  applied  to  the  con- 


A     Reversible    Ratchet    Wrench    with    Interchangeable    Heads. 


tant  where  new  work  is  being  assembled, 
or  where  nuts  are  being  removed  from 
cylinders  to  be  later  replaced.  It  is  also 
very  serviceable  in  limited  space,  as  ;: 
slight  travel  of  the  handle  will  catch  one 
tooth  of  the  ratchet  and  cause  it  to  work. 
The  movemicnt  can  be  reversed  instantly 
by  throwing  over  the  lever.  In  seating  or 
removing  nuts  the  motion  is  continuous 
until  the  operation  is  completed,  thus 
greatly  economizing  time.  The  No.  1  si?*' 
takes  three  different  heads,  the  Xo.  2  can 
be  furnished  with  five  heads  and  the  Xos. 
2%  and  3  with  three  heads  each,  the  open- 
ings of  all  the  regular  sizes  being  designed 
to  fit  standard  nuts.  One  head  accom- 
panies each  wrench  regularly,  but  any  or 
all  of  the  various  heads  can  be  furnished 
according  to  a  schedule  of  sizes  giving  de- 
tailed information  and  prices. 

This  wrench  is  made  by  Greene,  Tweed 
&  Co.,  109  Duane  St.,  New  York  city. 


On  Feb.  1.  a  total  of  62,751i024  cu.  yds. 
of  excavation  had  been  done  on  the  Istli- 
mian  Canal. 


Crete  surface  by  means  of  a  brush  and  is  of 
such  a  nature  that  it  penetrates  tlie  concrete 
and  closes  the  pores  against  absorption  or 
flow  of  water. 

No.  1095.  —  Engineering  and  Drafting  In- 
struments.— Queen   &  Co..   Philadelphia,   Pa. 

This  is  tlie  i-egular  12.T-page  catalog  of 
the  above  well-known  firm's  list  of  engineer- 
ing and  surveying  instruments  and  supplies. 
The  more  important  instruments  are  fully 
described,  and  prices  and  sizes  are  given  for 
all  instruments  and   materials  listsd. 

No.  1096. — Earth  -  Handling  Machinery. — 
Western    Wheeled   Scraper    Co..    Aurora.    III. 

This  catalog  of  104  pages  illustrates  and 
describes  the  i'ull  line  of  earth-liandling  nia- 
cliinery  made  b\'  the  well-known  firm  named. 
The  description  of  wheeled  and  dray  scrapers 
is  particularly  complete.  Among  the  other 
devices  described  are  plows,  dump  cars, 
spreader  cars,  ele^'ating  graders,  and  dump 
wagons.  The  catalog  not  only  describes 
these  various  machines  in  respect  to  con- 
struction, but  also  gives  a  large  aniouuf  of 
information  as  to  the  best  methods  of  using 
them  in  earth   work. 

No.  1097. — Crushing  and  Road  Building  Ma- 
chinery.— The  Good  Roads  Machinery  Co.. 
Kennett   Square.   Pa. 

This  60-page  pamphlet  illustrates  and  de- 
scribes the  Monarch  line  of  road  machinery, 
sold  by  the  above  named  company.  The 
Monarch  crusher  and  crusher  outfits  are  de- 
scribed in  great  detail.  Among  the  other 
machines  illustrated  are  traction  engines, 
dump  cars,  road  machines,  and  road  rollers, 
as  well  as  dump  wagons,  dump  cars,  scrapers 
and  plows.  This  firm  shows  a  very  complete 
line  of  road  machinery  and  the  catalog 
should    be    of    interest    to    road    builders    in 


Personals. 

Mr.  .lames  L.  Tiglie,  Cit>'  Engineer  of  Hol- 
,\'oke,  ilass..  lias  been  elected  a  member  of 
the    Institution    of    Ci\  il    Kngineers, 

Mr.  W.  E.  Smith  has  resigned  as  City  En- 
gineer of  Webb  City.  Jlo,.  to  become  Gen- 
eral Manager  of  ihe  Engineering  Construc- 
tion   Co.,   of    Kansas    Cil.v,    Mo. 

Purdy  &  Henderson,  Inc..  Civil  Engineers, 
liave  removed  their  offices  from  TS  Fifth 
Ave.,  New  York  City,  to  the  Everett  Build- 
ing.  Union   Square  North,   that  city. 

Edwin  Reynolds,  for  many  years  an  of- 
ficial and  consulting  engineer  lor  tlie  Allis- 
Chuliiiers  Co..  of  Milwaukee.  Wis.,  died  Feb. 
19.  after  a  long  illness,  aged  77  years. 

The  New  York  State  Highway  Commission 
iias  appointed  the  following  di\ision  engi- 
neers: Harrv  P.  Willis.  Eastern  Division, 
with  office  at  Albany;  F.  W.  Sarr.  Middle 
Division,  office  at  Syracuse;  M.  W.  Wilbur, 
\Vestern  Division,  office  at  Rochester. 

Mr,  Frank  L.  Getman.  formerly  Deputy 
State  Engineer  and  Surveyor  of  New  York, 
is  now  located  at  Havana,  Cuba,  where  he  is 
Uffloe  Engineer  for  ihe  Cuban  Engineering 
&  Contracting  Co..  which  has  the  contract 
for  the  construction  of  the  new  Havana  sew- 
er system. 

Mr.  Olaf  Hoff  has  opened  an  office  at  149 
Broadwa>'.  New  York  City,  where  he  will  en- 
gage in  a  general  engineering  practice.  He 
will  make  a  specialty  of  the  design  of 
bridges,  foundations,  tunnels  and  subways 
and  the  organization  and  direction  of  new 
.construction. 

Mr.  A.  B.  Leuder,  tor  the  past  nine  \ears 
Superintendent  of  Erection  with  the  .Ameri- 
can Bridge  Co..  of  New  York,  has  left  the 
employ  of  that  company  and  is  now  asso- 
ciated with  the  Merrill-Ruckgaber-Fiaser 
Co..  Contracting  Engineers,  50  Church  St. 
New  York  City. 

The  Wynkoop-McGormley  Co.,  Toledo.  O., 
has  been  incorporated  by  C.  W.  Wynkoop, 
Geo.  McGormley.  J.  C.  McGormley,  L.  N. 
Devore  and  C.  S.  Davis.  The  company  will 
I  e  a  subsidiary'  concern  to  the  Massillon 
Bridge  Co..  of  Massillon.  C.  and  will  do  a 
contracting    business. 

Mr.  J.  M.  Biamlette.  formerly  Superin- 
tendent of  the  Michigan  United  R.  R.  lines 
in  Lansing.  Mich.,  and  aftei-ward  General. 
.Manager  of  the  company,  has  accepted  a  po- 
sition as  Superintendent  of  Construction  for 
ihe  Northern  Construction  Co.  and  will  be 
located  for  the  present  at  Rives  Junction, 
Mich. 

The  Albemarle  Construction  Co..  of 
Charlottesville.  Va..  has  been  organized  with 
Mr.  E.  M.  Wayland  President,  M.  G.  Homes 
Secretary  and  Treasurer  and  W.  N.  Lupton 
Manager,  and  will  engage  in  a  general  con- 
tiacting  business,  making  a  specialty  of  con- 
crete blocks  and  buildings,  sidewalks,  retain- 
ing walls,  dams,  arches  and  concrete  foun- 
dation   work. 

Mr.  D.  C.  Hennv.  heretofore  Supervising 
Engineer  in  charge  of  the  Pacific  Division  of 
the  U.  S.  Reclamation  Service,  has  been  giv- 
en an  appointment  as  Consulting  Engineer. 
On  Feb.  1st  the  Pacific  Division  was  divided. 
Mr  E.  G.  Hopson  becoming  the  Supervising 
Engineer  in  charge  of  all  work  previously 
forming  part  of  that  division  lying  in  the 
states  of  Oregon,  Nevada  and  northern  Cali- 
fornia. Mr.  C.  H.  Swigart  becomes  Super- 
vising Engineer  in  charge  of  all  work  for- 
merly in  that  division  lying  in  the  state  of 
Wasiiington. 

John  C.  Williams.  President  of  the  Forest 
City  Steel  &  Iron  Co..  died  on  Feb.  7  at  his. 
home  in  Cleveland,  O.  Death  was  due  indi- 
rectly to  a  fall  from  a  suburban  car  at 
Rock'v  River  last  September.  Mr.  Williams 
was  born  in  Hagerstown.  Md..  June  3.  1830. 
His  first  active  railroad  work  was  on  the 
first  survey  of  the  B.  &  O.  west  from  Cum- 
berland, Md.  He  was  also  instrumental  in 
securing  the  right  of  way  for  the  first  tele- 
graph fine  between  Washington  and  Balti- 
more. In  1861  he  first  came  to  Cleveland 
and  became  chief  engineer  of  the  Cleveland 
&  .Mahoning,  later  a  part  of  the  Erie  sys- 
tem Later  he  removed  to  Wisconsin,  but 
r€ turned  to  Cleveland  in  1S61  and  re-engaged 
it.  railroad  work.  He  soon  afterward  became 
ihief  engineer  of  the  Cleveland  &  Toledo, 
now  a  part  of  the  Lake  Shore,  and  was  suc- 
( eosively  chief  engineer  of  that  line  from 
Union,  Pa.,  to  Titusville.  Pa.,  the  Ashtabula 
branch  of  the  Lake  Shore  and  Mahoning 
road.  In  1S74  he  was  in  charge  of  the  con- 
struction of  the  stone  work  of  the  Superior 
Ave.  viaduct  in  Cleveland.  In  1880  he  became 
chief  engineer  of  the  Chicago  &  Atlantic, 
afterward  winning  promotion  to  the  generpl 
superintendency.  He  was  at  one  time  also 
ueneral  superintendent  of  the  old  Mad  River 
I!.  R..  which  became  known  as  the  Cleveland, 
.Sandusky  &  Cincinnati.  He  also  took  an  ac- 
li'.e  |.ar"t  in  numerous  oi.ier  great  railroad' 
enterprises  until  his  retirement  about  1900. 
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ENGI.NEERINO-COM  RACl  INO  A  Ridiculous  Road  Specification  Which 
A  Weekly  "Methodi  mnii  Cost"  joum«i  Incfcascs  the  Cost  of  Hauling  Road 

(or    Civil    Eniiinrcr*  and    Coniracton. 

wmi  wBicii  AHK  i-i.yniNtu  Materials,  and  a  Demonstration 

ENQINHERINa   WORLD  of  the  Value  of  Cost  Analy- 

•"''    ,,  sis  to  the  Writer  of 
CONTRACT  NEWS  „        .,.      ,.      „ 
,  Specifications. 

F*ubluhc<j  every  \\  cilijea*!»y  by  ' 

THE  MYRON  C.  CURK  PUBLISHINO  CO.  I  m    yi^'f-    ^'K"    ili'    "..inaKinK    iilit<.r    <.f 

US  Dcartwrn  sirtci.  Chicago  this  paper  had  contracts   for  road  building 

Tclrpbone  UarrUon  6.,,  ^^^    ^^^    ^,^,^   ^f    ^^.^,    y.^rl^    ,„„U.r    ^peciflC:.- 

New  Yo»»  Office:     13-21  Park  Row  ,         ,  •      .•        n      „. 

TciepboM  MiJ  c»rtiandt  """«  '^at   were  seriously  ol.jectioiiablc  on 

^^^  economic  grounds.     In  a  scries  of  articles, 
HAJ-BERT  r    CILI.ETTE    .     .    Managing  EoiToa  ,  .  ..... 

OA.S'IEL  J.  II.xUER."!  written   at   that   time,   the   principle   objec- 

""■^^n^jiiib  1-  ■    Associate  Edito.s  tions    to    the    specifications    were    outlined 

_.     I.    .ML  KK.\  1,1  ,  .  t  1 

P.  A.  SMITH.  J  and    ninny   important   changes   were   subsc- 

Vn"/^,Fn^b^^    ■    •      A-   ••    •      P""""'"  Qiicntlv  made  in  .iccordancc  with  the  siig- 

\.  D.  GILBERT    ....    Advbhtisiso  Manacer  '  •  " 

:■  gestions    offered ;    but    there    still    remains 

SUBSCFfrn  .V  ^  ^rES  ira^J.A^u^ce^:-  „„^.  ^,.„„^  ,,.,,i,h    jf  ,i,.^.,,  „„  ,„_  .„,,,,   ,„, 

Y<^-  •^^'  (^^uam,  t'ortoh'i^o.  rhtjtrrtfit  niatcriallv    to    the   cost    of    macidam    roaJ 

/lidptji.  ..., ,  .  jnama,  CanaJ  Zone  aiui  Island 

ot  Tututia.  work  without  adding  a  thintr  to  the  quality 
SJ*00  a  ytar  {Sf  issues)  to  Pominum  of  Canada.  r    .t.  i  i  i        \\r  c   _    »       ,u. 

71jw»  )*.  V  a     II   .1.  a  ■  •>»    the    road    produced.      We    refer    to    the 

S4.00  a  year  {SB  issues)  to  all  other  couHtnes.  ' 

^PVERTISISG  RATES  «»«  on  affUation.  c'a"sc  that  requires  the  conlr.ictor  to  Stan 

Copy  fnr    rrxular    atlvertisintj  must   l>e  received  ;it    the   point    farthest    from   Ilis    rock   crnsh- 
n.jt  later  than  Fritlay  prccoiinK  date  of  i&.<ue  m  ,  ,  .  ,         r  i_       i  t» 

»hich  It  is  to  appear.    'Hroposals.' 'Wants' aivd  er,  or  from  his  supply  of  broken  stone.     By 

"KorSale"  announcements  can  be  inserted  as  lata  ,  .  .      .l  .        .  i  -    . 

as  Tueviay  mornind.  this   requirement,   the  contractor   does   not 
; — ; — 7~~~~ ^  haul   any   of   the   stone  over   any   part  of 

»irteTe<l  a*  ?(econn-r!a'^s  matter.  Apnl  17,  1907,  at  th9  ,  ,  i         •     t    ■        l    -i  l        u 

t'ost  Oiliceat  Cbicaso,  Illinois,  under  act  of  Man*  ihe  macadam  that  IS  being  built  or  has  been 

■'^-  '"'"■  built, 

CONTENTS  '''^  probable  that  this  clause  originated 

""  ill   Massachusetts,   for   the   old    New   York 

Slate  road  specifications  were  largely  cop- 

Euitokial:  ipj   from  those  of   Massachusetts,  just  as 

.\      Ridiculous      Road      Specification  oihtr  states  have  more  recently  copied  the 

which   Increases  the  Cost  ol   Haul-  specifications  of  New  York,  in  this  fashion 

ing   Road   Materials  and  a   Demon-  ^ 

stration     of     the     Value    of    Cost  spreading    and    perpetuating    an    economic 

Analysis  to  the  Writer  of  Specifica-  mistake. 

c  "°"*D \\;u  ■ '.u  "  \ .■■•■'''  What   the   engineer   who   originally  pre- 

Some   Reasons  Why  Ihe  .Appraisal  of  ...  ■    ■         C   1    ■ 

Railways  Is  Imperative  if  There  Is  Pared    this    ridiculous     restriction     had    in 

to  Be  Government  Regulation 158  mind,  we  can  only  gtiess.     In  oil  probabili- 

l.  oscKKTK  SEcnoN  :  ty.  however,  be  feared  that  the  hauling  of 

Tin     Bonding   of    New   to   Old   Con-  broken  stone  over  a  partly  rolled  macadam 

trctc    159  wduld  tend  to  cut  ruts  in  it,  and  injure  the 

Eaxfii  Asn  Rock  Section:  road  before  it  had  been  finally  consolidated 

Mclluirls  and  Cost  of  Constructing  the  \,y   ,he   roller.     M   any   rate,   this   was   the 

N'ew    Raton  Tunnel    for  the   .Xtclii-  '  .     .  „, ..  „,  ,.,„„  „■„„„  u,.  .i...  „,,„;„„„,,; 

T       I      o    c     .     r-     D      /•-        .  only  reason  that  was  given  by  trie  engineers 
son,  1  opeka  &  Santa  re  Ry.  Co.  at  •',  ,    ,      ^,        ..r     ,  ■  i 

Raton  Pass.  .N'ew  Mexico 163  '"  charge  of  the  New  York  ro.nd  work  at 

.\IiiI<m1    and    Cost    of    Trimming   the  the   time  above   referred   to.     Replying   to 

Side  of  a  Rock  Excavation UUi  ,|,js   reason,   the   writer   urged   that   in   the 

RoAi!-  AMI  Streets  Section:  ,l;,ys  of  old  John   Mac.\dam  hin)>elf  there 

Amount  and  Cost  of  Repairs  to  As-  ^.^r^  „„  rollers,  and  that  all  tlu  rolling  was 

ph.llt  Pavements  at  Syracuse,  N.  Y..  ,,_^^^.   ^      ^^  ^^.,,^,^,,      j,,,,,    ,,,3,    „^,   „„^ 

and  Proper  Method  of   IJctermining  ,..,»,.,  1     ■  ■  j 

Time   for  Ceasing   Repairs  and   Re-  ''^•""^'1    «l'at     MacAdam    had     made     good 

paving     107  roads    by    that    process,    although    it    took 

Economic   Hints   for    Macadam   Road  longer  to  secure  a  finished  surface 

Contractors     168  „      ,  ,  1    ■   .1    . 

Road     Maintenance    in    Hertfordshire  I-urthermore.   the   writer   contended   thai 

County,    England 169  any   incipient    ruts   made   by    wheels  in   the 

\   Train  of  Dump  Wagons  that  Can  loose   broken   stone   could   be   removed   bv 

Be  Pulled  in  Either  Direction,  Thus  |..,l,orers  using  potato  hooks   or   rakes. 
Not    Requiring   Turning    .Around. ..  1 1 1 
Railway  Sktios  :  The    writer    finallx    obtained    permission 

An   An.ilysis  of  the  Appraisal  of  the  '"  •>"■'•'  ^  stretch  of  road,  beginning  at  the 

Railways  of   Minnesota,  with  Com-  rock    crusher   and    working   away    from    it. 

ments  on  the  .Same 172  upon  condition  thai  any  poor  macadam  re- 

Rrii<:ks.    Bi'ii.ni.Ntis    ani>   Founuation  ;  suiting  from  this  deviation   from  the  speci- 

The    Standard     Reinforced     Concrete  fications   would   lie  lorn    out    aiul   relaid   at 

Culvert    Constriction    of    the    Iowa  ,^,.  ^^.^ju-r'.  expense.     The  result  was  that 

State  Highv.ay  Commission liti  ,  .,         ,  ,  1  •  1   ■     .1  • 

c  three  miles  of  macadam   were   laid   in   this 

(■KNERAi.  Section:  ,    ,.  ,    .  ..         .       o     .   .u 

_,        .  ,    ,  ,-     .  tashion,   and   it    was  evident   to  all  at  the 

Questions  and  .Answers   to   Kngmeers  .  11.11 

and    Comractors ...  li«>  "•"<■   'hnl    no  better   r..:..!   could   have  been 
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liuilt  III  any  other  way  The  subsequent 
.I'lrabilin  of  the  road  confirmed  the  first 
,  <  IK  iiiMons. 

Now  what  is  the  advantage  derived  from 
starting  to  build  a  macadam  road  as  near 
the  source  of  stone  supply  as  possible,  in- 
stead of  starting  as  far  from  it  as  possible? 
Simply  this:  Tlie  stone  can  be  hauled  over 
a  macadam  road  instead  of  over  an  earth 
road.  This  enables  the  contractor  to  haul 
loads  two  to  three  times  greater  than  could 
be  hauled  over  an  earth  road'  and,  as 
hauling  is  one  of  the  largest  items  of  cost 
in  building  the  average  macad.im  road,  a 
great  saving  can  thus  be  effected. 

This  instance  of  the  application  of  cost 
analysis  serves  to  show  why  no  engineer 
is  competent  to  draw  a  sel  of  specitications 
until  he  has  made  a  study  of  the  actual  de- 
tailed costs  of  construction.  It  is  not  suffi- 
cient that  the  engineer  should  know  that 
6-inch  m.-icadam  can  be  let  for  65c  a  sq. 
yd.,  in  a  certain  locality,  which  is  all  that 
the  average  engineer  of  the  old  school 
thought  it  worth  wlyle  to  know.  .An  en- 
gineer should  know  the  actual  cost  of  every 
item  that  goes  to  make  this  65c.,  for  he 
is  then  able  to  sec  the  effect  of  any  given 
clause  in  his  specifications,  and  to  reason 
whether  or  not  it  will  pay  to  insert  a  given 
restriction.  Indeed,  many  engineers  never 
reason  at  all  about  the  economic  effect  of 
such  restrictions,  until  they  have  acquired 
the  habit  of  making  cost  analyses  of  con- 
struction work. 

Within  the  last  lew  years,  traction  en- 
gines for  hauling  broken  stone  in  dump 
wagons  have  been  growing  in  popularity 
among  road  building  contr.ictors.  While  a 
traction  engine  is  effective  even  on  earth 
roads,  it  is  far  more  so  on  hard,  smooth 
roads,  for  then  it  more  nearly  approaches 
the  efficiency  of  a  locomotive  on  rails  as 
a  tool  for  transportation.  Therefore,  the 
engineer  who  wishes  to  encourage  the  use 
of  traction  engines  should  be  particularly 
careful  not  to  require  that  the  road  shall 
be  started  at  the  point  farthest  from  the 
source  of  stone  supply.  With  the  more 
extended  use  of  traction  engines  by  road 
contractors,  there  will  come  a  reduced  cost 
of  road  work,  in  which  the  public  will 
share.  .Mso  it  is  clear  that  every  thing  that 
cheapens  road  work  adds  eventually  to  the 
road  mileage,  and  therefore  to  the  field  for 
engineers  engaged  both  in  Ihe  i-onsinuiion 
and  maintenance  of  roads. 

It  is  evident  there  can  Ik-  no  logical  cle- 
fensc  of  the  clause  in  road  specifications 
prohibiting  the  contractor  from  using  his 
own  macadam  road  until  he  had  completely 
fiiiishe<l  all  of  it.  He  should  not  only  be 
permitted  but  encouraged  to  start  the  ma- 
cadam as  near  his  supply  of  stone  a;  prac- 
ticable, so  that  he  will  h.-«ul  all  stone  over 
the  macadam  he  has  already  laid.  Inci- 
dentally this  hauling  is  itself  the  licsl  test 
of  the  quality  of  the  work  he  has  done. 

If  the  road  stands  up  under  it,  it  will 
stand  u|)  un<l<-r  the  future  traffic. 

of  republication  reserved. 
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Some  Reasons  Why  the  Appraisal  of 

Railways  Is  Imperative  if  There 

Is  to  Be  Government 

Regulation. 

Five  states  now  have  some  definite 
knowledge  of  the  cost  of  the  railways 
within  their  bonndarics.  In  the  order  of 
the  making  of  those  appraisals,  the  states 
are  as  follows:  Texas,  Michigan,  Wis- 
consin, Washington,  Minnesota. 

Of  these  states  only  the  last  two  have 
had  appraisals  made  for  railway  commis- 
sions for  the  purpose  of  using  the  apprais- 
als as  a  basis  of  rate  making.  The  other 
three  states  made  appraisals  as  a  basis  for 
taxation  or  for  the  limiting  of  bond  is- 
sues. 

In  the  effort  to  make  such  appraisals 
unpopular,  it  has  been  urged  that  they 
can  serve  no  useful  purpose  as  a  basis  for 
rate  making.  It  is  held  by  the  opponents 
of  government  regulation  of  railways  that 
the  value  of  a  railway  can  be  measured 
only  by  the  service  that  it  performs,  which 
service  has  no  necessary  relation  to  the 
actual  cost  of  constructing  and  equipping 
the  road.  We  shall  enter  upon  no  ex- 
tended argument  to  combat  this  theory,  but 
shall  indicate  a  few  of  the  reasons  why  it 
is  iinperative  that  all  railways  be  ap- 
praised, if  there  is  to  be  any  scientific  gov- 
ernment regulation  of  rates  or  of  ac- 
counting methods. 

To  begin  with,  every  rate  making  com- 
mission is  confronted  by  the  decision  in 
the  Smyth  vs.  Ames  case — the  Nebraska 
case — in  which  the  Supreme  Court  of  the 
United  States  has  held  that  one  of  the  es- 
sential elements  of  knowledge  that  a  rate 
making  body  must  possess  before  it  can 
proceed  intelligently  is  a  knowledge  of  the 
original  cost,  plus  the  cost  of  improve- 
ments, and  a  knowledge  of  the  cost  of  re- 
production new.  as  well  as  the  present 
value.  But,  even  if  no  such  important  de- 
cision had  been  rendered,  there  are  sev- 
eral unanswerable  reasons  why  a  physical 
valuation  of  every  railway  must  be  made 
before  rational  regulation  by  federal  or 
state  commissions  is  possible. 

The  public  is  entitled  to  protection 
against  over  capitalization  of  railways. 
This  protection  can  be  obtained  only  by  a 
knowledge  of  the  actual  investment  in 
things  tangible,  that  is  in  physical  property. 
All  else  is  "good  will."  which  may  or  may 
not  have  a  value.  The  "good  will."  or 
"franchise  value,"  of  a  public  corporation 
certainly  should  be  considered  in  regulat- 
ing its  charges,  hence  just  what  this  "good 
will"  amounts  to  is  a  matter  of  fundamen- 
tal importance.  Now,  there  is  but  one  way 
to  ascertain  what  the  "good  will"  is  really 
worth,  and  that  is  to  capitalize  the  net  in- 
come of  the  corporation  and  deduct  there 
from  the  value  of  its  physical  property. 
Thus  we  come  back  to  first  principles — the 
finding  out  what  the  physical  property  is 
worth. 


It    is   beginning   to   be    conceded   by    the 
largest    corporations    that    publicity    is    the 
best  cure  for  internal  evils  of  management. 
Insurance   companies,   banks,   and   railways 
are    now    required   to   make   public   certain 
essential  parts  of  their  accounting  records. 
This   is  admittedly  the   first   step     in     any 
sound   policy   of   public   regulation   of   cor- 
porations.    What   is   the   next   step?     Ob- 
viously to  see  that  tlie  accounting  records 
that  are  made  public  are  absolutely  correct. 
But.   to   determine    the    correctness   of    the 
accounting  records  of   a  railway,  it   is   es- 
sential that  the   examiner  o*   those  records 
shall    know    whether    the    charges   to    each 
and  every  sinking  fund  are  correct  or  not. 
For    example,   there   is   a    sinking    fund   to 
provide  for  the  replaceiuent  of  locomotives 
and  cars  when  they  are  worn  out.     No  man 
on  earth  can  tell  whether  the  millions   set 
aside  annually  in  such  a  fund  are  too  many 
millions   or  too   few.  unless   he  knows  the 
actual  physical  value   of  those  locomotives 
and  cars  and  their  present  condition.    Thus 
we   come   again   to   the   inevitable   physical 
valuation  of  railway  property.     Today  it  is 
possible   for  a   dishonest   railway  president 
to  make  a  great  show  of  successful  man- 
agement,   by    failing    to    set    aside    proper 
amounts    for    various    sinking    funds,    such 
as   funds   for   renewal   of   rails,  of  ties,  of 
equipment,  etc.    By  doing  this  he  can  "bull" 
the  stock  of  his  company  and  "unload"  on 
the  unwary  public.     Or  he  can  do  the  re- 
verse.    He  can  set  aside  arbitrary  and  un- 
necessarily large  sums  for  renewal  and  re- 
pair   purposes,    and    create    the    impression 
that   his   railway  is  earning  little   or  noth- 
ing.    These  things  can  be  done,  have  been 
done   and   are  being  done.      Nor   will  they 
ever    be    stopped    until    there      is      definite 
knowledge    of    the    physical    value    of    all 
railway   property   that   is   subject    to   wear, 
rust   or   rot,   for  without   a  precise  knowl- 
edge  of    such    physical    values    no    man    is 
capable  of  judging  accurately  whether  rail- 
way accounts  are  correctly  kept  or  not,  or 
even  whether  a   railway  is   correctly  man- 
aged  or   not. 

The  strength  of  this  argument  would  be 
comparatively  little  were  the  physical  value 
of  destructable  property  small,  but  it  is  not. 
Nearly  all  the  physical  property  is  subject 
to  destruction,  land,  grading  and  ballast 
being  about  the  only  items  that  may  be 
said  to  be  permanent.  Even  steel  bridges 
have  a  life  of  but  little  more  than  20  years, 
due  to  the  fact  that  they  become  too  light 
for  the  heavier  rolling  stock  that  a  grow- 
ing traffic  requires.  Hence  any  system  of 
scientific  railway  accounting  can  not  exist 
without  the  use  of  sinking  funds  into 
which  certain  percentages  of  the  first  cost 
must  be  put  annually. 

To  apply  a  percentage  there  must  be-  a 
principle.  In  railway  accounting  there  is 
today  no  principle,  and  there  can  be  none 
until  it  is  supplied  by  a  physical  valuation. 
If  3  per  cent  per  annum  must  be  set  aside 
for  renewals  of  locomotives,  the  question 
is  3  per  cent  of  what   value?     The  value 


of  existing  locomotives?  .And  here  we  arc 
again  face  to  face  with  the  necessity  of 
ascertaining  that  value  by  a  careful  ap- 
praisal. 

The  railway  papers  and  a  large  part  of 
the  daily  press  are  repeatedly  putting  their 
ignorance,  or  bias,  into  the  lime  light  by 
deriding  the  value  of  physical  appraisals 
of  railways.  For  example,  it  has  even  been 
urged  that  to  appraise  all  the  railways  in 
.America  would  be  an  endless  task  and  one 
of  enormous  cost.  Even  with  the  most 
thorough  appraisal,  and  where  railway 
property  has  higher  values  than  the  aver- 
age capitalization  of  our  American  roads, 
the  cost  of  appraisal  has  been  only  $15  a 
mile  of  roadway.  By  dividing  the  railways 
into  sections  containing  3,000  miles  each, 
under  75  competent  engineers,  one  in 
charge  of  each  section,  the  entire  mileage 
of  America  can  be  appraised  in  twelve 
months'  time. 

In  the  face  of  such  facts,  it  will  prove 
idle  to  oppose  much  longer  the  making  of 
a  systematic  appraisal  of  all  the  railways 
in  America. 


Preparatory    to    the    rebuilding    of    Mes- 
sina. Reggio,   Palmi,   Bagnara,  etc.,  Italian 
cities  destroyed  or  dainaged  by  the  recent 
earthquake,  the  Public  Works   Cooperative 
Society  of  Lombardy   (Societa  Cooperativa 
Lombarda  di  Lavori   Pubblici )    will  hold  a 
public  competition  to  demonstrate  the  rela- 
tive merits  of  various  materials  and  meth- 
ods of  work  and  construction  adapted   for 
use   in   the   devastated   regions.     According 
to  a  Consular  Report,  the  competition  will 
deal   especially  with   types   and   systeins   of 
construction  for  urban,  rural,  and  industrial 
edifices  least  likely  to  be  affected  by  seismic 
disturbance,  but  the  widest  latitude  will  be 
given  competitors  regarding  their  exhibits. 
They  will  be  at  liberty  to  submit  designs, 
general     proposals,     reports,     photographs, 
models,   samples  of   materials,   etc.     Three 
prizes    will    be    given:      One    of   3.000    lire 
($579).   one  of  2,000  lire    ($386),  and  one 
of  1,000  lire   ($103).     Exhibits  must  be  re- 
ceived   by    the    College    of    Engineers    and 
.Architects     ( Collcgio    degli     Ingegneri    ed 
Architetti).    No.    10    via    S.    Paola,    Milan, 
free  of  all  costs,  before  April  1.  1909.     The 
Public  Works  Cooperative  Society  of  Lom- 
bardy   reserves    to   itself   the    right    of   ap- 
plying  to    its   own   ends,    with    or    without 
modifications,    any    exhibits    that    shall    re- 
ceive  prizes.     In   such   cases,   whether   ex- 
hibits   are    protected    by    patents    or    copj;- 
rights   or   not.   the   society  will  make   suit- 
able  arrangements    with    owners   for   com- 
pensation.     From     present    indications     it 
seems  likely  that  steel  and  reinforced  con- 
crete  will   be   widely  used  in  the  work   of 
reconstruction  and  that  the  height  of  build- 
ings will  be  limited  to  10  meters  (32.81  ft.). 


The  total  estimated  production  of  Port- 
land cement  in  the  United  States  for  1908 
is  estimated  as  being  but  40,000,000  bbls. 
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Concrete  and  Reinforced  Concrete  Section 


Null.  :  I  lli^  >Li.lion  is  doolcd  lo  iiicIIiimIs  ami  vo5t  <>l  ci>ii>lru>.liiiK  concrclc 
ani)  reinforced  concrete  »lructure».  II  will  cover  the  selection,  teslini;  and 
proportioning  of  concrete  mnterinN:  laboratory  test*  of  concrete;  concrete 
mixinK.  Iriiiisportation  and  placing ;  fabrication  and  placing  of  reinforcement, 
and  fiirni  con>triit.ti»n  and  eret.ll<>n.  It  »ill  also  contain  articles  <>ii  nc»  and 
inli-resting  deveiopnu-nls  in  the  design  of  reinforced  mncrete. 


The  Bonding  of  New  to  Old  Concrete.* 

IIY   £.    r.   OUUOKICII.   M.   AM.    &UC.  C.    t. 

(Concluded  from  p.  ll">,  Kcb.  2-4. ) 

While  the  cn)!>iieerinK  prrindicnis  have 
puhli>hrd  ipiite  a  luiinhcr  of  ciininiiinica- 
tiotis  from  time  to  lime  with  ;-cKarU  to  the 
proper  points  in  concrete  floor  construc- 
tion at  which  to  stop  work,  still  these  dis- 
cussions have  all  been  of  an  entirely  aca- 
demic nature,  no  experiments  having  been 
made  with  regard  to  this  fact,  so  far  as 
known  lo  the  writer,  except  in  the  case  of 
the  reinforced  concrete  reservoirs  for  Mex- 
ico City,  described  by  James  D.  Schuyler, 
M.  Am   Soc.  C.  E.' 

There  are  four  reservoirs,  all  circular  in 
form,  and  lo-'i  m.  in  diameter  at  the  top. 
The  roof  consists  of  a  ti-in.  slab  of  rein- 
forced concrete  supported  by  ra<lial  and 
concentric  beams,  resting  on  cylindrical  pil- 
lars of  concrete,  all  properly  reinforced. 

"In  the  building  of  such  a  massive  roof 
over  >o  large  an  area  as  each  of  these  reser- 
voirs presents,  llie  question  of  sustaining 
the  forms  during  the  time  required  for  the 
setting  of  the  concrete  was  one  of  the  most 
serious  problems  to  be  solved.  To  build 
up  timlKT  supports  of  requisite  stifTness  and 
stability  re.iching  from  the  floor  to  the 
roof,  on  account  of  the  height,  would  have 
required  a  vast  forest  of  timber,  of  little 
subsequent  utility,  and  costly  lo  erect  and 
remove.  It  was  finally  determined  to  sus- 
pend the  form  from  the  tops  of  the  col- 
umns by  a  series  of  steel  I-I>cams  of  stand- 
ard sizes  and  lengths  which  would  have  a 
market  value  for  building  c<in>.lruction  of 
at  least  "■">  per  cent  of  their  cost  after  the 
works  were  completed.  But  in  order  to 
place  the  top  series  of  I-beams  high  enough 
lo  act  as  suspensors  for  the  forms  of  the 
main  reinforced  concrete  beams,  it  was 
tu,i>-.irv  to  build  up  the  capitals  of  the 
.  >! 'ri  n-  lo  the  ultimate  height  of  the  top 
of  till-  roof  .IS  li.nes  on  which  to  rest  the 
temixirary  banger  iK-ams,  and  in  these  con- 
crete capitals,  which  form  the  ends  of  four 
intersecting  concrete  beams,  mold  all  the 
steel  reinforcing  riKls  subsequently  refjuircd 
for  the  concrete  beams.  This  in  efTect 
meant  the  formation  of  the  ends  of  the 
beams  a  long  lime  prior  to  their  ultimate 
completion.  Hence  to  determine  the  efTect 
of  this  composite  coiisiruclion  fif  a  beam, 
with  a  joint  near  each  end,  upon  the  final 
strength  of  the  beam,  a  scries  of  tests  were 
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made  in  the  Condesa  Icstmg  lat)oratory, 
with  four  full-size  beams  reinforced  as  they 
»rc  to  be  used  in  the  roof  of  the  reservoir. 
Two  sets  of  tests  were  made,  with  two 
beams  each,  l-l  and  L'S  days  after  molding 
These  beams  were  14  ft.  !'  in.  long,  \i)%  in. 
deep,  '%  in.  wide,  with  a  clear  span  of 
1.1  ft.  1  in.  between  supports  In  one  beam 
of  each  set,  the  two  ends  were  molded  two 
days  in  advance  of  the  remainder,  in  the 
form  shown  by  the  shaded  areas  of  the 
diagram,  leaving  a  well-iletinc<l  line  of 
jointure  between  the  concrete  of  the  ends 
and  the  central  portion  of  the  beam. 

'"Tesi  .\.  at  14  days,  was  ui.ide  under  ihe 
following  conditions:  The  solid  beam  had 
been  molded  complete  at  one  operation, 
with  1  :'2  :;<  concrete,  reinforced  at  bottom 
with  two  square  corrugated  bars  M  in.  by 
14  ft.  10  in.  :•  two  diagonals  \i  in.  by  l">  ft. 
t!  in.;  three  obli(|uc  bars  %  in.  by  ."i  ft.  -  in. 
at  each  end,  and  diagonals,  from  center  to 
ends,  V4  in.  by  7  ft.  l>  in.,  the  metal  in  all 
being  0.7  per  cent  of  the  beam.  With  3,809 
kilos  applied  at  two  points  at  one-half 
meter  from  central  a.\is,  deflection  was 
2.4  nmi. ;  with  G,ltt.j  kilos  applied  load,  the 
deflection  was  4.(J  mm.;  with  10.3i!!l  kilos 
the  deflection  was  8.2  mm.,  when  three 
cracks  appeared,  half  the  depth  of  the 
beam,  at  distance  of  1.5,  2.!i  and  3  meters 
from  one  end.  The  final  rupture  occurred 
under  a  weight  of  11.400  kilos. 

"The  second  beam  of  the  pair,  molded 
in  sections  as  described,  showed  a  deflec- 
tion of  2.4  mm.  under  3,!)i>W  kilos.  4.8  mm. 
under  (i,8|.'i  kilos  and  8.0  nun.  under  10,- 
•36!)  kilos,  when  four  cracks  appeared,  2u 
cm,  long  at  distances  of  l..">.  1.7.  :(.0  and  '1.1 
meters  from  one  end.  all  inclining  toward 
the  load.  The  final  rupture  took  place  with 
a  deflection  of  20  mm.  under  a  load  of  1.3,- 
l>48  kilos  without  the  slightest  sign  of  weak- 
ness appearing  at  the  joints  in  the  con- 
crete.    •     »     • 

"Test  R,  at  28  d.iys,  gave  results  quite  in 
parallel  with  those  of  Test  A.  The  mixture 
was  the  same,  but  the  reinforcing  metal 
was  greater,  amoiuiling  to  1.0  per  cent  of 
the  beam,  consisting  of  three  slraiglit  base 
bars  in  iMiltom.  two  r)f  which  were  H  in 
square  and  one  ■"*s  in  square.  14  it  lo  in 
long:  also  two  base  liars  with  diagonal  to 
top  at  ends,  each  %  in.  square  and  l.'>  ft. 
It  in.  long :  three  intermediate  lop  and 
diagonal  bars  at  each  end.  each  Mi  in 
square  and  •'»  ft.  2  in.  long,  and  two  central 
diagonal  and  top  bars,  e.ich  Mi  in  sipiaio 
.iiid  7  ft   15  in   long 


"The  beams  showed  the  following  com- 
I'.irativc  retulls  during  test : 

\pplied  IWam  Molded 

Load.  Solid  Beam  in  Sections. 

Kilos.  Deflection.  IJeflection. 

.3,809  2umm  ISmin 

ii,81.j  .3i>mm  :i  .' m  i 

lo.rkW  7.0  mm  .'.tliii!i 

12..VKJ  lo  0  mm  7  2  mm 

U,742  13.0  mm  8 « mm. 

llJ,f>2i»  22.0  mm  10.2  mm 

10,018  R 

19,1 1(>  l-'i 

21.-2!»!»  l>'  I  ■ 

22,.39<)  Ruptured  by 

compression 

"In •each  beam,  cracks  began  to  appear 
under  a  load  of  10,:i»L')  kilos.     •     •     • 

"In  this  case,  also,  the  abscnse  of  any 
cracks  or  sign  of  weakness  on  the  line  of 
joints  between  the  older  an<l  newer  por- 
tion of  the  concrete  In-am  seemed  to  prove 
conclusively  that  there  was  nn  weakness 
to  be  feared  from  this  fragmentary  method 
of  molding  as  compared  with  the  mono- 
lithic beams,  but,  on  the  contrary,  ihev  de- 
veloped greater  strength  in  each  ca-' 

THE  writer's   EXPiaiMENT.s 

It  did  not  seem  necessary  to  expcnnuiu 
as  to  the  necessity  of  a  thorough  cleaning 
of  the  old  concrete  surfaces.  This  re- 
quirement is  so  obvious  that  it  is  surprising 
lo  note  the  way  many  other  constructors 
apparently  ignore  it.  A  number  ©f  years 
ago.  the  writer  discovered  the  advantages 
of  using  a  jet  of  steam  for  this  purpose, 
and  in  the  "Eugini-t-rmg  Record"  of  .March 
7.  1907,  he  advocated  its  use,  and  gave  sev- 
eral other  hints  on  concrete  work.  The 
only  other  engineer  «ho  has  advocated  it 
is  Mr.  Ernest  McCullough,  who  writes  as 
follows  :• 

"Nothing  is  so  absolutely  Iwd  for  joints 
as  sawdust  and  nothing  is  so  hard  lo  get 
rid  of  Shavings  and  blocks  of  wood  are 
picked  up  with  rag  pickers'  sticks,  which 
are  pieces  of  wo<hI  al>oiit  one  inch  square 
having  a  sharpened  nail  driven  into  one 
end.  Loose  gravel,  etc.,  can  often  l>e 
brushed  out.  Sawdust,  however,  remains. 
Even  a  strong  stream  of  water  fails  to  get 
rid  of  it.     Live   steam  at  a  '     '  'ire 

will,  however,  clean  off  the  ■  the 

concrete  to  the  bone.  It  rem.. \ is  ,ill  the 
half-set  and  dead  cement  and  all  the  saw- 
dust." 

The  writer's  experiments  were  of  three 
varieties,  and  were  arranged  with  the  fol- 
lowing objects  in  view: 

(ii)  MeasurenirnI  nf  actual  tensile 
strength  with  ■  '   iKinding,  ap- 

plied to  two  Viii  i-s.  and  after 

two  different  time  intervals; 

(6)  Determination  of  the  qualitative  ef- 
fect of  exaggerated  temperature  changes 
on    samples    representing   cement    floor   or 

••■Reinforced  Coin-ri'if.  ii    Mnntial     '    "■ 
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sidewalk  finish,  placed  after  a  relatively 
long  lapse  of  time,  with  the  help  of  acid 
treatment,  as  compared  with  simultat:eous 
placing  of  the  bottom  and  top  layers ; 

((■)  Determination  of  the  advisability 
of  depositing  concrete  for  a  deep  beam  in 
separate  layers  with  intervening  time  in- 
tervals ; 

frf)  Determination  of  the  best  point  at 
which  to  splice  concrete  floor  members  be- 
tween successive  days'  work ; 

((•■)  Value  of  acid  treatment  in  ordinary 
floor  and  walk  work. 

The  tension  tests  were  made  on  standard 
cement  briquettes.  Only  1:2  (by  weight) 
Portland  cement  mortar  was  tested. 

.A.1I  specimens  were  cured  in  air  only,  to 
be  more  nearly  analogous  to  practical 
working  conditions.  Splices  were  'made 
after  intervals  of  24  hours  and  of  7  days. 
All  specimens  were  broken  at  the  end  of 
30  days.  For  the  sake  of  comparison,  un- 
spliced  specimens  were  molded  and  broken 
after  the  same  period.  One  series  of 
briquettes  was  made  and  broken  after  24 
hours.  The  half  briquettes  thus  obtained 
were  utilized  in  one  series  of  experiments, 
half  of  theiTi  being  spliced  after  a  lapse  of 
24  hours  and  the  other  half  after  7  days. 
It  was  considered  that  these  series  would 
represent  conditions  when  the  surface  of 
old  work  was  entirely  broken  away  and 
all  loose  material  removed  just  before  the 
new  material  was  deposited.  .Another  se- 
ries of  briquettes  was  molded  with  a  thin 
strip  inserted  at  the  smallest  section.  When 
removed  from  the  molds,  of  course,  these 
briquettes  fell  apart  into  two  pieces,  the 
surface  next  the  partition  having  the  exact 
appearance  of  having  been  molded  against 
a  common  wooden  form.  After  24  hours, 
and  7  days,  these  half  briquettes  were 
spliced,  the  surfaces  to  be  bonded  first 
being  indented  with  a  sharp  steel  tool  in 
just  such  form  as  would  be  given  with  a 
picka.xe  or  blunt  chisel,  according  to  the 
usual  methods  of  roughening  surfaces  to 
be  joined.  Five  methods  were  used  in 
making  bonds,  or  rather  in  connection  with 
the  making  of  the  bond : 

(a)  The  soft  mortar  was  molded 
against  the  half  briquette  with  only  as 
much  manipulation  as  is  usual  in  depositing 
concrete  work.  The  old  half  was  used  dry 
in  its  natural  state. 

(b)  The  old  half  briquettes  were  first 
soaked  in  water  for  about  10  minutes  and 
then  the  new  end  was  molded  as  in  (a). 

(c)  A  creamy  mixture  of  neat  cement 
was  prepared,  and  the  ends  of  the  half 
briquettes  were  dipped  in  it.  This  formed 
a  coating  similar  to  that  most  often  speci- 
fied and  used.  The  new  ends  were  then 
molded  in  the  usual  way,  before  the  grout 
had  set  to  any  great  extent. 

(d)  The  ends  of  the  old  briquettes  were 
liberally  washed  with  a  1:10  solution  of 
commercial  hydrochloric  acid.  They  were 
then  washed  in  clear  water  to  remove  all 
unspent  acid,  and  the  new  ends  were  mold- 
ed as  usual. 


(c)  A  solution  of  "Bonsit"  (a  powder 
similar  in  nature  to  "Ransomite")  was  pre- 
pared in  accordance  with  the  directions  sent 
with  the  can,  or  at  the  rate  of  5  lb.  of  the 
powder  to  10  gal.  of  water.  This  solution 
was  then  used  in  the  same  manner  as  in 
(d). 

Three  specimens  representing  each  age, 
type  of  surface,  and  method  of  bonding 
were  prepared. 

Mortar  specimens  were  decided  upon, 
because  it  was  believed  that  it  is  the  mortar 
which  has  been  flushed  to  the  surface  and 
against  the  forms  on  each  side  of  the  joint, 
which  is  the  real  bonding  medium. 

Briquettes  were  used  for  several  reasons : 

(a)  Measurements  of  the  true  tensile 
strength  of  the  bond  could  be  most  easily 
obtained. 

(h)  With  the  small  size  of  the  specimen 
it  was  tliought  that  one  would  be  more 
likely  to  obtain  more  uniform  results  than 
with  specimens  of  larger  size. 

((■)  If  good  results  could  be  obtained 
with  small  specimens,  a  standard  would  be 
provided  to  be  applied  over  larger  areas. 

There  may  be  some  question  as  to  the 
truth  of  Assumption  (6),  because,  over 
large  areas,  local  deficiencies  would  be 
merged  with  strong  sections,  so  that  a 
somewhat  smaller  variation  would  probably 
be  obtained.  The  actual  wide  variation,  in 
some  cases,  is  instructive  as  to  the  proba- 
ble conditions  at  different  points  in  any 
joint.  The  narrower  range  found  with 
some  methods  of  bonding  demonstrates,  if 
anything  at  all,  that  it  is  possible  with 
them  to  gain  a  better  distribution  of  stress 
over  larger  areas  than  with  the  other 
methods. 

The  powder  when  put  into  solution  gave 
a  white  precipitate  when  tested  with  barium 
chloride,  showing  that  the  acid  in  this  case 
is  sulphuric. 


The  results  obtained  from  the  tension 
bonding  tests  are  contained  in  Table  IV. 

While  the  results  in  Table  IV  are  not 
as  concordant  as  might  be  wished,  still 
certain  deductions  may  safely  be  made : 

(0)  The  best  results  were  obtained 
with  surfaces  having  the  roughness  pro- 
duced by  the  natural  fracture.  This  points 
toward  a  purely  mechanical  bond,  or  one 
with  little  cementitious  action. 

(?')  Practically  no  bond  was  obtained 
on  surfaces  which  were  molded  against 
forms  and  had  dried  for  7  days.  This  is 
shown  by  the  large  percentage  prematurely 
broken,  even  with  careful  handling,  and  the 
relatively  low  results  obtained  at  best. 
Thorough  soaking  of  the  old  work  is  es- 
sential. 

((•)  It  was  noted  with  regard  to  the 
7-day,  smooth  surface,  grouted'  bond,  that 
the  water  was  absorbed  so  rapidly  from 
the  grout  as  to  render  it  an  actual  detri- 
ment. However,  the  results  obtained  with 
regard  to  the  24-hour  and  7-day.  rough 
surface,  soaked,  specimens  might  lead  one 
to  infer  that  there  is  a  possibility  of  using 
too  much  water.  This  latter  may  be  the 
case  in  laboratory  work,  but,  in  the  writer's 
building  experience,  few  laborers  have  ever 
been  met  who  were  prone  to  use  water  to 
what  seemed  an  excess.  In  applying  stucco 
work,  or  lining  reservoirs,  however,  an  ex- 
pert workman  knows  that  there  is  a  real 
possibility  of  too  completely  saturating  the 
old  work,  and  it  requires  long  experience 
and  great  care  to  obtain  exactly  the  proper 
liumidity. 

The  use  of  dry  cement  sprinkled  over  old 
concrete  surfaces  which  have  first  been 
dampened  is  of  questionable  value,  in  view 
of  the  writer's  experience. 

(d)  A  coating  of  grout  is  advantageous, 
first  having  soaked  the  old  concrete  thor- 
oughly to  prevent  the  water  in  the  grout 
from  being  absorbed  too  rapidly. 
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It*)  Acid  treatment  m  uii  :iKr  01  'J-l 
liotirs  is  not  of  appreciable  v;iliie 

1/)  On  surfaces  urigni.'illy  inoMeil 
ai;ainst  forms,  after  haviuK  <lrie(l  for  * 
ilay«,  acid  is  advantageous. 

{)•)  Results  with  the  use  of  acid  were 
more  consistent  among  themselves  than 
uitli  any  other  metluid. 

I  /i  I  Why  the  splices  made  after  the 
T-Ja>  interval  are  so  much  helter  than 
tho^e  maile  after  'H  hours  on  the  rouKli 
surfaces,  is  i|it)icult  to  explain,  unless  it  lie 
that  the  breakiiiK  t<>  olitaiu  this  rough  sur- 
face had  loosened  many  small  particles 
which  still  climg  to  the  damp  surface  while 
only  '^4  hours  old.  but  which  were  naturally 
removed  during  the  handling  incident  to 
the  7-day  tests. 

(I)  The  bonds  secured  on  rough  and 
snuHith  surfaces  after  •.'l-hii\ir  intervals  arc 
not  materially  difTerenl. 

While  the  acid  treatment  dues  not  give  a 
bond  as  strong  as  when  the  old  surface  is 
rough-pointed,  still  its  cost  is  nuicli  less, 
and  where  an  absolutely  monolithic  condi- 
tion is  not  essential,  but  where  fairly  good 
iKind  is  rei|uired.  the  use  of  acid  is  of 
value. 

.Xgain.  where  proper  reinforcement  is 
provided  across  joints,  the  use  of  .icid  is 
advisable  and  sufficient. 

The  powdered  material  is  much  more 
convenient  to  handle  than  the  commercial 
acids  shipped  in  glass  carboys. 

In  view  of  the  writer's  and  the  other 
iHindiug  experiments  quoted,  the  lolli>wiug 
may  he  given  as  a  proper  mode  of  pro- 
cedure : 

"For  connections  inaile  .liter  a  lapse  oi 
24  hours  or  more,  break  back  the  surface 
concrete  to  tirni  material.  ;uid  clean  the 
fresh  surface  with  steam,  air  blast  or  force- 
ful water  streams  so  as  to  remove  all  line 
loo.se  material.  Saturate  well,  but  not  so 
that  water  stands  on  the  surface  or  oozes 
from  the  material.  PaiiU  completely  with 
neat  cement  grout,  mixed  to  the  consistency 
of  thin  cream,  just  before  new  concrete  is 
deposited,  and  see  that  the  latter  is  of 
proper  mixture,  containing  a  |)roper  pro- 
portion of  mortar,  which  shouM  be  worked 
against  the  joint  .so  as  to  be  certain  that  no 
voids  exist  in  its  vicinity. 

"Kor  connections  made  after  long  inter- 
vals, so  that  the  old  cement  has  set  hard, 
and  where  the  expense  of  rough-pointing 
the  whole  surface  is  greater  than  is  re- 
quired iR'cause  of  the  nature  of  the  desired 
bond,  use  commercial  muriatic  acid,  di- 
hitcd  with  clear  water.  1  to  .5,  or 
the  commercial  l)onding  powders,  dis- 
.<iolved  in  clear  water  at  the  rale  of  "i 
lb.  of  powder  to  10  gal.  of  water.  First 
wet  the  old  concrete  surface  with  so  unich 
water  that  a  fresh  wetting  is  not  inmiedi- 
ately  absorbed  Remove  any  excess  of 
moisture  anil,  when  the  surface  appears 
as  if  commencing  to  dry.  paint  on  the  old 
surface  three  successive  coats  of  acid  one 
after  the  other.  Let  this  remain  for  about 
.10  minutes,  after  which  carcfidiv  clean  the 


surface  of  unspeiil  acid,  soluble  salts,  and 
fine  material,  with  plenty  of  water,  finally 
cleaning  with  a  steam  jet  or  air  blast  if 
obtainable.  Just  before  the  fresh  concrete 
is  to  Ik-  deposited,  and  whde  the  old  ma- 
terial is  still  very  damp,  apply  a  thin  coat 
of  neat  cement  grout  mixed  to  the  con- 
sistency of  thin  cream,  just  before  the  new 
concrete  is  deposited,  and  see  that  the  lat- 
ter is  of  proper  mixture  containing  a  prop- 
er proportion  of  mortar,  which  should  be 
worked  against  the  joint  so  as  to  be  cer- 
tain no  voids  exist  in  this  vicinity." 

.\  block  representing  a  small  section  of 
a  concrete  sidewalk,  or  floor,  was  also  pre- 
pared. It  was  just  of  a  size  to  fit  a  furnace 
door  under  a  high-pressure  steam  l)oiler. 
The  concrete  base  was  molded  :<  in.  thick, 
in  two  operations,  each  covering  half  the 
area  of  the  block.  Reinforcing  rods  were 
left   protruding    from   the   first    part   ilepos- 


)^ 


'    ' 


Fig.    1. 

ited,  so  as  to  cement  it  tirmly  to  the  sec- 
ond one.  The  latter  was  placed  7  days 
after  the  first  one.  The  surface  of  the  lat- 
ter was  prepared  to  receive  the  finish  coat 
by  applying  a  solution  of  "Bonsit."  accord- 
ing to  the  specification  previously  given. 
.\s  soon  as  tlie  concrete  of  the  second  sec- 
tion had  partially  set  a  V4-in.  coat  of  1 :3 
cement  mortar  was  spread  over  the  whole 
area  of  the  block  and  well  troweled  so  as 
to  secure  as  good  a  IkiikI  with  the  backing 
as  possible.  The  whole  was  allowed  to  set 
for  -W  days,  and  was  then  subjected  to  an 
alternate  heating  aiul  cooling  by  being 
placed  first  in  the  furnace  door  for  a  few 
minutes  and  then  allowed  to  cool  in  the 
outdoor  air.  These  alternate  periods  of 
heating  and  cooling  were  as  follows : 


Heated  12  mill. 
Cooled  i;?  mill 
1  leated  l.'>  inin. 
Cooled  3.5  mill 
Ifcated  •*)  mill. 
Co<i|ed   l.liniii. 


Heated  7  min. 
Cooled  l">min. 
I  leated  !>  min. 
Cooled  l.'i  min. 
Heated  10  min. 
Cooled, 


The  temperature  on  the  mortar  face  (the 
one  toward  the  fire  I  was  allowed  to  rise 
until  steam  was  seen  to  issue  from  the 
edge  of  the  block  liytueen  the  mortar  and 
the  concrete.  The  temperature  at  the 
depth  of  the  join  was  then  approximately 
•JilO"  F.  The  exposed  face  was  much  high- 
er, while  what  would  lie  the  Wittom  of  the 
floor  or  sidewalk  was  not  more  than  00°  F. 
when  tested  by  the  hand.  The  block  was 
then  removed  from  the  fire  and  allowed 
to  cool  until  the  hand  could  rest  ri.iii 
fortably  upon  what  had  Ik-ch  the  expoM-i! 
face.  This  would  correspond  to  a  temper- 
ature of  alKuit  r.'o"  F.  The  heating  oper- 
ation was  again  repeated,  the  time  of  ex- 
|)Osure  .again  reaching  a  point  when  steam 
appeared,  .\fter  the  second  heating,  the 
b.ick  of  the  block  re.icheil  a  temperature 
which  was  just  a  little  too  hot  for  the 
hand.  .At  each  cooling  this  fell  to  atiout 
120°  F.,  but  at  the  same  lime  the  mortar 
face  must  have  had  a  range  of  temperature 
..f  at  least  100°. 

.-\fter  the  second  heating,  a  minute  ex- 
•imination  of  the  edges  disclosed  a  hair 
crack  along  the  joint  between  the  two  lay- 
ers of  the  oldest  and  the  newest  materials ; 
H  leii  the  block  bad  iiMiled  so  that  it  was 
about  ready  for  another  heating,  a  fine 
crack  was  also  observe<l  across  the  top 
along  the  line  between  the  two  parts  of 
the  backing.  Evidently,  a  separation  would 
have  taken  place  except  for  the  reinforcing 
bars.  This  crack  could  not  be  found  on  the 
bottom  of  the  block,  and  it  closed  up  en- 
tirely during  each  he.ating,  appearing  .igain 
during  each  successive  cooling. 

.After  the  third  heating,  a  narrow  strip 
around  two  edges  sounded  hollow  when 
lapped  with  a  hammer.  .After  each  suc- 
cessive heating  and  cooling,  this  hollow- 
area  increased  somewhat,  until,  after  the 
fifth  beating,  it  included  about  half  the 
area  over  the  older  section,  .\ftcr  the  final 
heating,  however,  when  a  hammer  w-as  used 
to  break  away  the  loosened  surface  coat, 
not  more  than  tw-o-thirds  could  be  thus 
loosened,  some  parts  carrying  oflF  .adjacent 
portions  of  the  liacking.  That  portion  in 
which  the  top  and  liottom  were  placed  at 
the  same  time  could  not  be  separated  with 
a  clear  plane  of  cleavage,  even  after  the 
specimen  was  broken  into  fragments.  In 
the  latter  condition  the  two  parts  of  the 
other  half  of  the  block  readily  parted  un- 
der a  smart  blow-.  However,  from  the 
writer's  experience,  and  from  a  study  of 
the  conditions  of  the  test  at  the  site  during 
its  progress,  it  can  he  positively  affirmed 
that  the  value  of  the  acid  treatment  was 
ilemonstrated  by  the  adhesion  still  remain- 
ing even  after  the  repeated  heat  applica- 
tions. No  physical  or  weather  conditions 
are  ever  as  severe  as  those  provided  in 
connection  with  the  furnace,  and,  even  if 
e.nch  heating  and  cooling  might  be  likened 
to  an  annual  experience,  ample  bond  re- 
mained after  five  summers  and  winters  to 
warrant  a  contractor's  guaranty,  if  the 
whole    bonding    operation    were    faithfully 
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executed.  Under  actual  weather  conditions, 
the  changes  of  temperature  are  not  nearly 
as  sudden  or  widely  varying,  so  that  the 
eflfects  of  the  slightly  different  coefficients 
of  expansion  are  very  small. 

On  the  basis  of  coefficients  of  O.OiMiOuO.j.j 
and  0.00000795  for  mortar  and  concrete,  as 
given  by  Bonniceau  in  "Annalcs  dcs  Pouts 
et  Chaussees,"  and  with  a  temperature  dif- 
ference of  100°  F..  there  would  be  a  dif- 
ference of  only  0.00000140  for  each  degree, 
or  0.000140,  so  that  in  blocks  100  in.  square, 
in  which  the  maximum  probable  action 
would  be  more  than  oO  in.,  the  difference 
would  be  only  0.007  in.  On  the  assumption 
of  a  modulus  of  elasticity  of  2,500,000,  the 
resulting  tensile  or  compressive  stress  (ig- 
noring any  reduction  in  amount  due  to  re- 
sulting strains)  would  be  only  3%  lb.  per 
sq.  in.  if  uniformly  distributed,  or  at  that 
rate  if  concentrated  at  any  one  or  more 
points.  Whenever  the  bond  becomes  brok- 
en it  must  therefore  be  concluded  that  it 
was  not  sufficiently  strong  to  withstand  a 
shearing  stress  betw'een  the  top  and  bot- 
tom layers  of  the  amount  thus  computed. 
When  it  is  recalled  that  such  shearing 
stresses  should  be  much  more  than  equal 
to  corresponding  tensile  ones,  the  inade- 
quacy of  much  work  is  apparent,  and  the 
tests  of  the  tensile  strengths  developed  by 
the  variouj  methods  of  securing  a  proper 
bond  tend  to  prove  that  a  sufficient  bond 
can  be  secured  in  floor  and  sidewalk  work 
with  proper  workmanship,  particularly  if 
some  special  method  like  the  acid  treatment 
is  used,  in  the  very  execution  of  which  a 
sufficient  number  of  special  precautions  are 
added  to  improve  the  result  perceptibly. 

The  final  experiment  consisted  in  the 
fabrication  of  a  reinforced  concrete  beam, 
doing  the  concreting  in  sections,  each  suc- 
ceeding part  being  deposited  after  a  lapse 
of  about  a  week  from  the  last  one,  while 
the  beam  was  tested  after  a  final  lapse  of 
only  two  weeks  after  the  last  section  was 
concreted.  The  several  parts  and  the  order 
of  deposit  were  as  shown  in  Fig.  1.  The 
mixture  used  was  1  :'2 :4  (by  weight),  the 
broken  stone  being  the  run  of  the  crusher, 
up  to  %-in.  One  of  the  bonding  powders 
(Bonsit)  was  used  to  better  the  connec- 
tion between  successive  parts.  The  beam 
was  tested,  on  a  fi-ft.  span,  with  a  center 
load,  the  first  application,  up  to  2.500  lb., 
being  applied  at  the  neutral  axis  on  two 
projecting  rods  which  were  cast  in  the 
beam  for  the  purpose.  The  concrete  sec- 
tion was  8  by  4  in.  over  all,  reinforced  with 
two  %-in.  smooth  round  rods  placed  Vz  in. 
above  the  bottom  of  the  beam,  each  one 
extending  from  one  end  to  a  point  about 
1  ft.  from  the  other  point  of  support.  Eaeli 
end  was  bent  upward  in  a  comparatively 
large-radius  turn,  tlie  one  at  the  end 
through  an  angle  of  90°  and  the  other  one 
through  about  45°,  so  as  to  serve  to  some 
extent  in  resisting  diagonal  tensile  stresses. 
The  reinforcement  aggregated  1.34  per  cent 
of  the  effective  beam  area.  The  beam 
weighed  about  ISO  lbs      The  load  was  ap- 


plied  in    increments    of   500    lbs.    each,   the 
effect  of  each  being  carefully  noted. 

The  shapes  of  the  sections  were  deter- 
mined with  the  following  objects  in  view: 
(a)  To  determine  the  effect  of  a  hori- 
zontal joint  in  a  beam,  even  when  bonded 
as  well  as  possible,  where  no  steel  is  used 
for  the  purpose,  when  the  load  is  applied  at 
the  level  of  the  joint.  This  is  the  condi- 
tion which  exists  in  beams  which  are  de- 
signed to  be  as  deep  as  the  distance  be- 
tween vertically  adjacent  window'  heads 
and  sills  in  a  concrete  building,  and  where 
the  concrete  is  almost  invariably  deposited 
in  two  separate  operations,  with  the  joint 
between  them  occurring  at  the  le\cl  of  the 
concrete  floor. 

(6)  To  ascertain  whether  it  were  pos- 
sible to  secure,  along  surfaces  tlieoretically 
close  to  those  on  which  maximum  diagonal 
tensile  stresses  are  developed,  a  bond  of 
sufficient  strength  to  make  it  unobjection- 
able to  stop  work  along  such  a  surface. 

(<■)  To  ascertain  whether  there  is  ;Lny 
virtue  in  leaving  a  joint  only  along  a  sur- 
face theoretically  closed  to  those  on  which 
maximum  diagonal  compressive  stresses 
are  developed. 

The  test  results  obtained  were  as  fol- 
lows : 

(a)  At  2,500  lbs.,  applied  at  the  center, 
a  horizontal  crack  appeared,  extending 
from  the  load  toward  one  end  and  turn- 
ing sharply  downward  into  the  mass  con- 
crete close  to  the  turned-up  end  of  one 
rod. 

(/')  The  load  was  then  sliifted  to  the 
top  of  the  beam,  whereupon  the  horizontal 
crack  disappeared  entirely  and  the  diagonal 
one  was  barely  visible. 

(r)  At  1,500  lbs.,  applied  on  the  top,  a 
condition  almost  identical  with  (a)  had 
been  reached. 

(d)  At  3,500  lbs.  the  diagonal  crack 
had  extended  downward  and  was  following 
along  the  reinforcing  rod  toward  the  end 
of  the  beam.  Very  small  tension  cracks 
had  appeared  in  the  upper  part  of  the  beam 
under  the  load,  and  a  wedge-shaped  piece 
was  commencing  to  crack  out  at  a  point 
where  the  diagonal  and  horizontal  cracks 
intersected,  in  the  vicinity  of,  but  not  along, 
an  artificial  joint  parallel  with  diagonal 
compression  planes. 

(c)  The  load  gradually  fell  to  about 
3,000  lbs.,  as  more  strain  was  produced, 
and  all  these  cracks  became  more  promi- 
nent, until  a  sliver  of  concrete  was  forced 
off,  revealing  the  end  of  one  rod  cutting 
directly  across  the  main  diagonal  crack. 

The  rod  had  slipped  in  the  concrete  near 
the  end  of  the  beam,  but  adhered  firmly  to 
that  on  the  other  side  of  the  crack. 

It  is  to  be  noted  that  the  artificial  joint, 
where  diagonal  failure  was  expected  to  oc- 
cur, was  closer  to  one  point  of  support 
than  was  the  crack  which  actu.-dly  occurred 
at  the  other  end.  Thus  the  diagonal  stress- 
es were  larger  on  the  artificial  joint  than 
they  were  where  the  mass  concrete  failed. 
The    results    obtained    in    this    particular 


beam  may  be  summarized  as  follows : 

(a)  In  a  beam,  a  horizontal  joint  not 
reinforced  with  steel,  even  if  carefully 
bonded  with  acid  and  grout,  is  such  a  cause 
of  weakness  that  the  beam  should  be  de- 
signed of  a  height  only  up  to  the  joint, 
whenever  the  load  is  applied  at  the  level 
of  this  joint. 

(b)  In  .-i  lieam,  a  joint  can  lie  made 
sloping  in  the  direction  of  the  cracks  caused 
by  diagonal  tensile  stresses,  which  will  be 
as  strong  as  mass  w^ork,  if  the  joint  is 
bonded  in  accordance  with  the  specifica- 
tions given  above. 

(c)  In  a  beam,  the  concrete  in  the  vi- 
cinity of  .1  <liagonal  joint  parallel  with  the 
lines  of  maximum  diagonal  compressive 
stresses  will  fail  before  a  joint  made  oppo- 
sitely does,  if  incipient  failure  has  already 
occurred  in  the  vicinity  of  what  may  be 
called  the  compression  joint  and  has  not 
done  so  near  the  tension  joint. 

As  a  general  conclusion,  it  may  then  be 
stated,  that  if  proper  bonding  methods  are 
adopted,  with  acid  and  grout,  work  may  be 
stopped  along  45°  planes  at  any  point  in  a 
beam,  at  pleasure,  between  the  ends  and 
the  tliird  points.  In  view  of  the  one  other 
test  reported  beside  the  writer's,  such 
planes  would  better  be  diagonal  compres- 
sion planes.  The  writer  prefers  such  joints 
to  vertical  ones  at  the  centers  of  beams, 
where  direct  tensile  and  compressive  stress- 
es are  larger.  Further,  it  is  to  be  re- 
marked that  nothing  but  ample  reinforce- 
ment, consisting  of  stirrups  or  numerous 
diagonal  rods,  can  compensate  for  the  detri- 
mental effect  of  a  horizontal  joint  left  along 
or  near  the  central  axis  of  a  beam.  The 
writer  prefers  numerous  stirrups,  well  con- 
nected to  the  tension  rods,  and  amply  an- 
chored in  the  top  concrete. 


The  Board  nf  Supervisors  of  the  Water 
Department  of  Minneapolis.  Minn.,  will 
hold  an  examination  at  10  a.  m..  March  15. 
at  the  office  of  the  City  En.gineer.  to  se- 
cure eligiblcs  for  the  position  of  Supervisor 
of  \\'aterworks. 


A  large  hydro  electric  plant  involving  the 
expenditure  of  $5,000,000  is  to  be  construct- 
ed on  the  St.  John  River  at  Grand  Falls, 
New  Brunswick.  The  plant  will  develop 
100,000  HP.  in  electric  current  which  will 
be  furnished  to  the  various  cities  through- 
out New  Brunswick  and  Maine.  The  work 
involves,  among  other  features,  the  con- 
struction of  a  number  of  shafts  in  rock  ex- 
cavation 130  ft.  deep,  a  power  chamber  30  x 
260  ft.  and  130  ft.  deep,  and  a  tail  race 
tunnel  28  ft.  in  diameter  and  2400  ft.  long, 
a  power  house  350  ft.  long  and  200  ft.  wide. 
The  intake  shafts  will  be  nine  in  number 
and  12  ft.  in  diameter.  130  ft.  deep.  The 
work  is  to  be  done  for  the  Grant  Falls 
Power  Co..  the  Frank  B.  Gilbreth  organi- 
zation of  New  York  having  the  contract. 
John  J.  McRae,  Ottawa,  is  the  Chief  Engi- 
neer and  Ralph  Mershon,  New  York  City, 
is  the  electrical  engineer. 


March  3,  1909. 
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Methods  and  Cost  of  Constructing  the 
New  Raton  Tunnel  for  the  Atchi- 
son,   Topeka  &  Santa  Fe  Ry. 
Co.  at  Raton    Pass, 
New  Mexico. 

HV    JU^.     Wt.ll'U.. " 

During  the  latter  seventies  ul'  the  past 
century,  when  the  Santa  Fc  Railway  wa> 
huili  westward  and  southward  Uirough 
Colorado  and  New  Mexico,  a  tunnel  was 
found  to  be  necessary  in  crossing  the  di- 
vide of  the  Raton  Range,  a  spur  01  moun- 
tains projecting  eastward  from  the  Taos 
Range  in  southern  Colorado.  This  tunnel 
was  built  during  the  years  of  187S  and 
1(<7'.I,  ami  while  it  was  under  construction 
a  switch  back  was  used  in  crossing  the 
range.  It.-<  length  is  2,037  ft.  and  it  is  on 
an  ascending  grade  of  2  per  cent  from  the 
east ;  the  summit  being  at  the  west  portal. 
The  grades  approaching  the  tunnel,  from 
cither  end.  are  184.8  ft.  per  mile.  The 
tunnel  is  18%  ft.  high  above  top  of  rail 
and  has  a  clear  width  of  14  ft.  .About  oi) 
per  cent  hi  iIu-  tunnel  is  lined  with  tim- 
bers. 

This  ■irigiiiul  tunnel  had  been  in  con- 
stant use  for  about  29  years  when  the  in- 
crease in  traffic,  size  of  rolling  stock,  and 
loads,  and  the  necessity  of  extensive  re- 
pairs forced  the  company  to  build  a  new 
tunnel.  The  new  tunnel  occupies  a  site 
adjacent  to  the  old  one  and  at  the  east 
portal  the  two  arc  only  40  ft.  apart,  center 
to  center.  M  the  cast  portal  the  sub- 
gradf  of  the  new  tunnel  is  about  12  ft. 
low.'r  than  the  sub-grade  of  the  old  tunnel. 
The  new  tunnel  is  on  an  ascending  grade 
of  O.'iO  per  cent  from  the  east ;  the  sum- 
mit being  at  the  west  portal. 

The  new  tunnel  is  2.78<i  ft.  long,  17  ft 
wide  at  spring  linci  and  24  ft.  high  above 
top  of  rail  and  is  lined  throughout  with 
a  concrete  wall  of  an  average  thickness  ol 
24  inches.  There  arc  two  shafts  approxi- 
mately GxlO  ft.  in  the  clear.  One  of  these 
shafts  is  (i8<i  ft.  from  the  east  portal  and 
the  other   1,100  ft.   from  the  west  portal. 

The  contract  for  the  construction  of  the 
tunnel  was  awarded  to  The  Lantry  Con- 
tracting Co.,  a  Kansas  corporation,  organ- 
ized for  this  particular  purpose.  The  pa- 
pers were  signed  on  .April  !>,  10O7.  and 
slipiil.nled  that  the  tunnel  was  to  be  com- 
pleteil.  ready  for  track  laying,  by  March 
I,  IP^'i^.  Tliere  was  a  penally  and  pre- 
mium clause  in  the  conlr.ict  of  $\(Mt  per 
day  for  every  day's  variation  from  the 
stipulated  time  of  completion. 


*A)iii|)itnnt    tCimlin-er.    A,.    T     &    S     K     Ilv 
Topokn.   Klin 


In  what  follows,  it  must  be  borne  in 
mind  that  the  contractor  had  not  hitherto 
been  in  the  business  of  tunnel  building  and 
he  consequently  found  himself  without  a 
suitable  working  plant  or  organization  al 
the  time  the  contract  was  signed. 

Mr.  Charles  E.  lligbee,  of  Denver,  Colo., 
was  engaged  as  Superinten(ient  of  Tunnel 
Excavation  and  Mr.  S,  .\.  Maley,  of  Kan- 
sas City,  Mo.,  was  engaged  as  Superin- 
tendent of  Concrete  Work.  Both  of  these 
gentlemen  had  had  wide  experience  in 
their  respective  fields,  and  it  was  under 
their  direction  that  the  work  was  success- 
tully  completed. 

.\  central  power  plant  was  installed  near 
the  west  end  of  the  tunnel.  The  principal 
items  of  this  central  plant  were,  one  bat- 
tery of  two  horizontal  tubular  boilers  of 
100  H.P.  and  80  HP.,  respectively;  one 
Sullivan  Straight  Line  .Xir  Compressor 
W  B  2,  20x22-in.  cylinder;  one  90  HP. 
.Xrniington  &  Sims  steam  engine  for  driv- 
ing the  generators ;  two  2.5-kilowatt  Bipolar 
Edison  Generators  of  12o  volts;  together 
with  pumps,  tanks,  steam  and  water  pipes 
and  such  other  appliances  as  are  needed 
in  an  up-to-date  power  house. 

A  secondary  steam  plant  was  located  on 
top  of  the  mountain  for  the  purpose  01 
sup)>lying  power  for  operating  the  hoists  at 
the  shafts.  A  100-h.p.  boiler  was  installed 
and  the  steam  was  carried  in  pipes  laid  on 
the  surface  of  the  grourid,  from  the  Iniilcr 
lo  the  hoist,  for  a  distance  of  •VH>  ft.  each 
way. 

l-'ri-m  the  central  power  plant  at  Lynn  a 
4-in.  air  line  was  laid  along  the  surface  of 
the  ground,  over  the  top  of  the  mountain, 
to  the  Wootlon  portal.  .\t  the  Lynn  por- 
tal, as  well  as  each  of  the  shafts,  2-in.  tecs 
were  inserted  from  whence  the  air  was 
carried  down  into  the  lieadings  and  shafts 
by  2-in.   pipes. 

The  drilling  machinery  consisted  of  ten 
.Sullivan  piston  and  ten  Jeffrey  rotary 
power  drills.  For  ventilating,  two  No.  4H 
Baker's  rotary  blowers  were  secured. 
These  were  operated  by  two  7V4  h.p.  mo- 
tors of  2.'i0  volts  and  28'/^  amperes.  This 
outfit  was  moved  from  place  to  place  as 
needed.  The  cages  in  the  shafts  were  op- 
erated by  hoisting  engines,  using  cither 
compressed  air  or  steam. 

Foi  excavating  the  bench,  a  No.  2<>  Ma- 
'  rion  sleain  shovel  was  used.  This  shovel 
was  operated  by  compressed  air  from  the 
central  power  plant.  Three  dinky  engines 
kept  the  shovel  supplied  with  cars.  Ten 
M  cu.  yd.  dump  cars  were  needed  to  supply 
the  shovel,  five  in  a  train. 

The  rock  crushing  and  concrete  mixing 


plant  consisted  of  one  .\jax  boiler,  an  en- 
gine mounted  on  wheels,  one  Simmons  No. 
10  rock  crusher,  one  H  cu.  yd.  concrete 
mixer  of  the  Ransomc  type,  ten  H4  cu.  yd. 
dump  cars  and  an  incline  for  hoisting  the 
loaded  cars  from  the  tunnel  grade  onto  the 
working  platform  at  the  spring  line. 

There  was  also  constructed  an  electric 
light  and  pftwer  line  over  tlic  mountain  for 
supplying  light  and  power  to  the  camps 
and  tunnel.  .\  telephone  system  was  also 
installed. 

The  grading  outfit  was  of  the  usual  kind. 

Owing  to  the  lack  of  water  on  top  of  the 
mountain  the  company  shipped  in  four  tank 
cars  full  every  24  hours,  approximately 
4O,0tKi  gals.  Inring  required  for  all  purposes 
each  day. 

On  .-\pril  2.'>.  l!)f>7.  ground  was  broken 
for  the  power  plant  at  Lynn.  While  the 
camp  and  power  plant  were  in  course  of 
construction  work  cm  excavating  the  ap- 
proaches at  Wootton  and  Lynn  was  in 
progress.  On  .April  3  work  was  begtm  ex- 
cavating the  shafts.  The  drilling  was  done 
by  hand  and  the  excavated  material  was 
hoisted  by  animal  power.  These  shafts 
were  dug  about  8x12  ft.  in  the  clear  and 
were  109  and  115  ft.  deep,  respectively, 
measured  from  the  crown  of  arch  in  tun- 
nel. The  material  penetrated  was  soft 
sandstone,  hard  shale  and  some  coal. 

By  May  9,  when  the  power  plant  was 
ready  for  service,  the  excavation  of  the 
shafts  had  been  practically  completed,  all 
of  the  work  having  been  done  by  hand  and 
animal  power.  For  the  benefit  of  those 
who  may  have  occasion  to  construct  shafts 
under  similar  conditions.  I  submit  the  fol- 
lowing table,  which  shows  the  cost  of  ex- 
cavating Shaft  N'o.  1: 

Foreman    at   $4.50 $   37.">.25 

Shaft  men  at  $3 1.792 50 

Nippers  at  $2 32.'M> 

Timber  men  at  $3.50 56.00 

Teams  at  $2.50 132..5<> 

Teamsters    at    $2 96.00 


•327  cu.  yds.  excavation  at $2.4W.25 

The  cost  per  cubic  yard  of  excavation 
was.  then,  as  follows: 

Per  Cu.  Yd. 

Lalwr    $7.(jO 

Explosives     "5 

Supervision     65 

Total     $!».«<'* 

It  may  be  stated  that  this  includes  the 
placing  of  approximately  2f,000  ft.  B.  M. 
of  timber  lining. 

On  May  9  the  .ictual  work  of  tunnel  ex- 
cavation was  iK-gun  by  shooting  the  first 
round  of  holes  in  heading  N'o.  0  at  the 
Lynn  portal.  On  May  24  heading  No.  "i 
was  started  and  on  May  28  he.-iding  No.  1 
was  started.  On  July  9  headings  No.  ■"> 
and  No.  (1  met  at  Station  7-1-12,  Lynn  en<l. 
and  on  same  date  headings  Xos.  2,  3  and  I 
were  started.  Headings  Nos.  1  and  2  met 
on  .Aug.  8  at  Station  s-f  lit,  Woottcn  end. 
Headings  Nos.  3  and   I  met  on  S'-m    '    1' 
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Station  2+00.  Wootten  end,  tlnis  complci- 
ing  a  hole  through  the  mountain  2,786  ft. 
long  in  122  days  from  time  of  beginning. 

In  taking  out  the  headings  it  was  found 
that  from  12  to  18  holes  were  necessary  to 
cover  the  face  in  a  satisfactory  manner. 
The  center  set  of  holes  was  pointed  so  a.s 
to  rtmove  a  wedge  of  rock;  other  holes 
were  tlien  pointed  straight  ahead.  Those 
at  the  sides,  top  and  bottom  were  pointed 
slightly  outward.  The  average  depth  of 
these  holes  was  8  ft.  and  the  diameter  2% 
ins.  Sullivan  piston  and  Jeffrey  rotary 
drills,  the  former  mounted  on  tripods  and 
columns  and  the  latter  on  the  usual  frames, 
both  operated  by  compressed  air  at  9(i  lbs. 
pressure,  were  used. 

As  soon  as  tlie  drilling  was  finished  the 
holes  were  cleaned  by  blowing  compressed 
air  into  them.  They  were  then  charged 
with  dynamite,  which  was  exploded  by 
fuse.  Fuses  instead  of  electric  exploders 
were  used  because  the  former  permit  of 
timing  each  shot  in  such  a  way  as  to  give 
the  best  results  from  the  explosives  used. 
For  instance,  the  central  set  of  holes  is 
fired  first,  removing  a  wedge  so  that  the 
succeeding  shots  will  have  two  free  faces 
toward  which  they  can  break  the  rock. 
The  "muckers"  at  the  bottom  arc  fired 
last.  Their  function  is  to  throw  back  the 
debris   so  that  the  drillers  will  be  delayed 


The  former  were  pulled  by  animal  power 
to  the  portals  and  the  latter  were  propellid 
by  man  power  to  the  shafts.  From  the 
portals  the  1%  cu.  yd.  cars  ran  by  gravity 
to  the  waste  bank,  the  empties  beint; 
brought  back  by  horses  or  mules.  The 
smaller  cars  at  the  shafts  were  raised  to 
the  surface  by  hoisting  engines  operating 
cages. 

The  following  is  a  statement  of  the  cost 
of  excavating  heading  No.  6 : 

Rate.    '        Total.  ' 

Machine    foremen $4.-50     $    49o.0(i 

Machine   men 4.00       1.196.00 

Machine    helpers 3.50       1,046.00 

Xippers     2.oO         507.50 

Muck     foremen 3.50         387.00 

Laborers     2.25       2.975.50 

Teams     2.50         315.0ii 


2.897  cu.  yds.  material  excavated.  .$6.922.0(i 
The  cost   per  cubic  yard    for   excavation 
was  as  follows : 

Per  Cu.  Yd. 

Field    labor $2.39 

Labor  operating  power  plant 0.31 

Labor  in  camp  and  supervision 0.88 

Pov/der.  fuse  and  caps 0.55 

Coal     . .  .< 0.30 

Depreciation     0.65 

Total     $0.08 


£ngrQn/r  5frnr-"'  S.-'C^ln'P'  Tr-rvn'c' ' 

Sections    of    Raton    Tunnel.    Atchison,    Topeka   &   Santa    Fe    Ry. 


as  little  as  possible  before  they  can  pro- 
ceed w-ith  the  next  set  of  holes. 

The  shots  were  generally  fired  just  be- 
fore ineal  time.  Immediately  after  they 
had  been  fired,  compressed  air  was  per- 
mitted to  escape  into  the  headings  and  the 
ventilating  fans  were  started.  It  was  thus 
possible  to  clear  the  headings  of  gases  so 
that  they  could  be  entered  after  the  meal 
hour  without  loss  of  time.  Before  firing 
the  shots,  sheets  of  boiler  iron  were  spread 
on  the  ground  just  in  front  of  the  holes  to 
facilitate  the  handling  of  debris  after  blast- 
ing. 

When  the  workmen  returned  from  their 
meals  the  headings  had  usually  been  cleared 
of  gases  and  fumes  and  the  drillers  and 
their  helpers  would  enter  and  proceed  to 
shovel  back  any  rock  that  was  found  to 
obstruct  the  working  front.  As  soon  as 
this  was  done,  they  proceeded  to  drill  a 
new  set  of  holes  for  tlie  next  blast.  The 
debris  was  loaded  liy  from  six  to  ten  la- 
borers onto  cars  of  1%  cu.  yds.  and  2/3  cu. 
yd.  c;;pacity.  The  former  were  used  in  the 
headings  No.  1  and  Xo.  6.  while  the  latter 
were  used  in  headings  Xos.  2,  3,  4  and  5. 


1 

476 

■} 

■ill) 

3 

400 

4 

600 

5 

312 

6 

788 

Cost  Per 
Cu.  Yd. 
$0.54 
6.41 
4.51 
5.67 
5.93 
5.08 


A  summary  of  the  total  and  unit  costs  of 
all  six  headings  is  given  below : 

Length. 
No.     Ft.     Cu.  Yds.         Total  Cost. 

3.165 $17,534.10 

1.020 5,550.56 

1.845 8,320.95 

2.334 13.233.78 

1.564 9.274.52 

2,897 14.71G.76 

Till,  material  penetrated  in  heading  No. 
1  w-as  soft  sand  stone,  while  the  other 
headmgs  were  mixed  sand  stone,  coal  and 
.shale.  The  most  rapid  progress  was  made 
in  heading  No.  6.  where  there  was  no  tim- 
ber lining  to  contend  with.  The  average 
daily  progress  in  this  heading  was  12%  ft., 
while  for  the  last  nine  days  the  daily  aver- 
age was  17  ft.  This,  of  course,  means  per 
24  hours.  About  55  per  cent  of  the  head- 
ings were  taken  out  through  the  shafts. 

In  moving  the  bench,  holes  were  drilled 
vertically  about  7  ft.  apart.  These  were 
shot  as  in  open  cut  work.  The  muck  was 
loaded  by  a  No.  20  Marion  steam  shovel, 
operated  by  compressed  air.  Ten  3  cu.  yd. 
dump  cars  were  used,  five  in  a  train. "These 


trains  were  operated  by  three  dinky  en- 
gines, one  switching  at  the  shovel,  one  tak- 
ing the  excavated  material  to  the  waste 
dump  and  one  in  reserve. 

Following  is  the  steam  shovel  nuinthly 
progress : 

July    50  ft.    October     355  ft. 

.\ugust     420ft.    November     ...565ft. 

September     .  .  .-540  ft.   December    ....-500  ft. 

.\bout  88  per  cent  of  "the  bench  was  re- 
moved by  steam  shovel  and  12  per  cent  by 
hand.  If  we  take  into  account  the  entire 
tunnel  excavation,  25  per  cent  came  out 
through  the  shafts  and  75  per  cent  through 
the  portals. 

The  steam  shovel  began  work  on  July 
29  and  finislied  on  Dec.  23,  a  period  of  148 
days.  Below  foUow-s  a  table  showing  the 
cost  of  removing  29,417  cu.  yds.  of  bench 
excavation  by  steam  shovel : 

Rate.  Total. 

Foremen     $4.50    $1,300.50 

Steam    shovel    engineer....   6.50         1,839.50 

Crane    men 3.-50  897.00 

Dinky    engineers 3.50         1,791.00 

Machine   men 4.00        3,604.00 

Machine    helpers 3.50        3,244.50 

Pit    men 3.00        .5,793.00 

Laborers     2.00        6,151.75 

29,417   cu.   yds     $24,621.26 

The  cost  per  cubic  yard  was  as  follows : 

Per  Cu.  Yd. 

Field    labor $0.88 

Labor  operating  power  plant 0.09 

Camp  labor  and  supervision 0.26 

Powder,  fuse  and  caps 0.17 

Coal     0.09 

Depreciation    0.19 

Total    $1.68 

In  excavating  the  tunnel  no  unusual  dif- 
ficulties were  encountered.  There  was  very 
little  water  to  contend  with  and  the  mate- 
rial penetrated  was  sand  stone,  shale  and 
coal.  About  two-thirds  of  the  entire  tun- 
nel had  to  be  temporarily  lined  with  tim- 
bers. The  work  was  done  in  the  following 
manner : 

As  soon  as  the  headings  had  advanced 
sufficiently  a  gang  of  drillers  was  set  to 
work  enlarging  the  section  to  the  full  semi- 
circle required.  Sills  consisting  of  12x12- 
in.  timbers  were  bedded  at  the  spring  line 
on  each  side  of  tunnel,  so  that  the  outer 
face  was  a  uniform  distance  of  6  or  12 
ins.  from  the  face  of  the  concrete.  Engi- 
neers gave  grade  and  centers  for  these  and 
in  placing  them  they  were  set  4  ins.  higher 
than  tlie  theoretical  requirements.  This 
was  done  to  allow  for  subsequent  settle- 
ment during  the  excavation  of  the  bench, 
.^s  soon  as  the  sills  were  bedded  to  proper 
grade,  the  segiTients,  si.x  in  number,  were 
jilaced.  These  were  made  of  10xl2-in. 
pieces,  or  an  equivalent  section  of  3xl2-in. 
or  4xl2-in..  was  built  up.  The  sill,  by  the 
way.  was  also  built  up  of  3x12  or  4xl2-in. 
pieces,  set  edgewise.  The  segments  were 
spaced  3  ft.  on  centers.  Over  the  segments 
3-in.   lag.ering  was   placed,   this  having  pre- 
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viuu.sl\  been  cm  into  .'III.  lciiKtli>  l>) 
mcaii'  <>f  a  circular  saw.  .\n  sikju  as  Uic 
laKKiiiK  »;<>  placcil,  the  void  .spaces  lie- 
twi-cii  llu-  hiKKiiiK  :i"J  the  roof  of  the  ex- 
cavation were  packed  solid  with  stones  of 
various  sizes.  As  fast  as  the  iK-nch  was 
excavated  by  the  steam  shovel,  it  was  oi 
course  necessary  to  support  the  sills  at 
spring  line.  In  this  case  ordinary  piles 
about  V2  ins.  in  diameter  were  used.  These 
were  spaced  variously  from  3  to  ti  ft.  apart, 
according  to  the  load  to  he  supported 
W'liere  the  loads  were  liRht  it  was  found 
that  short  stulls  from  I  to  li  it.  long  nia<le 
of  8x8-in.  stuflf  answered  very  well  for 
supporting  the  roof  timbering.  In  such 
cases,  horizontal  stmts  had  to  be  inserted 
to  prevent  the  timbers  from  kicking  in  .it 
spring  line. 

Tl'.e  work  of  enlarging  the  section,  ihe 
placing  of  limbers  ami  the  back  lilling  was 
don-.-  by  the  same  set  of  men.  Owing  to 
this  circumstance  the  records  of  cost  data 
are  somewhat  less  satisfactorv  in  this  case 


the  bench  a  gang  of  men  was  excavating 
for  the  footing  course  of  the  concrete 
walls.  As  soon  as  portions  of  these  trenches 
were  excavated  another  gang  placed  the 
concrete  in  the  foundation.  The  mixing 
was  done  by  hand  on  sheets  of  boiler  iron 
placed  in  front  of  the  trenches.  These 
were  moved  from  place  to  place  as  rc- 
ipiired.  However,  before  any  concrete  was 
place<l,  carpenters  erected  a  sulTicient 
amount  of  forms  to  define  the  neat  line  of 
concrete  at  grade.  For  setting  these  forms 
engineers  gave  the  grade  and  center  points 
and  after  the  concrete  was  once  placed  to 
this  line  no  further  instrumental  work  was 
re<|uired.  All  of  the  foundation  concrete 
up  to  the  grade  line  of  the  tunnel,  was 
placed  in  the  manner  inilicated  above. 

For  the  real  work  of  lining  the  tunnel 
the  contractor  installed  a  rock  crushing 
:ind  concrete  mixing  plant  in  the  approach 
at  Lynn,  about  'JOO  ft.  from  the  portal.  The 
rock  w:is  qtiarricd  from  the  adjacent  hill, 
within   1'"'  ft.  of  the  crusher,  which  was  a 


View    Showing    Steel    Rib    Rail    Centers   for   Raton   Tunnel. 


than  in  olhtr  portions  of  the  work.  Oi 
these  three  items  the  records  for  the  cost 
of  enlarging  the  timnel  section  are  quite 
rcliatile.  By  subtracting  this  cost  from  the 
total  cost  of  performing  the  different 
classes  of  work,  we  have  an  amount  which 
represents  the  cost  of  labor  placing  the 
limbers  and  the  cost  of  labor  placing  the 
hack  tilling. 

The  cost  of  enlarging  the  tunnel  >ection 
was  ^i.'to  per  cu.  yd.  .After  repeated  trials 
the  cost  of  pl.'icing  the  timbers  was  ascer- 
tained lo  be  $lo.->'i  per  M.  ft.  B.  M.  By 
snbtr.icling  these  two,  the  cost  of  enlarg- 
ing the  section  and  Ihe  placing  of  the  tim- 
bers, the  remainder  was  assumed  to  repre- 
sent the  cost  of  hack  filling.  By  this  process 
of  reasf>ning  it  was  found  that  the  cost  of 
placing  the  back  fdling  was  $\.M  per  cu. 
yd.  In  the  abstract  such  reasoning  may  be 
correct,  but  practically  the  writer  has  little 
failh  in  the  results.  Summing  up.  then,  it 
may  be  assumed  that  the  cost  of  enlarging 
the  section  is  correctly  represented  by 
$"2..V>  per  cu.  yd.,  that  the  cost  of  placing 
the  limbers  lies  between  $12  and  §18  per  M 
ft.  H.  M.  and  that  the  cost  of  pl.icing  the 
back  tilling  was  not  ascertained. 

While   the   steam   shovel   was   taking   out 


No.  1*1  Simmons.  The  mixer  was  of  the 
Ransome  type,  mixing  %  cu.  yd.  per 
charge.  The  crusher  was  at  the  top  of  the 
approach  slope,  about  20  It.  above  grade.  .\ 
bill,  divided  into  three  compartments,  was 
placed  above  and  to  one  side  of  the  track 
in  the  approach.  In  the  bottom  of  the  com- 
partments were  chutes  discharging  into  a 
measuring  hopper.  Immediately  below  the 
hopper  was  the  mixer  and  below  the  mixer 
and  :i  little  to  one  side  stood  the  cars  that 
recei\ed  the  mixed  concrete.  The  rock 
w.is  carried  from  the  crusher  into  the  bin 
by  a  small  chain  elevator  and  the  sand  was 
handled  in  a  similar  manner.  The  cement 
was  carried  to  the  bin  in  s.icks.  Water 
was  supplied  by  a  2-in.  pipe  discharging 
into  the  mixer,  the  amount  being  controlled 
by  'I  boy  o|)erating  a  valve.  One  man  op- 
erated Ihe  measuring  apparatus  and  one  at- 
tended the  mixer. 

It  will  he  seen  that  the  entire  process  of 
handling  the  material  from  the  crusher 
until  the  concrete  reached  the  cars  was 
mechanical  and  from  the  bin  to  the  cars 
gravity  did  the  work. 

The  crusher  was  operated  by  a  station- 
ary engine  and  the  mixer  and  elevators  by 
independent      electric     motors.      The     cars 


were  handled  by  dinky  engines.  The  sand 
was  shippe<l  from  La  Junta.  The  crushing 
and  mixing  plant  was  a  complete  success 
from  every  point  of  view. 

Originally    it   was   the  contractor's  inten- 
tion   to    place    all    of    Ihr   concrete    lining, 
above   foundation  line,  ofT  a  movable  plat- 
form   at    spring    line.      With    this    idea    in 
view   a  siandard  flat  car  was  secured   from 
the    railway    company    and    by    means    of 
frame    work    placed   u|)on   this   car   a   plat 
form    I"   ft.  wide  and  ■">'»  ft.  long  was  sup 
ported  at  the  elevation  of  spring  line.    Thi^ 
car  was  carried  «iii  a  track  laid  in  the  cen 
ter  of  the  tunnel.      In  order  lo  elevate  the 


View   Showing    Incline   Platform    Used   in 
Concreting    Arch     Ring. 

concrete  cars  as  they  arrived  from  the 
mi.xing  plant  to  spring  line,  an  inclined 
plane  with  a  narrow  gage  track  and  mount 
ed  on  wheels  was  coupled  onto  the  plal 
form  mentioned  above.  On  the  flat 
car  was  mounted  a  hoisting  engine  operat 
ed  by  compressed  air.  The  cars  won. 
pushed  to  the  bottom  of  the  incline  by 
dinky  engines,  where  a  cable  was  hooked 
onto  them  and  they  were  then  hoisted  to 
the  top  of  platform  by  means  of  the  hoist- 
ing engine.  Once  on  top,  the  concrete  was 
dumped  onto  the  platform  and  cars  re- 
lumed by  gravity  to  tunnel  grade.  The 
concrete  was  then  shoveled  into  the  forms 
and  the  idea  was  that  the  arch  ring  would 
also  he  turned  at  once  before  advancing 
the  incline  and  platform  to  a  new  position 
It  was  found  to  be  impossible  to  turn  the 
ring  fast  enough  without  delaying  thi 
placing  of  concrete  in  bench  walls.  .A  fea 
lure  of  the  forms  was  to  use  two  4<)-lb. 
bent  rails,  one  on  each  side  and  meeting  at 
.soflit   line,  as   ribs    for   supporting   lagging 
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for  concrete.  It  is  evident  that  a  movable 
platform  will  not  permit  of  bracing  these 
ribs  crosswise  of  tlie  tunnel  axis.  Owing 
to  this  circumstance  these  ribs  lacked  stiff- 
ness and  bulged  out  considerably  when 
concrete  was  shoveled  into  the  forms.  The 
long  and  heavy  bent  rails  were  also  very 
difficult  to  handle.  Owing  to  these  draw- 
backs, this  method  of  placing  the  concrete 
was  abandoned. 

During  the  short  time  that  the  above 
method  of  placing  the  concrete  was  in 
vogue  it  became  evident  tliat,  in  order  that 
work  might  be  carried  on  without  interrup- 
tion, a  platform  of  considerable  length  was 
necessary.  It  was  decided,  therefore,  to 
erect  a  fixed  platform  at  spring  line  IT  ft. 
wide  and  500  ft.  long.  Instead  of  the  bent 
rails  for  ribs,  6x8-in.  vertical  studding 
spaced  4  ft.  on  centers  was  used.  These 
pieces  extended  from  grade  line  to  spring 
line  and  were  cross  braced  about  10  ft. 
above  grade  line.  On  top  of  these  uprights 
were  placed  6xl0-in.  caps,  which  acted  as 
beams  for  carrying  the  loose  2-in.  platform 
floor.  The  lagging  was  placed  directly  be- 
hind the  vertical  studs,  to  which  it  was 
loosely  nailed.  The  old  movable  platform, 
mounted  on  a  flat  car,  and  the  inclined 
plane,  were  then  run  up  to  the  500  ft.  fixed 
platform  and  the  concrete  was  hoisted  as 
before. 

While  the  carpenters  were  placing  the 
fixed  platform,  the  mixed  concrete  was 
brought  in  and  dumped  onto  sheets  of  boil- 
er iron  at  grade  line  and  from  there  was 
shoveled  into  the  forms  to  a  height  of 
about  6  ft.  above  grade.  By  the  time  that 
this  height  was  readied  the  platform  was 
ready  and  all  concrete  above  this  6  ft.  line 
was  then  placed  from  the  fixed  platform  at 
spring  line.  In  the  center  of  this  platform^ 
for  its  full  length,  was  a  track  connecting 
with  the  track  on  the  incline.  The  cars, 
after  they  had  been  hoisted  to  the  plat- 
form, were  pushed  by  men  to  different 
places  and  dumped.  The  cars  were  then 
pushed  back  to  the  incline  and  lowered  to 
tunnel  grade  by  gravity,  controlled  by 
hoisting  engine  on  movable  platform.  The 
concrete  was  shoveled  into  the  forms  until 
the  spring  line  was  reached.  .\s  soon  as  a 
portion  of  the  bench  walls  had  reached 
spring  line  a  gang  of  men  erected  rail  ribs 
of  a  40-lb.  section  bent  into  the  form  of  a 
semi-circle  to  receive  the  lagging  for  turn- 
ing the  arch  ring.  These  rails  were  gen- 
erally made  in  two  pieces  and  were  spaced 
4  ft.  on  centers.  The  lagging  was  2-in. 
stuff  and  was  placed  as  fast  as  the  placing 
of  concrete  required  it.  The  distance  from 
spring  line  to  soffit  line  is  8%  ft.  The  plac- 
ing of  concrete  in  the  arch  ring  for  tiie 
first  6  ft.,  did  not  differ  materially  from 
the  method  of  placing  it  in  bench  walls, 
only  a  little  more  tamping  was  necessary  to 
fill  the  voids.  After  a  point  was  reached 
where  it  was  too  high  to  cast  in  the  con- 
crete from  the  platform  at  spring  line,  a 
small  movable  platform  on  wheels,  about 
S.xlO  ft.  and  4  ft.  high,  was  pushed  under 
the    arch    and    the    concrete    was    shoveled 


from     platform    at    spring    line    onto    this  the    dollar.      This    fact    accounts    lor    the 

smaller  platform  and  from  there  into  arch  heavy  depreciation  charge  in  the  unit  costs, 

ring  until  only  a  3  ft.  gap  remained  to  be  The  unit   costs   given  in  this  article   are 

closed.  based   upon  records  kept  by  the  writer  as 

This  was  an  awkward  job  and  required  assistant    engineer   in   charge   for   the   rail- 

the    closest    attention    on    the    part    of    the  way   company.     A   man   was    employed   to 

foreman  to  prevent  the  men  from  slighting  keep  this  record,  who  had  no  other  duties 

their  work.     The  concrete  had  to  be  shov-  to  perform,  and  the  results  were  tabulated 

eled   in  endwise   and   to    facilitate   this  the  every     day.      From     facts    known    to    the 

length  of  the  lagging  for  the  last  3   ft.  of  writer    it    is    his    belief    that    10    per    cent 

arch   ring  was   cut   down   to   3-ft.    lengths.  should  be  added  to  these  figures  to  arrive 

The  concrete   for  this  was  made  dryer  to  at  the  actual  total  cost. 

prevent   it   from  sloughing  back  when  the  The   work   was   planned   and   carried   on 

tamper  was  withdrawn.  under  the   direction   of   Chief   Engineer   C. 

The  temporary  timber  lining  was  imbed-  -^-  Morse,  of  Topeka,  Kan.,  and   Engineer 

cd  in  the  concrete  and  had  been  so  placed  ?■  M.  Bisbee  of  La  Junta,  Colo.    The  field 

that  at  least  6  ins.  of  concrete  was  in  front  fore-  consisted  of  Assistant  Engineer  Jos. 

of  all   ribs  and  sills.     In  places  where  the  Weidel  with  an  instrument  party  and,  lat- 

timber   had   settled   or   swung   out   of   line,  terly,   during  the   construction  of   concrete 

the  timbers  had  settled  to  such  an  extent  as  work,  one  day  and  one  night  inspector. 

to  weaken  the  arch,  the  wooden  ribs  were  

replaced  by  bent  rails.  ^^^^^^   ^^^   ^ost    of     Trimming     the 

Tlie  progress   made   in   lining  the  tunnel  gide   of   a   Rock   Excavation. 
bv  months  was  as  follows : 

Cu  Yds  ^"  open  cut  work  where  rock  is  en- 
October  326  e-ountered  the  rock  sides  of  the  cut  sel- 
Xovember  1  000  '^°'"  have  to  be  dressed  up  with  any  nicety, 
December  985  '^"''  '"  foundation  work  it  is  often  neces- 
Tanuarv  1 986  ^^''^'  *°  '^°  ^°  ^"'^  ^'^°  '"  canal  construc- 
Februarv  4 173  ''°"'  Where  large  areas  of  the  sides  of 
March  '  "'  981  '""'^  ^"^^  '°  ^^  smooth  and  even,  channeling 
_\^    .j]                                                                1  Q9r  machines   are   used,  but   on   small  jobs  the 

work  is  generally  done  bv  hand.     In  New 

Besides  the  tunnel  lining  proper,  the  two  York  city  tliis   character  of  hand  work  is 

shafts  were  also  lined  with  concrete.     This  oft^n   done  on  cellar   excavation,  to  admit 

was  done  by  force  account.     At  the  Woot-  ,-,f  machinery  being  installed  and  structural 

ton   end  a   reinforced  concrete  portal  wall  steel    and   brick   walls   being   erected, 

was  built  and  at  the  Lynn  end  one  of  plain  j]^^    following   example   was   on   such   a 

concrete  was  constructed.  pjg^g  „£  ^.^^k  in  New  York,  the  work  be- 

The  cost  per  cubic  yard  of  placing  con-  ;„„  ^-.j^a  sehist.     After  the  excavation  was 

Crete,  exclusive  of  the  cost  of  cement,  was  „^^^^^  o„e  sj^e  for  a  distance  of  64  ft.  had 

found   from   records   kept   by  the   assistant  to  b,,  dressed  up.     From  about  2  ins.  to  5 

engineer  to  be  as  follows :  j^g    ^f  j^e  rock  face  had  to  be  clipped  off. 

"^r  The  work  was  done  b}-  men  working  two 

Lu.  id.  together,    one   holding   a    lieavv   Inill    point, 

Forms  and  platforms,  labor $0.63  ^v  an  iron  handle,  and  the  other   using  a 

Forms  and  platforms,  lumber 0.54  striking  hammer.     For  4  davs  4  men  were 

Crushing  and  quarrying  rock 0.89  engaged  on  the  job,  and  for  3  davs  6  men 

Cost  of  sand   (no   freight) 0.18  .^^re  at  work.     With  wages  $1.50  per  day 

Cost  of  handling  sand  at  tunnel 0.18  „£  ten  hours,  this  gave  a  cost  of  $51.     Or- 

Cost  of  handling  cement  at  tunnel....   0.17  binary  laborers  were  used  to  do  the  work. 

Cost  of  housing  cement  at  tunnel 0.O4  p^^  32  ft.  the  rock  cutting  was  8  ft.  high 

Mixing  and  transporting  concrete....   0.41  ^nd   for  the  other  32   ft.  it  was  onlv  6  ft. 

Placing  concrete  into  forms 0.81  ,„•„],,  making  in  all  448  sq.  ft.     This  gave 

Removing  forms  and  pointing 0.32  ^  cost  of  11.4  cts.  per  sq.   ft.  of  rock  face 

Supervision  and  camp  labor 0.66  trimmed.     Two  men  working  together  did 

Labor  operating  power  house 0.20  ^„    a„    average    of    261/2    sq.    ft.    per    day. 

■1      ^■*'  These  costs  do   not  include  anv  allowance 

Depreciation   of   plant 0.65  f^^  dressing  the  bull  points. 

Nails,  oil  and  candles 0.03  

Rental  on  rails  and  ties O.O.S  -p,,^    r^^^j    ^f    ^y^ter    Supply    ni    New 

"  York  City  is  calling  for  bids  for  two  large 

°''"    $6.08  contracts   in  connection  with   the  construc- 

Thc  lining  of  the  tunnel  proper  was  com-  tion  of  the  Catskill  .\queduct.  One  of  these 

pleted  on  April  15,  while  tlie  whole  contract  contracts   calls    for   the    construction    of    a 

was  finally  completed  on  June  20,  1908.  444  deep  pressure  tunnel  in  rock  14%  ft.  in  in- 

days  after  ground  was  broken.  ^ide    diameter    and    about    23.400    ft.    long 

The  cost  of  the  contractor's  plant  in  thi<  The  bids  are  to  be  opened  March  18  and  22. 

case  was  estimated  at  $55,000.     The  outfit  

was  purchased   especially   for  this  contract  The  XJ.  S.  Senate  on  Feb.  27  passed  the 

and  at  the  conclusion  of  the  work  the  con-  River  and   Harbor  bill  carrying  appropria- 

tractor  offered  to  sell  the  plant  at  50  cts.  on  tions  aggregating  $9,700,000. 
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Roads  and  Streets  Section 


Note  :  I  liis  >ii.iiciii  is  iIcnoiciI  10  iiiciIiihIs  and  c<>-^ts  nl  road  and  street  con- 
struction. It  will  cover  road  building  in  all  its  details,  the  construction  of 
pavements,  sidewalks  and  >;iitlers,  the  testing  and  use  of  pavinn;  materials  and 
the  machiner\  and  tools  used  in  road  luiilding  and  paving. 


Amount  and  Cost  of  Repairs  to  Asphalt 
Pavements  at  Syracuse,  N.  Y.,  and 
Proper  Method  of  Determin- 
ing Time  for  Ceasing  Re- 
pairs   and    Re- 
newing. 

\aliial)le  data  <in  the  amount  and  cost 
of  lepairs  of  asphah  pavements  at  Syra- 
cuse, N.  Y.,  are  given  in  his  annual  report 
by  City  Knginccr  H.  C.  .'\llcn.  In  addition 
to  the  data  on  life  and  cost,  tile  report 
presents  a  plan,  which  will  interest  city  en- 
gineers, for  detenninini;  when  repairs 
shonid  cease  and  the  pavenu-nt  he  resur- 
faced. We  quote  Mr.  .-Mien's  report  as 
follows  : 

The  first  asphalt  pavements  in  Syracuse. 
N.  Y..  were  laid  in  1889,  20  years  ago. 
Since  that  lime  more  or  less  of  this  kind 
of  pavement  has  been  laid  each  year,  ex- 
cepting IH!t|  and  18!»-J.  until  at  present  there 
are  about  ii-J-"i,'«Hi  sq.  yds.,  outside  of  the 
railroad  strip  ami  exclusive  of  asphaltin.i 
In  1!MV.».  the  Department  of  Public  Works 
commenced  to  systematically  repair  all  as- 
phalt pavements  out  of  guarantee  and  to 
make  a  record  of  the  amount  of  work  done 
and   its  cost. 

Following  is  a  tabic  showing  the  total 
number  of  square  yards  of  asphalt  pave- 
ment out  of  guarantee,  and  the  total  cost 
of  repairs  each  year  from  1W2  to  1908. 
both  inclusive. 


Total  Repairs 

S<4.  V<1».  S<|.  Yds  Cost. 

.    l.'.t.ISS  1.414  $  2.6.".6.4ii 

I'"-             :41.i;.-.  2.710  4,BS6.46 

I"  1                     >l   l^'i  .'..617  9.628.37 

1"                                   I  9.308  13.27".. 43 

1""  I4.a:.8  19.147.1:) 

I  "                                  J  17.571  24.092.21 

1"  ~              4a4.ial  17.821  24.028.0,! 


T'.lalii 69.402  {97,714.36 

The.  total  amount  of  .isphalt  pavement  re- 
quired was  f>9,402  sq.  yds.,  ami  the  cost 
$.''7,TM.:W.  Besides  this,  there  has  been  a 
large  amount  of  asphaltina  pavement  re- 
paired. The  laying  of  asphaltina  ceased  in 
IWK*  and  it  has  always  been  kept  in  repair 
with  asphalt. 

During  the  past  two  or  three  years  it 
has  been  observed  that  the  older  asphalt 
pavements,  those  laid  in  18.95  and  previous 
thereto,  were  fast  re.iching  a  condition 
impracticable  to  repair,  and  a  lime  when  a 
new  surface  must  be  laid,  ll  was  also  no- 
ticeable that  the  greater  part  of  the  cost 
of  repairs  was  upon  these  old  p.TvemenIs 
Because  of  these  observed  facts,  and  the 
constantly  increasing  annual  charge  for  re- 
pairs, a  study  and  analysis  of  the  records 
were  undertaken  with  a  view  to  recom- 
mending a  policy  on  the  part  nf  the  De- 
partment  of    Public   Works   with   reference 


I.,  tlic  niainlenaiice  ul'  lbi»  class  ot  pave- 
ments. .According  to  the  provisions  of  the 
Charier,  the  cost  of  paving  streets  has 
been  paid  by  the  owners  of  abutting  prop- 
erty and  after  the  expiration  of  the  guar- 
anty period,  the  Department  of  Public 
Works  has  made  the  necessary  repairs. 
The  analysis  above  referred  to  show  that 
the  cost  per  square  yard  per  year  for  re- 
pairs to  asphalt  increases  in  an  increasing 
ratio.  This  ratio  has  been  estimated  from 
experience  with  the  pavements  in  this  city 
as  fiillows : 

Cost  Per  Sq.  Yd.  Total  Cost  to 

Yearoftlie     Per  Tr  at  $1.11  Date  ICach  Yr. 

r'avement  I.lfe.   Per  Sq.  Yd.  Sq.  Yd. 

6th                     $0,003  $0,003 

7th                         .011  .014 

8th                         .011  .028 

9th                         .028  .056 

10th                         .035  .091 

11th                         .056  .147 

12th                         .085  .232 

I3th                         .127  .359 

11th                         .169  .528 

It  is  apparent  from  these  figures  as  well 
as  from  the  contemplation  of  the  increasing 
.ictiial  cost  from  year  to  year,  that  the  re- 
pairs to  asphalt  pavements  by  the  Depart- 
ment of  Public  Works  can  not  go  on  indef- 
initely without  involving  the  resurfacing  of 
entire  pavements. 

The  Charter  provides  that  the  resurfac- 
ing of  street  pavements  shall  he  done  at 
the  expense  of  the  owners  of  abutting  prop- 
erty, and  the  problem  here  to  be  solved  is 
the  detenninalion  of  the  time  at  which  the 
Department  of  Public  Works  shall  cease 
making  repairs,  and  leave  the  pavement  to 
be  resurfaced  in  the  manner  provided  by 
law.  Several  suggestions  have  been  made 
one  thai  a  pavement  having  once  been  laid, 
the  City  shall  keep  it  in  repair  for  a  certain 
period  of  years,  say,  until  it  is  1.1  years  old: 
another  that  a  pavement  shall  be  kept  in 
repair  by  the  City  until  a  certain  percent- 
age of  its  area  shall  have  been  repaired. 

Objection  is  found  to  the  first  proposition 
in  that  the  lives  of  pavements  vary  with 
their  location  and  ihe  volume  of  traffic  to 
which  they  are  subjected.  Some  of  the 
asphalt  pavements  are  found  to  have  had 
.IS  low  as  1  per  cent,  of  the  total  surface 
repaired  and  to  be  still  in  fair  condition  at 
ihe  end  of  12  years,  while  others  not  so 
favorably  located  and  sustaining  heavy  traf- 
fic have  had  more  than  SO  per  cent  of  the 
total  surface  repaired  in  the  same  period, 
and  are  not  capable  of  further  repairs.  Il 
is  evident  that  a  hard  and  fast  rule  tha' 
all  asphalt  pavements  must  be  resurfaced 
:il  the  end  of  bi  years  of  life  will  not  oper- 
ate in  an  equitable  and  consistent  manner, 
for  the  reason  that  in  some  cases  the  con- 
dition of  the  pavement,  due  principally  to 
ils  use.  will  require  resurfacing  at  .in  earlier 
period,  and  in  others   the  rule  will  require 


ihe  destruction  and  replacement  of  a  pave- 
ment which  still  has  in  it  the  ability  to 
render  service  for  a  longer  peritxi. 

The  proposition  that  the  City  keep  an 
.isphali  pavement  in  repair  until  such  a  time 
:is  a  certain  percentage  of  its  total  area  has 
l)een  repaired  seems  to  meet  the  require- 
ments of  the  situation  in  a  more  practical 
;ind   equitable  manner. 

The  study  of  the  information  contained 
in  the  record  of  repairs  shows  that  after 
the  tenth  year  of  life,  the  amount  of  re- 
pairs per  square  yard  per  year  increases 
at  a  much  more  rapid  rate  than  in  previous 
years.  The  results  obtained  by  taking  the 
mean  or  average  of  the  quantity  of  repairs 
to  pavements  which  have  reached  the  age 
considered  is  as    follows : 

Y'ear.  Amount  of  rtepalrs.  Sn.  Yd«. 

11th  Year— Per  Si|.   Yd.,  Per  Year 04 

12th  Y' ear— Per  Sq.  Yd.,  Per  Y>ar 06 

laih   Year— Per  Sq.  Y'd.,  Per   Year 09 

Hlh   Year- Per  Sq.  Y'd..   Per  Y'ear 12 

Total  repairs 0  SI 

Average  from  6th  to  10th  year  Inclusive  0.085 
Total  for  14  years 0.375 

It  is  also  to  be  observed  that  in  the  ma- 
jority of  pavements  the  general  condition  at 
the  time  repairs  to  the  extent  of  37%  per 
cent  have  been  made  is  such  as  to  render 
further  repairs  impracticable,  and  resur- 
facing necessary. 

Taking  the  average  of  all  pavements  of 
this  kind,  it  is  found  that  at  the  end  of 
the  14  years  of  life  the  percentage  of  37V4 
per  cent  of  the  total  area  has  been  repaired, 
the  extremes  being  such  streets  as  North 
and  South  Salina,  which  reach  the  limit 
in  1 1  years,  and  others  such  as  Davis  and 
Fitch  streets  which  have  not  required  •"• 
per  cent  repairs  in  12  or  1.3  years. 

It  is  therefore  recommended  that  it  be 
the  policy  of  the  Department  of  Public 
Works  to  keep  up  the  repairs  to  asphalt 
pavements  until  such  time  as  the  total  re- 
pairs thereon  have  reached  37%  per  cent 
of  the  total  area :  that  having  made  repairs 
10  that  extent  upon  any  pavement  it  be 
abandoned  for  further  repairs,  and  re- 
ported to  the  Common  Council  as  a  proper 
object  for  resurfacing  It  .should  be  noted 
in  connection  with  this  discussion  and  the 
general  one  of  the  participation  by  the  City 
at  large  in  the  cost  of  pavements,  that  by 
paying  the  cost  of  repairs  until  the  time  the 
percentage  of  total  surface  above  commend- 
ed has  been  reached,  the  City  at  large  par- 
ticipates in  the  cost  of  the  pavement  during 
the  period  of  its  life  to  the  extent  of  aKiut 
•M  cts.  per  square  yard  or  about  3ft  per  cent 
of  the  total  cost  of  ilu  n. tI^ImM,-  i...rti,.M 
of  the  pavement. 

If  it  is  thought  I..  Ill-  :i.|M>ai>lc  llial  llie 
.general  scheme  of  paving  assessment  now 
in  force  should  be  changed  by  Charter 
amendnunt,  so  that  the  City  at  large  is 
made  10  participate  in  a  portion  of  the 
original  cost  of  a  pavement,  it  is  suggested 
that  it  would  be  an  equitable  arrangement 
in  making  such  assessments  to  consider  that 
the  streets  crossed  by  any  proposed  pavc- 
nieni  are  City  properly  fronting  the  im- 
provement, and  to  charge  the  cost   of  the 
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pavement  to  this  property  at  the  same  rate 
per  foot  front  as  other  property  along 
the  line  is  called  upon  to  pay.  The  appli- 
cation of  this  rule  during  1909  would  re- 
sult as  follows  : 

REPAIR     TO      ALL      PAVEMENTS      LAID 
SINCE     1895— ESTIMATED     COST. 
Estimated  cost 
of  repairs 
per  sq.  yd. 
Laid.      Age.        Sq.  yds.     per  year.      Amounts. 

1896  13  2S.42ti  $0,127  J3.229.3(; 

1897  12      20,733       .085      1,762.31 

1898  11     106.609       .056      5,970.10 

1899  10     109.927       .035      3,S17.45 

1900  9  9,409  .028  263.45 

1901  S  53.613  .014  750.58 

1902  7  6,725  .011  73.97 

1903  6  17,257  .003  51.77 

$15,948.99 

Add  all  pavements  laid  previous  to  1896 

which  37%  per  cent  of  tlic  area  has  not  yet 

Ix'cn  repaired. 

E.stimated  cost 
of  repairs 
per  sq.  yd. 
Laid.      Age.         Sq.  yds.     per  year.      Amounts. 
1895  14  7,172  $0,169  $1,207.00 

15  10,857  .212  2,301.68 

19  22,538  .013  •292.99 
20                  629                 .25  157.25 

$3,958.92 
•Resurfaced  1902-3. 

SUMMARY. 

$15,948.99 
3,958.92 

$19,907.91 
Contingencies   10%  =       1,990.79 

$21,898.70 

Say  —  $22,000.00 
This  contemplates  the  abandoment  for  re- 
pairs of  the  following: 

Amt.  of 

repairs 
to 

date.  Age.     Location.  Sq.  yds. 

.502  14  N.  Salina  St.,  Butternut  St.  to 
Oswego  Canal,  First  Ward 
(ordered   resurfaced   1908) 20,634 

.."i30     14     N.     State     St.,     ,lames     St.     to 

Erie    Canal    2,494 

.490     15     N.     Clinton     St..     W.     Genesee 

St.  to  Erie  Canal 229 

.435     l."i     Montgomery    St.,     E.    Genesee 

St.    to    E.    Jefferson   St 2,119 

.522     15     E.  Onondaga  St.,  S.  Salina  St. 

to  S.   State   St 6.842 

.679  15  S.  Salina  St..  Castle  St.  to 
Brigtiton  Ave.  (ordered  re- 
surfaced in  1908) 12,825 

.435     15     S.    Warren    St.,    Onondaga    to 

Salina  Sts 5,905 

51,048 

The  U.  S.  Civil  Service  Commission. 
Washington,  D.  C.  will  hold  an  examina- 
tion on  March  10-11  to  secure  eligiblcs  from 
which  to  make  certilicatiou  to  fill  vacancies 
as  they  may  occur  in  the  position  of  Civil 
Enginer  in  the  Philippine  Service.  The 
entrance  salary  is  usually  $1,400  a  year. 
There  are.  however,  similar  positions  in 
that  service  paying  higher  salaries,  and  it 
is  desired  to  secure  from  this  examination 
cligibles  who  arc  qualified  to  fill  the  higher- 
salaried  positions  in  the  event  that'  vacan- 
cies therein  occur.  Appointees  are  allowed 
field  expenses  when  absent  on  duty  from 
tlieir  permanent  .station.  It  is  especially  de- 
sired to  secure  cligibles  who  have  had  ex- 
perience in  river  or  hai'bor  work,  to  fill  two 
positions,  one  at  $1,800  and  the  other  at 
$2,000. 


The  total  amount  of  material  excavated 
by  dredges  in  January  in  the  construction 
of  the  Isthmian  Canal  was  1.108,677  cu. 
\  (Is.,  of  which  all  but  44.772  cu.  yds.  was 
I,  km  from  the  Canal  prism. 


Economic    Hints  for  Macadam  Road 
Contractors. 

The  following  hints  are  not  all  applicable 
to  any  one  job  nor  to  any  one  locality, 
but  embrace  much  of  the  contracting  experi- 
ence of  the  writer  in  building  roads  in  several 
dift'erent  states.  Even  though  an  experi- 
enced contractor  may  himself  know  liow  to 
do  work  economically,  it  is  often  difficult 
for  him  to  get  his  foreman  to  do  the  work 
as  lie  himself  would  do  it.  Hence  the  ad- 
visaliility  of  having  a  printed  set  of  hints 
or  instructions  for  foremen,  to  which  addi- 
tions can  be  made  from  time  to  time,  after 
the  method  so  well  carried  out  by  Mr. 
Frank  B.  Cilbrrtli  in  his  Iiook.  "Field  Sys- 
tem." 

Each  road  contractor  will  have  experi- 
ence of  his  own  which  can  be  condensed 
into  concise  hints  that  will  lead  to  more 
economic  road  construction  on  the  part  of 
his  foremen.  To  such  contractors  the 
writer  offers  the  following  series  of  hints 
as  a  nucleus  about  which  they  may  proup 
others. 

1.  If  possible,  secure  a  written  option 
on  a  quarry  before  you  put  in  your  bid  on 
a  road,  if  you  plan  to  do  your  own  quarry- 
ing. 

2.  In  bargaining  for  the  quarry  avoid 
signing  any  agreement  to  pay  a  quarry  roy- 
alty by  the  cubic  yard  or  wagon  load,  for 
such  agreements  often  lead  to  litigation. 

3.  Purchase  a  quarry  site  outright,  if 
you  can  buy  the  land  by  the  acre  at  farm 
land  prices.  If  this  cannot  be  done,  en- 
deavor to  pay  for  the  stone  in  a  lump  sum, 
say   $100  "for  the  right  to   quarry   enough 

stone   to   build   a    macadam    road ft. 

wide, ins.  thick  after  rolling,  and  

miles  long." 

4.  Select  a  quarry  site  where  the  earth 
stripping  is  the  least,  provided  other  things 
are  equal.  Following  this  suggestion  will 
frequently  lead  to  selecting  a  quarry  site 
in  tile  bc<i  of  a  creek  or  river  that  runs 
ncarlv  dry  in  summer.  Small  streams  can 
be  diverted  to  one  side  of  the  bed  by  build- 
ing a  small  earth  dike,  leaving  the  rock  ex- 
posed. 

5.  .V  quarry  on  a  hillside  is  preferable 
to  one  on  level  ground,  for  it  requires  no 
pumpin.g  to  keep  it  dry,  and  it  requires  no 
steep  pidl  to  haul  the  stone  aw.ay. 

6.  Picwarc  of  granite  and  gneiss  quar- 
ries, as  a  nde,  for  the  stone  is  apt  to  re- 
quire not  only  very  close  spacing  of  drill 
holes,  but  a  .great  amount  of  sledging  to 
bring  it  to  a  size  that  will  enter  the  ordi- 
nary portable  crusher.  It  is  not  unusual  to 
have  the  cost  of  quarrying  and  crushing 
granitic  rock  run  up  to  $I."iO  jx-r  cu.  yd.  of 
loose  stone,  or  more. 

7.  Tn  buying  a  quarry.  be;ir  in  mind  that 
every  additional  mile  of  haul  froiu  the 
quarry  to  the  road  will  cost  you  26  cts. 
per  cu.  yd.  of  broken  stone,  where  wages  of 
team  and  driver  are  50  cts.  an  hour  and 
where  the  average  wagon  load  is  1%  cu. 
vds. 


8.  In  figuring  liow  many  cubic  yards  of 
broken  stone  will  be  obtained  from  one 
cubic  yard  of  solid  stone,  figure  1.7  to  1% 
cu.  yds.  of  broken  stone  from  1  cu.  yd.  of 
solid  stone.  Hence,  if  you  must  pay  quarry 
rental  by  the  cubic  yard,  endeavor  to  buy 
it  by  the  cubic  yard  of  solid  stone  in  the 
quarry,  and  engage  an  engineer  to  cross- 
section  the  quarry  before  and  after. 

9.  If  you  plan  to  quarry  any  stone  dur- 
ing the  winter,  strip  all  the  earth  off  before 
freezing  weather  sets  in. 

Itl.  Quarrying  in  winter  is  expensive,  for 
the  men  cannot  work  as  well.  Moreover, 
you  will  have  the  additional  expense  of 
building  stock  piles  of  broken  stone  and  of 
subsequently  rehandling  it  in  loading 
wagons.  It  pays  better  to  buy  another 
crusher  and  rush  your  work  in  the  summer. 

11.  Never  attempt  to  quarry  and  crush 
your  stone  in  the  winter  and  stack  it  up  in 
piles  along  the  road  side.  Hauling  in  win- 
ter is  expensive.  The  piles  of  stone  along 
the  road  will  be  in  the  way  of  the  grading 
gang.  It  will  cost  fully  15  cts.  per  cubic 
\ard  to  shovel  the  piles  of  stone  into  the 
road. 

12.  Ordinarily  it  is  preferable  to  use  a 
jaw  crusher  for  a  portable  plant  and  nearly 
all  road  making  plants  must  be  portable  in 
a  country  where  rock  is  plentiful.  Use  a 
gyratory  crusher  for  large  stationary  plants, 
supplementary  by  a  jaw  crusher  or  a  small 
.gyratory  for  crushing  the  large  tailings  re- 
jected by  the  screen. 

1'?.  Crushers  arc  generally  guaranteed  to 
have  a  certain  minimum  capacity  of  broken 
stone  per  hour.  Written  guarantees  of  this 
sort  should  specify  a  run  of  not  less  than 
5  hours,  for  a  crusher  can  be  run  at  ex- 
cessively high  speed  for  a  short  time — so 
high  a  speed  that  the  bearings  would  be- 
come so  hot  as  to  set  fire  to  the  oil  if 
kept  running  nuich  longer  at  that  speed. 
The  guarantee  should  also  specify  the  size 
of  the  stone  that  is  to  be  fed  into  the 
crusher.  Obviously  very  small  chunks  can 
be  run  through  much  faster  than  those  of 
ordinary  size. 

14.  If  the  quarry  is  a  pit,  put  the  crusher 
up  out  of  the  pit,  so  that  the  wagons  haul- 
ing stone  from  it  will  travel  on  level  roads. 
Otherwise  a  snatch  team  will  be  needed  to 
get  large  wagon  loads  of  broken  stone  out 
of  the  pit. 

15.  Ordinarily  the  cheapest  wa>'  to  de- 
liver the  stone  to  a  crusher  from  the  quarry 
face  is  in  small  one-horse  dump  carts.  One 
driver  can  handle  two  or  more  of  these 
carts,  for,  while  one  cart  is  being  loaded, 
the  driver  leads  the  other  horse  and  cart  to 
the  crusher.  Such  a  cart  can  be  hauled  up 
quite  a  steep  grade  and  its  contents  dumned 
from  a  platform  into  an  inclined  chute 
feeding   into  the  crusher. 

16.  DuiTip  the  stone  into  a  chute,  as  just 
described,  in  preference  to  dumping  it  onto 
a  level  platform,  for  one  man  can  then  feed 
;i  crusher  almost  as  fast  as  two  otherwise. 

17.  Traction  engines  for  hauling  crushed 
stone   are   frequently  not   used,   simply   be- 
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cause  tlic  ouitractor  ha>  maiic  tiic  llll^l;lkc 
<il  M-ltiiiK  lip  his  i-riisher  in  the  quarry  pit 
when-  there  is  imt  riM>iii  to  turn  a  Iraclimi 
I'liKini-  anil  a  train  ot  \vnK<>n>  annind. 

\H.  The  ordinary  size  uf  portable  jaw 
crusher  has  an  opening  about  il  x  lU  ins., 
aiul  is  very  commonly  run  with  12  II. P. 
enijine  niul  JHtiler,  but  it  is  much  iK-ttor  prac- 
tice to  have  an  IS  or  ■-''»  II. I".  lH>iU-r,  for 
then  there  is  always  an  ahunilance  of  steam 
at  Kiiod  pressure. 

!'.).  It  much  cnishiiiK  is  to  lie  done, 
mount  the  eiiKine  that  drives  the  crusher 
on  a  gooil  concrete  Inundation.  There  will 
be  fewer  delays  and  fewer  boiler  troubles 
if  this  is  done  than  where  the  en);ine  is 
mounted  on  wheels  with  the  boiler.  .-V 
r<H:k  crusher  ha>  very  irresiilar  work  to 
perform.  Une  moment  it  is  working  to 
capacity :  the  next  it  may  be  empty  and 
cause  the  engine  to  start  to  race.  This 
irrcKularity  shakes  an  engine  on  wheels 
badly  and  loo.sens  the  boiler  tubes. 

211.  The  bucket  elevator  that  lifts  the 
broken  stone  to  the  rotary  screen  is  driven 
by  a  sprocket  chain.  If  this  chain  breaks 
fre(|ueiilly.  it  is  usually  liecause  it  is 
stretched  too  taut.  I'ut  in  a  few  extra  links 
so  it  will  be  quite  loose,  and  the  breaking 
will   stop. 

■_'l.  Never  use  anything  but  a  rotary 
screen  to  screen  the  stone.  To  some  it 
looks  like  economy  in  plant  to  have  a  fixed 
screen  of  parallel  l)ar>.  and  to  let  the  stom- 
fall  either  into  a  w.igon  or  on  to  the 
ground.  This  is  never  economical,  even 
where  the  specifications  permit  this  sort 
of  screening,  for  teams  will  not  always  ar- 
rive exactly  on  time,  and  then  the  crusher 
must  stop  or  the  stone  must  pile  up  on  the 
ground  to  be  afterward  shoveled  by  hand. 
It  is  not  common  to  see  such  wasteful 
methods  as  this  on  contract  work,  but  it  is 
fre<piently  seen  on  country  road  work  done 
by  county  forces. 

22.  .\lw.iys  provide  bins  for  the  broken 
stone,  either  portable  bins  on  wheels  i>r 
larger  stationary  bins  which  may  be  un- 
Udted  and  moved  in  pieces  from  one  job 
to  the  next.  It  is  desirable  to  have  a  bin 
large  enough  to  hold  -  or  3  hours'  run  of 
the  crusher.  If  the  bin  holds  1.5  cu.  yds., 
ilivide  it  into  three  stalls :  the  first  stall  to 
hold  2^  cu.  yds.  of  screenings  (dust  to  V4 
inch  size)  ;  the  second  stall  to  hold  •'<%  cu. 
yds.  (H  to  1%  inch  size);  and  the  third 
stall  to  hold  9  cu.  yds.  (1%  fo  2^4  inch 
size). 

23.  The  commonest  mistake  of  foremen 
in  linililing  a  bin  is  not  to  give  the  bottom 
a  steep  enough  pitch.  In  fact,  the  same 
mistake  is  made  by  many  mamifacliirers 
who  sell  pfirtable  bins  on  wheels.  A  bin 
with  a  bottom  that  has  a  slope  of  only  1V4 
horizontal  to  1  vertical  will  liold  more 
stone  than  one  with  a  steeper  bottom,  but 
the  stone  will  not  run  out  of  the  chute  with- 
out the  aid  of  an  extra  man  to  push  it  out. 
The  liottom  of  a  bin  should  have  a  slope 
of  not  less  than  1  to  1  and  should  be  lined 
with   sheet   iron,  not  only  to  protect    from 


wear  bin  to  make  tile  sloiic  slide  easily 
If  a  bin  has  iHittom  with  or  slope  of  much 
less  than  I  to  I,  it  will  take  the  driver  and 
an  extra  man  fully  (i  minutes  to  load  IVi 
cu.  yds.  into  the  wagon.  Whereas,  from  a 
bin  with  a  bottom  slope  of  1  to  I,  the  same 
wagon  can  be  filled  in  IH  minutes. 

.\  15  cu.  yd.  bin  that  is  bolted  together, 
can  be  taken  down,  moved  a  few  miles  and 
erected  again  for  about  ^T,').  Itut  this  usu- 
ally is  not  the  only  cost  involved  in  chang- 
ing quarries.  There  is  the  cost  of  stripping 
a  new  ipiarry  site,  of  piping  for  water,  of 
lost  time  of  steam  roller,  teams,  etc.,  while 
moving.  Still,  comparatively  frequent 
moves  are  often  justified  to  reduce  haul- 
ing costs.  In  a  macadam  ro.id  (>  ins.  thick 
(after  rolling)  and  l(i  ft.  wide,  there  are 
l."><>4  cu.  yds.  of  soliti  macidam  per  mile. 
1 1  takes  1.6  cu.  yds.  of  loose  broken  stone 
and  screenings  to  make  I  cu.  yd.  of  solid 
macadam.  Hence  there  are  2."i00  cu.  yds. 
of  loose  broken  stone  and  screenings  per 
mile  of  such  a  macadam  road.  Only  3  cts. 
per  cu.  yd.  saved  in  hauling  enough  stone 
to  build  a  mile  of  macadam  amounts  to  the 
$T-">  cost  of  moving  the  crushing  plant. 

24.  .\  cubic  yard  of  loose  broken  stoiio. 
measuretl  in  the  wagon  at  the  bin.  weighs 
about  2.400  lbs.  (or  1.2  short  tons)  if  it 
is  limestone,  sandstone,  or  granite ;  but  a 
cubic  yard  of  trap  rock  weighs  2.700  Ihs. 
(or  1.3.")  short  tons),  .\fter  traveling  a 
short  distance,  the  stone  becomes  shaken 
down  and  comp.ictcd,  so  that  it  measures 
about  10  per  cent  less  in  bulk.  Hence  1 
cu.  yd.  of  broken  stone  in  the  wagon  at  the 
bin  will  measure  only  0.9  cu.  yd.  in  the  same 
wagon  at  the  point  of  delivery  on  the  road. 
Hear  this  in  miml.  and  make  all  measure- 
ments at  the  bin.  If  you  are  calculating 
upon  covering  a  certain  amount  of  road  to 
a  given  thickness  with  loo.se  stone  with 
each  wagon  load,  you  will  put  on  too  much 
stone  if  you  measure  tin-  «ai>on  load  as 
delivered  at  the  road. 

(To  be  conlimieil.) 


The  production  of  primary  spelter  from 
domestic  and  foreign  ores  in  lOOS  in  the 
L'nitcd  States  is  estimated  at  208.000  short 
tons,  worth  at  the  average  price  $  1 0.t>.Vi.OOi p. 
as  compared  to  240.8ti0  tons  in  V.M'.  •224,7Tii 
tons  in  lOOfi.  an<l  203,849  tons  in  I90.-|. 


In  January  the  steam  shovels  at  work  on 
Isthmian  Canal  excavation  removed  1.81.">.- 
7)*4  cu.  yds.  of  material,  all  but  110.147  cu, 
yds.  of  which  was  taken  from  the  Canal 
prism.  The  high  record  for  the  month 
was  made  by  shovel  \o.  21t>  (90-ton 
shovel),  at  work  in  the  Empire  district, 
which  look  out  44.22*i  cu.  yds.,  all  but  t>4 
cu.  yds.  of  which  was  rock,  in  2">  working 
days,  an  average  of  1,7159  cu.  yds.  per  day. 
The  best  record  for  shovels  in  the  70-ton 
class  was  made  by  shovel  Xo.  112,  work- 
ing in  the  lock  site  at  Gatiin,  which  re- 
moved 3<(,12fi  cu.  yds.  in  25  d.iys.  an  n^• 
crage  of  1.44"i  cu.  yds.  per  day. 


Road     Maintenance    in   Hertfordshire 
County,  England.* 

U\    JOII.V    II.    K\.\.S.s.T 

The  County  Council  of  Hertfordshire  is 
responsible  for  the  upkeep  and  maintenaik'C 
of  nearly  every  roadway  ivithin  the  county. 
.Vs  a  consequence  we  have  two  classes  of 
roads  under  our  direct  management,  with 
\aried  conditions  of  traffic  requiring  various 
materials  and  calling  for  different  meihixis 
of  repair.  The  connty  of  Hertfordshire 
lor  administrative  purposes  is  divided  into 
eight  districts,  each  of  which  is  in  charge 
of  a  district  main  road  surveyor,  all  of 
whom  are  responsible  to  the  county  sur- 
veyor, whose  offices  are  centrally  situated 
at  Hatfield.  The  roads  in  each  district  are 
divided  into  two  classes  according  to  their 
importance,  the  main  tnink  roads  being 
"first  class"  and  the  local  district  roads 
"second  class."  These  arc  again  subdivided 
into  sections  which,  in  my  district,  run 
alphabetically  from  .\  to  P.  Rach  section 
is  in  charge  of  a  working  foreman  or  work- 
ing foremen,  according  to  mileage  and  im- 
portance. I  always  make  it  a  point  to  get. 
when  possible,  young,  intelligent  men.  and 
the  best  of  these  are  placed  upon  the  most 
important  roads.  The  men  are  paid  .ic- 
cording  to  the  .ibility  shown.  I  am  pleased 
to  say  that  in  my  district  I  have  mostly 
young  men  whom  I  have  trained,  during 
the  period  I  have  been  in  charge,  into  really 
first-rate  roadmen,  and  these  men  now 
realize  that  roa<lwork  is  really  skilled  labor. 
As  the  old  man  (who  was  originally  put  to 
work  upon  the  roads  to  keep  him  from  ap- 
plying for  parish  relief)  falls  behind,  his 
place  is  taken  by  a  younger  man.  who  will 
soon  be  a  skilled  workman,  ami  we  make 
it  worth  his  while  to  take  an  interest  in 
his  work  by  giving  him  sick  pay  for  a  cer- 
tain period  should  he  fall  ill. 

The  question  of  highway  adminstration 
is  one  of  the  most  important  subjects  the 
numicipal  engineer  has  to  face  at  the  pres- 
ent time,  and  its  serious  nature  cannot  he 
too  highly  regar<le(l.  F.vcrywherc  through- 
out the  length  and  breadth  of  the  country 
the  cost  of  the  upkeep  of  our  highways,  in 
order  to  meet  the  requirements  of  modern 
traffic,  is  increasing  to  an  alarming  degree, 
and  a  surveyor's  position  when  annual  esti- 
mates are  considered  is  far  from  being  an 
enviable  one. 

Nowadays  it  does  not  suffice  to  apply 
macadam  to  a  road  surface  regardless  of 
how  that  material  will  wear.  It  should  bo 
applied  and  consolidated  in  such  a  manner 
as  to  obtain  the  maximum  wear  and  best 
results  in  every  way.  and  I  am  strongly  of 
the  opinion  that  in  future  the  diflferent 
classes  of  traffic  which  pass  over  our  roads 
will  have  to  be  considered  more  closely.  It 
stands  to  reason  that  a  length  of  road 
which  carries  heavy  vehicles  near  a  town 
should  not  be  compared  with  another  length 
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of  road  maintained  with  the  same  material 
carrying  less  traffic,  neither  would  it  be 
reasonable  to  condemn  a  perhaps  cheaper 
stone  because  it  has  not  seemingly  worn  so 
well  as  that  on  another  length  liaving  less 
traffic. 

I  suggest  it  is  expedient  before  prepar- 
ing an  estimate  for  resurfacing  a  road, 
and  before  deciding  upon  the  quality  of  the 
material  to  be  used,  to  find  out  the  actual 
amount  and  kind  of  traffic  which  daily 
passes  over  the  surface  about  to  be  taken 
in  hand.  In  my  district  I  occasionaly  have 
the  traffic  counted.  .'Xs  a  matter  of  fact  it 
has  just  been  taken  on  the  most  important 
and  most  expensive  road — /.  c.  the  main 
trunk  line  of  road  leading  from  Watford 
to  London  through  Bushey.  The  traffic 
was  counted  at  Bushey,  near  the  village 
church,  fpr  tlie  fortnight  ending  December 
13.  1908  (Sundays  included),  and  we  have 
therefore  the  total  traffic  for  fourteen  con- 
secutive days.  A  box  or  hut  on  wheels  was 
placed  in  position  and  the  counting  done  by 
two  men.  one  commencing  at  fi  o'clock 
a.  m.,  and  the  other  (who  relieved  him)  at 
3  o'clock  p.  m.,  the  latter  remaining  at  his 
post  until  12  o'clock  midnight.  It  will  thus 
be  seen  that  the  traffic  returns  are  for 
eighteen  hours  per  day.  I  explain  this  ow- 
ing to  the  importance  of  the  matter,  since, 
with  such  a  basis  to  work  upon,  a  surveyor 
can  make  a  correct  estimate  of  the  cost  of 
maintenance  on  any  special  length  of  road. 
I  might  add  that  the  amount  of  traffic  over 
the  road  just  mentioned  has  very  nearh 
doubled  since  190-5.  Taken  in  March  of 
that  year  it  was  833  vehicles  per  day.  av- 
eraged on  a  total  of  six  days. 

The  approximate  annual  estimate  for  the 
current  year  for  the  upkeep  and  mainte- 
nance of  this  particular  road  is  £-500  a  mile, 
and  the  traffic  (including  a  service  of 
motor  omnibuses)  amounts  to  1,2.33  total 
average  traffic  per  day  for  fourteen  days 
(inclusive  of  Sundays),  It  will  therefore  be 
seen  that  by  taking  the  record  of  the  traffic 
we  are  able,  if  necessary,  to  get  the  ap- 
proximate cost  per  vehicle  per  annum 
passing  over  the  road,  and  I  consider  this 
means  of  arriving  at  the  cost  of  upkeep  to 
be  of  great  importance  and  worthy  of  more 
general  adoption.  If  at  some  future  time 
the  subject  of  taxing  motor  and  other  ve 
hicular  traffic  has  to  be  considered  this  in- 
formation would  be  of  the  greatest  use  to 
local  authorities,  and,  too,  what  better  de- 
fence can  the  municipal  engineer  have  wlicn 
heckled  upon  his  increasing  estimates  than 
the  ability  to  prove  the  ever-increasing 
traffic  along  his  roads? 

Having  ascertained  the  amount  and  na- 
ture of  traffic,  and  decided  upon  the  most 
suitable  material  to  use.  the  question  of  the 
new  road  surface  remains  to  be  decided. 

In  my  district,  and  I  believe  throughout 
the  whole  of  the  county  of  Hertfordshire,  a 
scarifier  is  unknown.  I  contend,  and  per- 
haps I  may  be  allowed  to  mention  that  I 
speak  with  an  experience  of  many  years  in 
several   counties,  that   a   scarifier   is   a  tool 


not  required  upon  the  roads  nowadays,  cer- 
tainly not  in  rural  districts,  and  certainly 
again  not  upon  80  per  cent  of  the  roads 
within  a  town  area.  I  am  firmly  of  opinion 
that  much  more  harm  than  good  is  done  by 
its  use,  and  the  sooner  it  is  discarded  the 
better  will  it  be  for  the  roads,  the  rate- 
payer and  the  reputation  of  the  engineer. 
Within  my  district,  at  Watford,  a  scarifier 
has  not  been  used  since  I  have  been  in 
charge,  and  I,  look  upon  the  roadways  here 
with  a  certain  amount  of  pride,  and  put 
them  forward  as  the  strongest  evidence  I 
can  offer  in  support  of  my  contention. 

An  ounce  of  practice  is  said  to  be  worth 
a  ton  of  theory,  and  I  am  content  in  strik- 
ing my  own  furrow  in  this  connection  by 
forsaking  the  method  of  scarifying,  as  ad- 
vocated and  strictly  adhered  to  by  the  ma- 
jority of  engineers  having  charge  of  high- 
ways. I  have  studied  and  watched  the  ef- 
fect of  these  tools  on  old  road  surfaces, 
and  I  am  convinced  that  their  use  should 
be  discontinued  if  we  are  to  build  up  strong 
and  good  road  surfaces  to  stand  the  severe 
strain  of  the  ever-increasing  modern  traffic. 
We  all  know  that  the  present  day  road  sur- 
faces will  not  withstand  for  a  great  length 
of  time  the  strain  they  are  called  upon  to 
bear,  and  it  is  time  our  highway  authori- 
ties should  be  relieved  of  tlic  expense  of 
such  a  doubtful  process. 

Before  spreading  new  material  I  con- 
sider the  best  course  to  adopt  is  to  fill  up 
all  liollows  or  imeven  parts  and  render  the 
old  surface  as  even  as  possible  by  rolling. 
The  new  material  is  then  applied  in  the 
ordinary  way.  care  being  taken  to  see  that 
every  shovelful  is  well  and  evenly  spread, 
and  thoroughly  dry-rolled  imtil  every  stone 
is  dovetailed  and  firmly  laid  before  the 
binding  material  is  applied.  Only  enough 
(and  as  little  as  possible)  of  this  material 
should  be  used  to  cement  the  new  surface. 
after  which  clean  %-in.  chippings  should  be 
spread  lightly  and  swept  about,  the  roller 
being  allowed  to  finish  the  work.  We  use 
various  kinds  of  material  for  binding  pur- 
poses, but  always  exercise  due  care  to  see 
that  it  is  clean.  I  make  it  a  rule  to  carry 
out  this  work  in  short  lengths,  doing  half 
the  roadway  at  a  time  and  leaving  the  other 
half  for  the  use  of  the  traffic.  By  reserv- 
ing half  the  roadway  in  Ibis  manner  a  far 
better  surface  is  obtained,  as  the  new  work 
is  not  interfered  with  until  it  is  well  con- 
solidated. Special  attention  is  given  to  the 
dry-rolling  before  the  binding  is  applied. 
This  is  very  important,  and  very  little 
water  is  used  at  any  time.  I  always  en- 
deavor to  repair  the  main  trunk  roads 
which  have  the  heaviest  traffic  during  the 
summer  months,  so  that  every  chance  is 
given  them  to  dry  quickly. 

Briefly,  this  is  our  system  of  new  coat- 
ing, always  tabooing  a  scarifier :  but  upon 
hills  T  find  it  necessary  slightly  to  score  the 
surface  before  spreading  the  material,  in 
order  to  prevent  slipping.  This  scoring  is 
done  diagonally  from  the  center  to  the 
sides,  in  lines  about   12  in.   to   18  in.  apart. 


Wlien  patching  becomes  necessary  it  is  car- 
ried out  in  a  similar  manner,  but  with  a 
smaller  gage  material.  As  soon  as  a  hol- 
low the  size  of  a  saucer  appears,  the  road- 
man fills  it  with  small  stone  (not  chip- 
pings), and  care  is  taken  neither  to  disturb 
nor  loosen  the  surface  previously  in  any 
way.  All  the  men  are  provided  with  light 
birch  brooms — the  use  of  a  road  rake  is 
sternly  forbidden,  since  that  to  my  mind  is 
another  tool  out  of  date — and  every  day 
until  the  patch  has  been  consolidated  the 
broom  is  lightly  used  to  keep  the  small 
stones  in  their  proper  places.  For  this 
patching  work  1%-in.  material  should  be 
used.  I  need  scarcely  add  that  the  roads 
are  carefully  exaiuined  for  the  "saucers,'' 
and  when  the  least  sign  appears  of  their 
existence,  attention  is  immediately  given  to 
them.  .\  wheelbarrow  of  this  small  stone 
goes  a  long  way,  probably  about  10  tons 
to  the  mile  being  used  for  this  purpose. 

Many  of  you  may  question  the  efficacy  of 
our  mode  of  maitenance.  To  those  I  say 
"come  and  see  the  roads."  I  believe,  and 
I  speak  from  experience,  that  we  obtain  a 
greater  amount  of  wear  out  of  our  material 
by  adopting  this  manner  of  mending,  and  I 
know  that  we  get  a  better  and  clearer  sur- 
face— a  fact  much  appreciated  by  the  public. 
My  remarks  apply  to  all  kinds  of  materials, 
the  better  class  being  used,  of  course,  upon 
the  roads  carrying  the  heavier  traffic,  and 
the  results  are  invariably  the  same. 

I  have  mentioned  that  very  little  water  is 
used  when  consolidating  new  surfaces,  and 
to  my  fnind  far  too  much  is  used  by  the 
latter-day  macadam,  accounting  to  a  great 
extent  for  the  mud  to  be  found  upon  too 
many  roads.  If  you  liave  mud  in  the  win- 
ter, ipso  facto  you  must  have  dust  during 
the  summer.  Save  your  road  as  much  as 
possible  from  an  e.xcess  of  moisture  when 
being  solidified,  and  it  will  be  found  that 
the  dust  nuisance  has  been  to  a  great  ex- 
tent overcome. 

We  nnist  all  be  interested  in  the  cure  and 
prevention  of  dust  upon  our  highways,  and 
I  am  far  from  believing  that  tar,  or,  in 
fact,  any  material  in  which  tar  forms  the 
chief  ingredient,  is  the  last  word  with  re- 
gard to  this  problem.  Dust  upon  our  high- 
ways can  never  be  absolutely  abolished ;  but 
we  can,  and  must,  find  the  means  to  re- 
duce it  to  a  minimum.  Tar  has  not  as  yet 
had  a  fair  chance  of  showing  its  benefits 
in  this  direction.  In  almost  every  county 
in  England  and  Wales  it  has  been  tried 
during  the  past  two  years,  but  I  venture 
to  think  with  but  indifferent  success.  When 
tarring  is  carried  out  I  suggest  it  is  a  mis- 
take immediately  to  cover  it  with  sand  or 
hoggin.  These  materials  are  too  fine  and 
too  absorbent  to  answer  satisfactorily. 
Nothing  but  small,  clean,  dry  chippings 
should  he  used  if  one's  efforts  are  to  be  at- 
tended by  success.  Not  until  tar  is  stand- 
ardized, as  suggested  by  Mr.  Brown,  of 
.Nottingham,  can  it  be  relied  upon  for  that 
work,  differing  so  greatly  as  it  does  in 
cverv  district. 
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Tar  which  has  been  high!)'  ihstillcd  is 
iiiiiintablc  for  puiiiliiiK  surfaces,  as  in  the 
course  of  distillation  many  of  its  oils  and 
other  valuable  properties  arc  extracted,  but 
all  tar  should  must  certainly  be  dehydrated 
before  use  As  the  tars  obtained  from  dil- 
Icrenl  (-asuorks  differ,  so  also  do  they  dif- 
fer in  the  amount  of  animoniated  gas  water 
they  contain,  and  in  many  cases  as  nmch 
as  30  to  4u  per  cent  of  water  is  mixed  with 
this  doubtful  fluid.  I  have  foun<l  newly- 
made-up  roadways  nnsuited  for  tarring,  and 
1  am  convinced  that  a  road  should  be  made 
up  at  least  six  to  nine  months  before  being 
painted,  if  the  work  is  to  answer  satisfac- 
torily. The  pressure  by  which  the  tar  is 
applied  by  some  machines  I  believe  to  be 
tiM)  great.  A  pressure  of  200  lbs.  appears 
to  me  ridiculous  and  a  useless  strain  upon 
the  machine.  One  of  between  50  lbs.  and  <!<• 
lbs.  is  ample,  and  if  the  machines  arc  in- 
capable of  delivering  the  quantity  required 
with  this  pressure,  then  others  must  be 
Iniilt  with  pumps  of  the  required  capacity. 
The  machines  will  then  last  longer  and  do 
their  work  better,  and  they  will  not  be  so 
liable  to  get  out  of  order  and  to  hinder  the 


this  part  of  Hertfordshire  as  yet,  and  su 
far  1  am  not  favorably  impressed  with  the 
idea  of  tar  being  used  in  the  binding  of 
metal  when  surfacing  a  roadway.  The  nui- 
sance arising  from  dust  upon  our  highways 
will,  it  is  scarcely  necessary  to  add,  never 
be  entirely  abated.  All  we  can  hope  to  do 
is  to  reduce  this  menace  to  public  health 
to  a  minimum.  No  matter  how  skillfully 
iiur  road  surfaces  are  treated,  there  will  al- 
ways remain  the  dust  which  is  in  suspen- 
sion in  the  atmosphere,  which  is  on  trees 
and  hedges,  and  which  blows  from  arljoin- 
ing  lands  to  annoy  and  menace  users  of  the 
highway. 


A  Train  of   Dump  Wagons  That  Can 
Be  Pulled  in  Either  Direction, 
Thus  Not  Requiring  Turn- 
ing   Around. 
Wagons    hauled    in    trains   by   a   traction 
engine  present  no  great  novelty,  altogether 
it  is  astonishing  how  seldom  this  economic 
method    of    transportation    is    used.      But 
there   is   a   feature   of  decided    novelty   in 
the  train  of  wagons  shown  in  the  accom- 


teams,  the  cost  of  hauling  stone  fOr  a  ma- 
cadam road  is  rarely  less  than  2oVo  of  the 
tutal  cost  of  each  cubic  yard  of  macadam 
measured  in  place,  the  haul  being  only  IM 
miles.  In  fact,  due  to  the  present  high 
charge' for  teams  the  cost  is  usually  very 
uuich  more. 

The  manufacturers  of  this  wagon  make 
the  very  modest  claim  that  it  will  save  at 
least  30  to  50%  of  the  cost  of  haulinir  We 
know  of  no  instance  where  '.  .■  by 

traction  hauling  has  not  been  iter 

than  this  claim,  but.  assuming  a  savmg  of 
only  40%  of  the  cost  of  hauling  by  the  use 
of  a  train  of  dump  wagons  and  a  traction 
engine,  we  have  40%  of  25%,  or  10%  saved 
"11  the  total  cost  of  the  macadam.  This  in 
itself  is  a  nice  profit  on  the  whole  job, 
although  it  is  really  but  the  profit  obtained 
by  applying  up-to-date  methods  to  one  sin- 
gle item. 

This  new  type  of  reversible  dump  wagon 
is  made  by  the  Troy  Wagon  Works  Co.,  of 
Troy,  Ohio. 


Calcutta,    India,    has    awarded    the    con- 
tract  to  an    Rnglish   firm   for  a  large  ele- 


A    Train    of    Reversible    Dump    Wagons    Hauled   by  a   Traction    Engine. 


roadmen  while  the  work  is  in  hand.  Too 
much  attention  is  also  given  to  the  temper- 
ature at  which  the  tar  is  applied.  If  the  tar 
has  been  dehydrated  in  the  first  instance, 
only  such  a  temperature  will  be  required 
as  will  render  it  sufficiently  fluid  for  work- 
ing, say  l,Vt  degs.  to  160  degs.  Fahr. ;  but 
actually  to  boil  the  tar  before  use  is  a  mis- 
take, as  it  is  apt  to  dry  too  hard  and  too 
■luickly  before  the  chippings  have  had  an 
opportunity  of  becoming  impregnated. 
There  is  no  doubt  that  footpaths  are  greatly 
improved  by  being  painted  with  tar.  .\ 
small  machine,  having  a  capacity  of  about 
20  gallons,  so  simple  in  character  and  de- 
sign as  to  enable  an  ordinary  roadman  to 
use  it  seems  to  be  badly  needed.  Such  a 
machine,  constructed  to  throw  or  splash  the 
tar  upon  the  path,  would  answer  better  than 
one  designed  to  spray  it.  as  it  vi'ill  be  more 
easily  worked.  I  hope  to  see  the  gravel  or 
hoggin  footpaths  along  our  country  roads 
tarred  by  such  a  machine  in  the  near  fu- 
ture.    We  have  used  no  tarred  macadam  in 


pauying  picture.  These  wagons  can  be 
pulled  backward  as  readily  as  they  can 
be  pulled  forward  thus  making  it  unneces- 
sary to  turn  the  train  of  wagons  around  to 
make  the  return  trip.  This  is  especially 
advantageous  in  road  building,  where  space 
in  which  to  turn  a  train  of  wagons  is  fre- 
quently not  available.  In  such  cases  the 
traction  engine  is  unhooked  from  one  end 
of  the  train,  turned  around  and  hooked  on 
to  the  other  end  of  the  train  of  wagons. 
During  the  lime  the  traction  engine  is  being 
turned,  all  the  wagons  can  be  dumped  by 
one  man,  who  can  make  the  wagons  en- 
tirely rc.idy  for  the  return  trip 

.■\  train  of  these  wagons  will  luri\  a  sharp 
corner  and  follow  the  traction  engine 
wherever  it  may  go. 

The  photogmph  shows  fi  wagons,  each 
holding  more  than  3  cu.  yds.  of  broken 
stone. 

Not  many  road  builders  realize  the  sav- 
ing that  can  be  effected  by  the  use  of  a 
traction    engine    in    hauling   stone.      Using 


vated  water  tank  for  the  continual  supply 
of  filtered  water.  The  tank  is  to  be  to  ft. 
deep  by  321  ft.  square,  supported  on  steel 
columns  lOt)  ft.  above  the  ground  level. 
The  tank  is  to  have  four  compartments, 
which  can  lie  used  independently  of  each 
other,  and  will  store  for  use  P.tMVl,0<X>  gal- 
lons of  water.  The  amount  of  fdtered 
water  consumed  per  head  daily  in  Calcutta 
is  estimated  at  7..5  gallons  during  the  night 
hours  and  7.5  gallons  during  the  day.  The 
contract  was  let  to  Clayton  &  Son  Co., 
London,  England,  at  $45(!,<56fl. 


The  Buenos  Aires  (Argentina)  street 
cars  in  1007  carried  22o.040.7-lfl  passengers, 
the  receipts  being  about  $10,000,000  gold. 
Only  7,338..')<53  of  the  passengers  were  car- 
rie<l  in  horse  cars. 


The    total    number   of   persons   at    work 
on  the  Isthmian  Canal  on  Jan.  27  was  24,- 

878. 
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Railway  Section 


Note:  This  section  is  devoted  to  methods  and  costs  of  constructing  rail- 
ways. It  will  cover  road=bed  and  track  construction,  contractor's  plant  and 
organization,  surveying  methods  and  permanent  way  structures. 


An  Analysis  of  the    Appraisal   of  the 
Railways  of  Minnesota  with  Com- 
ments on  the  Same. 

VVc  had  hoped  to  be  able  to  present  in 
this  issue  of  Exgineering-Contractinc 
abstracts  of  the  reports  of  the  chief  engi- 
neers of  two  railway  commissions,  namely 
the  report  of  Mr.  Dwight  C.  Morgan  to 
the  Railroad  and  Warehouse  Commission 
of  Minnesota  and  the  report  of  Mr.  Hal- 
bert  P.  Gillette  to  the  Railroad  Commis- 
sion of  Washington.  Mr.  Morgan's  report 
was  submitted  Xov.  30,  1008,  and  has  just 
been  published.  Mr.  Gillette's  report  was 
submitted  a  year  ago  but  its  publication 
has  been  delayed. 

The  two  reports  present  many  interest- 
ing contrasts  in  methods  used  in  attacking 
the  same  problem,  and,  for  that  reason  as 
well  as  because  they  are  the  first  appraisals 
ever  made  for  railroad  commissions  as  a 
basis  for  railroad  rate  making,  it  was  de- 
sirable to  present  them  simultaneously. 
However,  there  are  so  many  of  our  readers 
who  will  be  interested  in  the  methods  and 
data  given  in  Mr.  Morgan's  report  that  we 
present  a  summary  in  this  issue,  as  follows, 
condensing  the  explanations  of  methods 
into  our  own  language. 

Mr.  Morgan  began  the  appraisal  of  the 
Minnesota  railways  Jan.  15,  1906,  and  ren- 
dered his  report  Dec.  1,  1908,  the  work 
having  occupied  almost  three  years,  during 
which  time  7,596  miles  of  railways  were 
appraised.  The  method  of  making  the  ap- 
praisal was  essentially  the  same  as  that 
used  by  Mr.  William  D.  Taylor,  engineer 
of  the  Wisconsin  Tax  Commission,  who 
made  an  appraisal  of  Wisconsin  railways 
for  taxation  purposes. 

This  method  is  what  might  be  called  the 
co-operative  method  of  appraisal,  because 
the  railway  companies  are  asked  to  co- 
operate with  the  railway  commission,  and 
indeed,  are  required  to  submit  their  own 
detailed  estimate  of  costs  to  the  commis- 
sion. The  theory  is  that  the  commission 
is  thus  saved  much  unnecessary  labor,  and 
has  merely  to  check  over  the  estimates  of 
the  railways.  In  practice,  however,  it  is 
nnr  opinion  that  the  engineers  of  the  rail- 
way commission  must  either  accept  the  re- 
turns of  the  railways  without  question  or 
else  spend  almost  as  much  time  and  labor 
in  checking  the  estimate  as  was  originally 
made  by  the   railways  in   preparing  it. 

Blank  forms  were  furnished  to  all  the 
railways,  upon  which  they  were  required 
to  enter  their  detailed  estimates.  Two  esti- 
mates were  required,  one  giving  the  "cost 
of  reproducing  the  property  new.  The 
other  giving  the    "present     value     of     the 


physical  properties."  The  "cost  of  repro- 
duction" means  the  cost  of  reproducing  the 
property  itcw.  The  "preseiTt  value"  is  the 
depreciated  or  second-hand  value,  ascer- 
tained by  deducting  depreciation  from  the 
"cost  of  reproduction." 

The  unit  prices  used  by  Mr.  Morgan 
were  the  average  prices  for  tlie  year  IflOo. 
which,  he  states,  were  about  an  average  of 
the  prices  for  the  five-year  period  ending 
June  30.   IPOT. 

In  estimating  tlie  various  railway  lines, 
sections  of  about  100  miles  were  taken, 
1)nt  the  "terminal  properties"  in  St.  Paul. 
Minneapohs  and  Duluth  were  treated  as 
separate  sections. 

In  valuing  the  lands.  Mr.  Morgan  did 
not  wait  for  a  report  from  the  railways, 
but  started  an  independent  investigation 
.It  once.  Special  agents  were  appointed  to 
ascertain  the  value  of  lands  adjacent  to  all 
railway  lines.  These  agents  examined  and 
noted  more  than  55,000  bona-fide  sales  of 
property,  involving  considerations  of  $100,- 
1*00.000,  and  representing  1.300.000  acres  of 
land.  To  do  so  they  examined  the  records 
of  the  transfer  of  property  for  several 
years  prior  to  Jan.  1.  1900,  for  a  distance 
of  1%  miles  on  each  side  of  each  railway 
line,  using  the  official  county  records  for 
information. 

The  figures  thus  ascertained  were  platted 
on  maps,  which  facilitated  arriving  at  val- 
ues per  acre  in  any  given  section.  This,  in 
our  judgment,  was  an  excellent  procedure, 
but  it  has  a  serious  defect.  Xo  such  rec- 
ords can  be  introduced  in  court,  for  the 
reason  that  records  of  property  transfers 
are  often  falsified  as  to  values  by  the  par- 
ties engaged  in  the  transfer.  However, 
such  data  form  an  excellent  guide  to  the 
judgment  of  the  experts  engaged  in  deter- 
mining land  values,  particularly  where  the 
opinions  of  people  differ  widely  as  to  such 
values. 

Having  ascertained  the  value  of  lands 
adjacent  to  the  railways,  the  next  step  is 
to  multiply  these  values  by  some  factor  to 
arrive  at  the  value  of  land  for  "railwax' 
purposes."  Mr.  Morgan  says,  in  his  report ; 

"The  purchase  of  lands  for  a  railroad 
right-of-way  requires  the  consideration  of 
two  elements:  First,  the  fair  value  of  the 
land  taken,  and,  second,  the  damage  to  the 
residue  in  consequence  of  a  part  of  the 
tract  having  been  taken  for  railroad  pur- 
poses. The  element  of  damage  is  dependent 
upon  a  variety  of  conditions,  several  of 
which  may  be  mentioned  as,  the  location 
and  direction  of  the  proposed  railroad  witli 
respect  to  the  boundaries  of  the  property ; 
the  inconveniences  and  dangers  likely  to  be 
suffered  and   attributable  to   the   construc- 


tion and  operation  of  the  line,  such  as  the 
separation  of  the  owner's  house  from  his 
barn,  or  of  his  barn  from  his  well.  The 
influence  of  public  opinion  for  or  against 
the  construction  of  a  line  of  railway  is  a 
tnost  potent  factor  in  respect  of  cost 
[If  one  railway  already  exists,  a  projected 
second  railway  nearby  will  have  to  pay 
much  higher  prices  for  land,  due  to  the 
fact  that  land  owners  do  not  feel  the  ne- 
cessity of  a  second  road  and  will  "hold  up" 
the  new  railway  for  the  highest  possible 
prices.^Editor.]  In  varying  degrees,  these 
and  other  considerations  make  the  lands 
purchased  for  a  railway  right-of-way  usu- 
ally more  costly  than  the  true  or  normal 
value  of  lands  for  other  purposes." 

Mr.  Morgan  goes  on  to  say  that  his 
agents  had  examined  the  bona-fide  sales  of 
lands  to  railway  companies,  covering  the 
more  recently  constructed  lines,  involving 
7,000  acres  and  an  expenditure  of  $4,200,- 
000  in  acquiring  them  in  various  parts  of 
the  state.  As  a  result  of  this  investiga- 
tion and  of  a  study  of  the  whole  subject, 
the  conclusion  was  reached  that  a  multiple 
of  3  should  be  used  in  converting  the  nor- 
mal value  of  right-of-way  lands  to  the 
"value  for  railway  purposes."  This  mul- 
tiple of  3  was  not  applicable  to  lands  in 
the  large  terminals.  St.  Paid.  Minneapolis 
and  Duluth. 

Mr.  Morgan  calls  attention  to  ;ni  illumin- 
ating instance  of  the  high  cost  of  land  ac- 
quired by  condemnation  as  compared  with 
the  cost  of  land  purchased  by  agreement. 
On  the  lUinois  Central,  in  the  counties  of 
Mower  and  Freeborn,  about  35  per  cent  of 
the  right-of-way  was  secured  by  condem- 
nation proceedings  and  the  company  paid 
4%  times  the  normal  \  alue  of  the  land. 
The  remaining  05  per  cent  purchased  by 
agreement  cost  only  1.7  times  the  normal 
\alue  of  the  land. 

The  multiples  used  in  arriving  at  the 
values  of  terminal  property  for  railway- 
purposes  were  as  follows:  For  St'  Paul. 
1.75;  for  Minneapolis,  1.60:  tor  Duluth, 
1.25.  In  other  words,  the  normal  value  of 
the  bare  land  (not  including  buildings)  in 
St.  Paul  was  multiplied  by  1.75  to  obtain 
the  "value  for  railway  purposes."  These 
multiples  were  arrived  at  as  follows :  The 
sessed  at  about  60  per  cent  of  its  selling 
railway  terminals  were  ascertained.  In- 
vestigations made  (in  1906)  by  a  special 
t.'ix  committee  of  the  city  council  of  St. 
Paul  had  shown  that  property  was  as- 
sessed at  about  60  per  cent  of  its  selling 
price.  Hence  the  assessed  value  of  proper- 
ty adjacent  to  the  terminals  in  St.  Paul 
was  divided  by  0.6  (or  multiplied  by  1.66) 
to  arrive  at  its  normal  value.  This  normal 
value  was  then  multiplied  by  1.75  to  arrive 
.it  its  "value  for  railway  purposes." 

The  multiples  of  1.75  for  St.  Paul.  1.60 
for  Minneapolis  and  1.25  for  Duluth  were 
lia.sed  upon  the  purchases  of  real  estate  by 
railways  in  those  cities  during  the  preced- 
ing six  years.  During  that  period  more 
than  320  acres  of  property  had  been  pur- 
chased   by    railways    for    about    $3,000,000. 
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CoiiipariMK  the  prices  tliiK  paiJ  by  railways 
with  the  prices  paid  by  other  corpora- 
tions and  individuals  diiriiif;  the  same 
period,  the  midtiples  above  Kivcn,  were 
arrived  at.  Fortunately  t«o  railway 
roinpaiiics  had  purchased  land  lor  ter- 
minals in  Si  Paul  and  one  in  Duluth  dur- 
MiK  ihi->  si.\-year  perio<l,  so  thai  >uflricicnt 
data  were  available  to  enable  Mr.  MorKan 
to  arrive  at  a  (air  ilocision  as  to  the  mul- 
tiples to  lie  used. 

\n  inspection  of  the  physical  property  of 
the  railway  was  made,  practically  all  this 
inspection  bciuK  done  in  a  manner  that 
will  Ik-  rrfjarded  as  rather  superficial  b> 
many  of  our  readers.  Miich  railway  com- 
pany provided  a  special  train  which  carried 
the  inspectors.  "The  train  was  moved  at  a 
low  rate  of  speed  so  that  observation  could 
be  hail  of  the  character  and  standarils  of 
construction  and  maintenance.  Stops  were 
made  every  mile  in  places,  but  usually  ev- 
ery two  miles,  and  sometimes  every  five 
nules.  to  enable  measurements  of  the  road- 
beil  and  ballast,  to  observe  the  brand, 
weight  and  age  of  the  rails  and  fastenings, 
to  ascertain  the  average  number  of  ties 
per  mile  by  test  measurements  ami  coiuits: 
ill  fact,  to  make  complete  record  of  all  the 
physical  elements  at  these  given  points. 
.Additional  stops  were  fre(|uently  made  at 
bridges  anil  culverts  for  the  purpose  of 
measurement  and  inspection,  and  at  all  sta- 
tions measurements  of  buildings  were 
made,  the  inventories  checked  and  notes 
made   of   any   important   changes. 

"The  iletaileil  rii)orts  of  tin-  railw.\v 
cuinpanies  having  been  compiled  on  the 
foniis  prepared  for  that  purpose,  were  in 
such  systematic  order  by  subjects  as  ena- 
bled the  ready  checking  of  the  various 
items  enumerated.  The  profiles  were  con- 
tinually made  use  of  to  determine  their 
accuracy.  *  •  *  .Also  as  to  whether 
sand,  gravel,  loose  or  solid  rock  cuttings, 
which  would  later  serve  as  a  guide  in  the 
classillcation  of  material  in  making  the 
compilations  and  estimates  of  quantilies  in 
the  office." 

That  this  inspection  was  cursory  is 
shown  from  the  fact  that  aliout  100  miles 
of  line  were  inspected  each  day  of  10 
hours  from  each  train. 

N'li  inspection  of  rolling  slock  was  made. 
a«  in  ihe  Wisconsin  appraisal  aliove  re- 
ferred to;  but  the  "cquipmeni  reports  were 
checked  by  the  serial  numliers  of  locomo- 
tives and   cars." 

The  inspection  was  begun  early  in  May, 
l!*oT.  and  continued  almost  without  inter- 
riiptirm  until  the  middle  of  Deccml)er,  100". 
completing  this  feature  of  the  work,  "ex- 
cept the  range  roads,  which  were  exam- 
ined in  the  early  part  of  1008." 

The  unit  prices  assinned  for  estimating 
costs  "are  the  results  of  much  research." 
The  unit  prices  submitted  by  the  rail- 
ways in  their  reports  differed  widely, 
and  often  in  a  manner  not  sus- 
ceptible of  explanation.  For  example, 
the  price  of  steel  rails  varied  from 
$-Ji>    to    $.Tl..-iO    ptr    ton  f.   o    b.   St.  Paul; 


briilge  steel  of  the  same  class  ranged  from 
2%  to  4V4  cents  per  pound ;  locomotives 
of  the  same  type  and  weight  varied  from 
(i14  to  12%  cents  per  pound ;  engineering, 
superinlendancc  and  legal  expense,  \k- 
iwevn  IV4  and  I'l  per  cent:  interest  during 
construction,  1  lo  12  per  cent;  contingen- 
cies, ."(  lo   "lO  per  cent. 

Mr.  -Morg.m  selected  unit  prices  to  tit 
the  local  conditions  and  did  not  assume  in- 
variable unit  prices  for  all  roads,  as  was 
done   in  the   Wisconsin   appraisal. 

".Xdaptalion  and  solidification  of  road- 
bed." or  "seasoning  of  the  roadbed."  was 
regarded  by  Mr.  Morgan  "as  a  labor  ac- 
count covering  a  period  of  years,"  and 
treated  as  a  separate  item  of  cost,  although 
it  never  appears  in  the  records  of  any  rail- 
road company  as  a  part  of  the  cost  of  con- 
struction. According  to  the  allowance 
made  by  Mr.  Morgan,  this  item  of  "adap- 
tation and  solidification  of  roadbed" 
amounted  to  $11,743,000  for  the  7.5%  miles 
■  •I  railways  in  Minnesota,  or  $l.o-15  per 
mile,  or  nearly  3%  of  the  grand  total  cost 
of  construction   and  equipment. 

There  is  no  doubt  that  the  roadbed  of  a 
newly  built  railway  requires  more  labor 
10  maintain  and  that  the  cost  of  running 
trains  of  the  roadbed  is  more  expensive 
than  after  the  embankments  have  settled 
and  land  slides  and  slips  have  become  less 
frequent ".  but  no  two  engineers  will  agree 
as  to  what  allowance,  if  any,  should  be 
made  for  the  cost  of  "seasoning."  The  fact 
is  that  much  of  this  "seasoning"  is  due  the 
action  of  rain,  and  costs  nothing.  Prac- 
tically all  the  rest  of  it  is  done  by  the 
trackmen  who  are  maintaining  the  track, 
as  a  part  of  operating  expenses.  The  7.600 
miles  of  railways  in  Minncsol.i  averaged 
23.140  cu.  yds.  of  earth,  loose  rock  and 
solid  rock.  Hence,  according  to  Mr.  Mor- 
gan's estimate  of  $1,">45  per  mile  for  "sea- 
soning," it  would  have  cost  nearly  7  cts. 
l>er  cu.  yd.  for  "seasoning"  atone.  Since 
earth  can  be  spread  and  rolled  for  only 
a  fraction  of  this  7  cts  per  cu.  yd.,  it  is 
evident  that  most  of  this  $l..'i4.5  item  of 
"seasoning"  must  be  due  lo  some  other 
class  of  work  than  .grading.  In  giving  his 
reasons  for  his  seemingly  large  allowance 
for  "adaptation  and  solidification  of  road- 
bed." Mr.  Morgan  says: 

"The  newly  made  excavations  wash  and 
slip,  the  ditches  fill  from  the  action  of  the 
elements,  the  emliankments  settle  and  the 
track  superstructure  is  in  almost  constant 
need  of  ,-ittention;  resurfacing,  lining  and 
dressing  of  ballasted  and  unballasted  track 
is  necessary,  waterways  become  clogge<l  up, 
bridges  settle  or  go  out  of  line,  station 
grounds  are  to  be  improved  and  finished, 
scattered  an<l  unuseil  nuiterial  nuist  be 
picked  up  and  stored;  in  fact,  all  the  loose 
ends  which  are  the  innnediate  se<|uence  of 
con.strnction  must  be  gathered  in  and  the 
property  brought  to  an  orderly  condition." 
While  engineers  will  never  agree  as  to 
the  exact  amount  that  shoulil  be  allowed 
for  "seasoning"  of  roadbed,  still  the  major- 
ity  would  probably   favor  some   allowance 


ni   e.-limating   the   cost   of    rqiroduction   of 
an  existing  railway. 

On  the  other  hand,  there  will  not  be  so 
many  engineers  who  will  favor  any  allow- 
ance for  "contingencies"  in  estimating  the 
cost  of  an  existing  railroad  line.  Mr.  Mor- 
gan favors  a  small  allowance  for  contin- 
gencies, and,  as  will  Ih:  seen  below,  se- 
lected "j'e  as  a  fair  estimate  for  this  item, 
instead  of  the  customary  lO^t  used  on 
estimates  of  projected  lines.    He  says: 

"Considering  the  detail  with  which  the 
estimates  have  been  prepared  and  the  in- 
clusion in  them  of  many  items  of  a  con- 
tingent nature,  it  does  not  appear  justifia- 
ble to  consider  an  estimate  of  the  cost  of 
reproducing  a  railway  as  synonymous  with 
an  estimate  for  constructing  a  projected 
line.  The  essential  difference  rests  in  the 
fact  that  in  reproduction  cost  the  estimate 
is  prepared  in  the  light  of  known  condi- 
lioiis.  whereas  for  a  projected  line  the  con- 
tingencies are  wholly  imknown.  These 
facts  have  been  instrumental  in  reaching 
;i  determination  that  ."1%  for  comingencies 
is  fair  under  the  circumstances  attaching 
to  the  work  of  this  appraisal." 

In  estimating  the  item  of  "interest  dur- 
ing construction."  Mr.  Morgan  assumed  a 
rate  of  interest  of  4%  per  annum  on  the 
money  tied  up  during  construction.  "This 
rate  of  interest  was  applied  to  the  total 
estimated  cost  of  reproduction,  assuming 
that  the  necessary  funds  would  be  fully 
employed  one-half  of  the  estimated  time 
required  to  build  the  respective  lines,  which 
according  to  their  mileage  varied  from  I 
to  8  years."  It  will  be  seen  from  the  data 
given  below  that  this  interest  item  amount- 
ed to  about  S.8%  of  the  total  cost  of  re- 
production as  estiinate<l  for  all  the  rail- 
ways of  the  state. 

The  "present  value"  of  each  item  was 
arrived  at  by  deducting  an  estimated  per- 
cent.lge  of  depreciation  from  the  estimated 
"cost  of  reproduction."  This  estimated 
percentage  of  depreciation  was  furnished 
by  hardly  any  of  the  railw.iy  companies, 
for  they  held  that  no  real  depreciation  had 
occurred,  and  that  a  road  is  more  valuable 
as  a  working  tool  years  after  its  construc- 
tion than  when  new.  Mr.  Morgan  ma<le  his 
own  estimates  of  depreciation,  based  upon 
the  inspection  above  referred  to,  and  thus 
arrived  at  the  "present  value"  given  below. 
It  will  be  noted  that  the  total  "present 
value"  is  alxnit  VVc  less  than  the  "cost  of 
reproduction." 

Mr.  Morgan  did  not  secure  the  original 
cost  of  construction  and  betterments,  and 
he  states  that  such  data  were  so  incom- 
plete as  to  render  the  task  hopeless.  He 
says  that  "for  the  older  and  more  import- 
ant railways,  representing  the  greater  part 
of  the  mileage  of  the  state,  the  data  for 
some  of  them  is  not  available  at  all,  and 
for  others  it  is  so  incomplete  as  to  render 
its  development  for  practical  use  an  impos- 
sibility." 

We  believe  that  Mr.  Morgan  is  wrong  in 
this  conclusion,  for  in  making  the  apprais- 
al   of    the    railwa\s    of    Washington    these 
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same  arguments  were  used  by  the  railways, 
and  it  was  only  after  a  bitter  struggle  in 
some  cases  that  access  to  all  their  records 
was  secured,  which  developed  that  prac- 
tically all  the  costs  of  construction  and 
betterments  could  be  found,  even  for  the 
lines  built  forty  years  ago.  Among  these 
Washington  lines  was  the  Great  Northern, 
which  has  nearly  307c  of  the  mileage  in 
Minnesota.  Its  original  records  of  cost  (in 
the  St.  Paul  office)  are  exceptionally  well 
kept  and  complete,  as  well  as  its  records 
of  betterment  costs.  If  only  used  as  a 
guide  in  estimating  the  cost  of  reproduc- 
tion, these  original  records  (both  in  the  ac- 
counting department  and  in  the  engineer- 
ing department  are  practically  invaluable 
Furthermore  they  are  of  great  value  in 
cases  of  litigation  between  tlie  railway 
commission  and  the  railway  company 
where  the  accuracy  of  estimates  of  cost  of 
reproduction  are  brought  into  question. 

.■\nother  point  of  great  importance  is 
the  percentages  allowed  for  contingencies, 
for  interest  during  construction  and  for  en- 
gineering. Mr.  Morgan  has  allowed  0% 
for  contingencies,  nearly  9%  for  interest 
during  construction,  and  4%%  for  en- 
gineering, superintendance  and  legal  ex- 
pense. Each  of  these  percentages  alone 
sounds  small,  but  they  aggregate  more 
than  $61,000,000  in  Mr.  Morgan's  estimate. 
So  enormous  is  this  sum  that  the  correct- 
ness of  these  percentage  allowances  be- 
comes a  very  important  matter  to  the  rail- 
way companies  and  to  the  state.  We 
know  of  no  satisfactory  way  of  determin- 
ing the  correctness  of  these  percentages 
except  by  ascertaining  from  the  account- 
ing records  of  the  railways  what  their  ex- 
penditures for  such  items  actually  have 
been.  .\  thorough  analysis  of  the  account- 
ing records  would  probably  eliminate  all 
of  the  item  of  "contingencies,"  amounting 
to  $17,869,000  in  the  estimate  for  Minne- 
sota, for  any  allowance  for  "contingencies" 
is  always  a  confession  of  ignorance  as  to 
what  the  exact  e.xpenditure  will  be  or  has 
been.  On  the  other  hand,  an  analysis  of 
accounting  records  might  disclose  that  the 
percentages  allowed  for  interest  during 
construction  and  for  engineering  are  too 
low,  as  claimed  by  many  of  the  railways. 
We  do  not  say  that  such  would  be  the  re- 
sult, but  so  long  as  the  claim  is  made  and 
so  long  as  such  enormous  sums  of  money 
are  at  stake,  an  analysis  of  the  accounting 
records  of  every  railroad  should  be  made, 
even  though  the  records  may  be  incom- 
plete for  some  of  the  older  lines.  It  does 
not  cost  more  than  $6  or  $7  per  mile  of 
road  to  make  such  an  investigation  and 
analysis  of  costs  of  original  construction 
and  betterments.  Mr.  Morgan  informs  us 
that  his  appraisal  cost  the  state  of  Minne- 
sota $8..50  per  mile  of  main  track,  but  of 
course,  this  does  not  include  what  it  cost 
the  railways  to  make  the  estimates  which 
Mr.  Morgan's  forces  checked,  nor,  as  we 
liave  stated,  did  Mr.  Morgan  make  an  in- 
vestigation and  analysis  of  thr  oritfinal  cost 


and  betterments.  The  state  of  Minnesota 
has  secured  an  exceedingly  valuable  esti- 
mate at  a  very  low  cost,  but  we  can  not 
urge  too  strongly  the  desirability  of  a  thor- 
ough investigation  of  the  accounting  rec- 
ords of  the  railways  and  the  subsequent 
use  of  accounting  records  in  keeping  cost 
estimates  up  to  date. 

We  pass  now  to  a  summary  of  the  data 
collected  by  Mr.  Morgan : 

Mileage  in    Minnesota. 
(June  30,  1907) 

Miles. 

Roadway,  or   1st   main  track 7,596 

Other    main    tracks, 428 

Side  tracks 2,414 

All   tracks,   total 10.438 

From  this  it  will  be  seen  that  there  are 
1..38  miles  of  tracks  to  each  mile  of  road- 
way. Hence,  the  subsequent  items  of  cost 
per  mile  of  roadway  must  be  divided  by 
1.38  to  get  the  cost  per  mile  of  track. 


By  dividing  each  of  the  above  items  of 
cost  of  reproduction  by  7,596,  we  have  cal- 
culated the  itemized  cost  of  reproduction 
per  mile  of  railway,  tabulated  below.  To 
convert  any  of  these  items  into  cost  per 
mile  of  track,  divide  it  by  1..38,  as  above 
explained : 

Cost  of  Reproduction  per  Mile  of  Roadway. 
(7,596  miles.) 

1.  Land    for    right    of    way,    yards 

and  terminals   $  9,637 

2.  Grading,  clearing  and  grubbing..     7,.373 

3.  Protection   work,   riprap,    retain- 

ing walls   ■  • 318 

4.  Tunnels     33 

5.  Cross  ties  and  switch  ties 2,302 

6.  Ballast 1.240 

4.345 

782 

183 
703 


7.  Rails    

8.  Track  fastenings . 

9.  Switches,     frogs 

crossings    

10.  Track  lavin.g  and   surfacing. 


and     railroad 


S. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 


COST    OF   REPRODUCTION    AND    PRESENT  VALUE   (7,596  MILES  OF 

Cost  of 

Reproduction 

New. 

1.  Land   for   right   of  way.    yards  and   terminals     $  73.201.757.70 

2.  Grading,    clearing  and   grubbing 56.006,782.11 

3.  Protection  work,   rip  rap.    retaining  walls 2. 419. 292. -12 

4.  Tunnels    253.250.00 

5.  Crossties  and  switch  ties 17,491,500.06 

6.  Ballast    9,413.351.34 

7.  Rails    33,010.087.72 

Track  fastenings 5,936,740.60 

Switches,   frogs  and    railroad    crossings 1,389.363.52 

Track  laying  and  surfacing 5,340,689.05 

Bridges,    trestles  and   culverts 19,567,524.80 


201.918.21 
2,768,394.93 

559.896.21 
1,606.164.62 

717.519.88 
5,855,258.56 
4,344.684.37 

797.484.52 
4.123.119.91 
1,831,671.22 
2,837.988.58 

184,130.00 
6,065,496.69 

403.071.57 

155,766.71 

1.316,048.16 

94.526.17 

29.  Adaptation  and   solidification  of  road  bed 11,743.007.15 


Track  and  bridge   tools. 

Fences,   cattle  guards  and  signs 

Stockyards    and   appurtenances 

Water    stations    

Coal    stations    

Station   buildings  and  fixtures 

Miscellaneous   buildings    

Steam  and  electric  power  plants,  gas  plants    .. 

General    repair  shops    

Shop  machinery  and  tools 

Engine  houses,  turntables  and  cinder  pits 

Track  scales   

Docks  and  wharves    (incl.   coal  and  ore  docks) 

Interlocking   plants    

Signal  apparatus   

Telegraph  lines  and  appurtenances 

28.  Telephone    lines   and   appurtenances. 


26 


Total  of  items  1  to  29  inclusive $269,636,486.78 

Engineering,  superintendence,  legal  expense,    4%%    12.133.641.89 


36. 


Total  of  items  1  to  30  inclusive $281,770,128.67 

Locomotives     17,090.953.40 

Passenger    equipment    6,616.170.78 

Freight    car    equipment 46.911.106.58 

Miscellaneous  equipment    1,326.666.16 

Marine    equipment    43,500.00 

Total  of  items  1  to  35  inclusive $353,758,525.59 

Freight  on  crossties,  rails,  fastenings  switches  and  frogs       3,635,535.03 


Total  of  items  1  to  36  inclusive $357,394,060.62 

Contingencies,  5%  on  total  of  items  1   to   36 17.869,703.02 

Stores  and  supplies 5,210.010.98 

Interest   during  construction 31,261.419.93 


Grand  total    $411,735,194.55 


ROADWAY). 

Present 

Value. 

$  73,201.757.70 

56,006,782.11 

2.419.292.42 

253,250.00 

9,627,539.85 

9.413,351.34 

25,199.668.20 

4,543.054.70 

962,741.45 

5,340.689.05 

14,51S,834.30 

151.438.71 

1.403.082.54 

349,759.71 

1,144,535.43 

507,703.49 

4. 097.249. OS 

3,403,171.52 

656.069.99 

2,959.019.07 

1,484,756.11 

1.874.436.40 

129,474.45 

5.392,960.85 

293,197.56 

126,217.89 

994,227.19 

70.926.17 

11,743,007.15 

$238,230,206.93 
12.133.641.89 

$250,363,848.82 

12.608.422.67 

4.554.442.63 

34.068.095.26 

876.057.17 

32,625.00 

$302,503,491.55 
3,635,535.03 

$306,139,026.58 

17,869.703.02 

5,210,010.98 

31,261,419.93 

$360,480,160.51 


It    will    be    noted    that    tlie    cost    of    re-  II. 

production   and   the  present   value   of   item  12. 

36   (freight  on  track  materials)   are  ident-  13. 

ical;  but  since  freight  is  a  part  of  the  cost  14. 

of  these  materials  delivered,  and  since  the  15. 

materials   depreciate,   the   present   value   of  16. 

item  36  should  be  less  than  the  cost  of  re-  17. 

production.     The  error  in   this   case  arises  18. 

from  the  segregation  of  freight  as  a  sepa-  19. 
rate  item,  which  should  not  be  done. 

Item  37    (contingencies)    is  a  percentage  20. 

of  all  the  previous   items.     It  is   not   clear  21. 

why  contingencies  should  be  figured  on  22. 
lands,   nor   on    equipment. 


Bridges,   trestles  and  culverts...  2.576 

Track  and  bridge  tools 27 

Fences,  cattle  guards  and  signs..  364 

Stock  yards   and  appurtenances.  74 

Water  stations 211 

Coal    stations    •  ■ 95 

Station  buildings  and  fi.xtures...  772 

Miscellaneous    buildings -572 

Steam  and  electric  power  plants, 

gas  plants    105 

General-  repair  shops -548 

Shop  machinery  and  tools 241 

Engine    houses,    turntables     and 

cinder    pits    •  • -373 
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23.  Track   scale*  Ji 
•J4.  Dcicks    and    wliarvc^     (.mc     coal 

and  ore  diK-k>  > 779 

-'1    Interlocking;   plants  53 
■J<;    Signal   apparaiii^    .  20 
■.'7    Ti-U-nraph    line*    ami    appurten- 
ances       173 

28.  Telephone    lines    and    appurten- 

ances       13 

29.  .Adaption    and    solidilication    of 

roadbed     •  • 1,546 

3n    F.nginevrinR.        superintendence 

and  legal  expense   1.5f>8 

Total  of  items  I  to  30  incln-ive. $37,095 

31.  Locomotives     ..  2,250 

32.  Passenger   equipment    872 

•13.  Freight  car  equipment    6,175 

3-1    Miscellaneous    cquip:iuni  17" 

•Vi.    Marine    equipment     .    .  i! 


appraisal  is  the  very  high  percentage  that 
the  land  for  terminals  forms.  Station 
grounds  also  form  a  large  percentage  of 
the  total  cost  for  lands  There  are  many 
states  in  which  such  e\peti>ive  tcrminaN 
do  not  exist,  and  there  are  others,  like 
Illinois,  Pennsylvania  and  New  York, 
where  the  cost  of  terminals  is  jirohably 
greater  per  mile  of  railway. 

The    details    of    item    2    (grading,    etc.) 
arc  as  follows  per  mile  of  roadway : 
22,2:50  cu.  yds.  earth  at  28.7  cts..  .$<5,380.0i 

5<J5  cu.  yds.,  loose  rock  at  51.62 

cts 291.65 

34.">  cu.  yds.  solid  rock  at  $1,077     .  371. "m 

4."iti  acres  clearing  and  grubbing 

at   $60.8.^ 318.52 


Total 


.$7,371.75 


For  an  itemized  statement  of  the  cost 
of  the  C.  M.  and  St.  P..  in  South  Dakota, 
see  our  issue  of  July  24,  1907. 

For  an  itemized  statement  by  the  chief 
engineer  of  the  Norllicrn  Pacific  Railway, 
covering  the  cost  of  all  it*  lines,  sec  our 
issue  of  April  15,  1908. 

Ditto  for  the  Great  Northern,  see  our 
issue  of  May  6,  1908. 

Within  a  few  weeks  we  hope  to  publish 
the  itemized  cost  of  all  the  railways  in  the 
State  of  Washington.  In  doing  so,  we 
shall  give  not  only  the  estimated  cost  of 
reproduction  new  and  present  value,  but 
the  actual  cost  to  the  railways  of  that  state. 
These  latter  figures  will  be  particularly 
interesting,  since  nothing  of  the  kind  has 
ever  been  published  before. 

We  append  a  table  prepared  by  the  Rail- 
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MIUaK 

In 
Innosot 
.      23,. ■. 

lis 

1.202 

.     651 

.     23i; 

431 

241 

142 

63 

35 

,0.ic) 


Rnllu'tiVM  M 

rill..  Bur'tnn  &  Quinc.v... 
ClilcaKo    f;r«'at     Western.. 

<:hlc..   Mil.   &    St.    Paul 

Chic.  &  North  Western.. 
Chle..  Rock  Island  &  Par. 
Chic..  .><t.  P..  Minn.  Onia. 
Hultilh  &  Iron  Hanee.... 
I'uUnli.  .\II.-<s;il..-  &  Nor., 
liulutli    &    N..rili    hjisti-rn. 

I'uluth   &    Ncr.    Minn 

Great   Norllicrn    

Ma.xnn  I'lty  &  Ft.  DodKe. 
Minn     A:    International....     174 

S«o   540 

Mlnneu|Hill8  &   St.   Louis..     378 

N.Ttli.rn    Pacltlc    967 

\Vi~.  ..T  sin    Central    24 

W  ■  <i      .Minn.    &    Paclflc...     244 

lllii  •  1-   Central   30 

I'lliiilj.    I'n.   Depot  &  Ter.        0.4 

MiM.  .i|iolls   Kasiern    0.9 

-M  r.ii- ;ir»oIlfi     I'nion     3 

Miriri.  .tpolls    Western     ....         2 

.<'      I'.iul    I'nlon    licpot 0.6 

.Miiiii.woia   Transfer   12 


Minnesota 

share 

of  capital 

e  stock  and 

funded 

debt. 

»757.242 

16.743.875 

43.371.044 

25.068,954 

12.095.605 

16.717.540 

14.232.000 

13.155.500 

500.111)0 

200.000 

78,268.492 

3,237.425 

2.645.000 

18.255,913 

20,884.937 

55,898,480 

1,235.380 

10,539.656 

1,172,648 


rtiiilways" 
•  stiiimte 
cost 
reproduc- 
tion. 1906. 
J2.957.221 
17.639.SSO 
54,888.175 
20.91 4. 139 
n.2S0.105 
29.217,691 
27,267.14" 
21.1131.984 
665.582 
968.039 
134. 823. 938 
1.625.205 
4.944.057 
20.992.511 
21.845.196 
86.817.468 
4.238.241 
11.959.545 
819.544 
1.018.170 
969,164 
7.773,750 
1,745.899 
5.495.150 
5.777.987 


I^ommtsslon's  estlnuites- 


eost 

rejiroduc- 

tlon.  1907. 

$2,726,670 

7.769.914 

54.591.393 

21.214.978 

8.716,215 

26.778.560 

211.564. 552 

23.087.672 

859. S65 

880.008 

tti7.074.102 

772.072 

3,966.309 

21.990.682 

16.622.245 

69.397.955 

2.780.323 

6. .561. 652 

944,302 

910.698 

987,460 

4,321,250 

1.078,831 

4,354.202 

2.873.283 


Present 

value.  '07. 

t2. 405. 988 

6.714.147 

47.459.752 

17.463.934 

7.779.600 

22.838.12" 

17.771.796 

20.909.116 

711.737 

675.956 

94.415.343 

622.941 

3.409.461 

19.575.254 

14.276.189 

61.099.563 

2.455.906 

5.645.689 

800,845 

817.541 

847.488 

4.021.72S 

966.21" 

4.184.311 

2.591.546 


"B" 

cost 

reproduc- 
tion.  1907. 
$2,451,931 
6.595.116 
46.4.59.470 
18.154.144 
7.493.711 
22.553.406 
19.226.745 
22.328.569 
791.496 
836.477 
95,406.976 
690.926 
3,709,605 
19.392.3"5 
14.185.150 
60.679. 4"9 
2.201.481 
5.763.945 
798.458 
821.545 
639.268 
3.364.425 
849.883 
2.S47.343 
2.332,762 


Present 

value.  '07. 

S  2.131.250 

5.539.349 

39.327.829 

14.790.100 

6.577.096 

18.612.966 

16,433,990 

20.150.013 

643.368 

632.425 

82,748.216 

541,795 

3.152.757 

16.976,876 

11.839.093 

52.381.010 

1.877.064 

4,847.982 

655.001 

728.388 

589.296 

3.064.904 

737.262 

2.677.453 

2.051.025 


Capital 

per 

mil.- 

In  Minn. 

>  32.278 

142,392 

36,083 

38.492 

51.207 

38,777 

59,095 

92.565 

7,874 

5.714 

38,181 

118,587 

15.160 

33.834 

55.184 

57,801 

52,389 

43.190 

38,868 


Est.  cost 
tlon  per 

Rallwa.v's 

1906. 

t     126.054 

150,012 

4  5. 6  6  5 

32.113 

47.755 

67.772 

113.221 

169. "1'6 

10.4>1 

27.65* 

65.770 

.59,531 

28.338 

38,906 

57.721 

89.772 

179,586 

49,008 

27.164 

2.558.217 

1.023.404 

-  :''.".. 798 

■  ::.076 

■  ^IJ.767 

4'i2,239 


reproduc- 

mlle 

Corn's. 

estimate 
"A,"  190T 

>    II'-.:-'': 

4  '.  1  ;  < 


i''.j.i.",.' 
i.''..",ti 


117,81" 

26,889 

31,3"" 

2.8SS.135 

947,688 

1.643.061 

638.362 

7.775.36" 

£29.863 


Total    7,58"  500.675,781     411.735.195     360.480.161     360.951.548      322.565.107         

Note. — .\veraKe   capitalization    nf   railways  !n  Minnesota  (e.\cept  thi-  six  switching  roads.  List -mentioned  In  tahle).  J44.206  per  mile; 
averaKe  cost  of  reprodur-ilon  of  19  carrying  roarls.   as   estimated    b\'    thenise|\-es.    1906.    $65,909     pi*r     mile;     Commission's    estimate     ".\" 
cost  of  reprorliictlon  of  i-sirryinii  roads.  1907.    $52,430  per  mile;  Coniiiiissi»>n's  estimate  "A."    present     value.    $45,799    P'T    riii!e:     «"''nniiT^f«- 
slon's   estimate    "B."    cost    of    rfj'rodiictlon    of  rarr>'lng  roatls.    19o7.    $I6.2"2   i>ei-   mile;   estimate    "B."    pres<'nt    valu-       "' 
average  valuation    placed   on    sl.\    switching   roads   Hast   mentionedi    by    roads  themselves.    $1,216,152     |ier    mile;     C' 
"A."    cost   of   reproduction  of   switching   roads.    1907.   $770,933   lur  mile;   estimate   ".\."   present    value.    $717,160   per 

estimate  "B."  cost  of  reiiriKluctlon  of  switching  roads.  $579,718  per  mile;  estimate  "B."  present  value,  switching  na.i^  JL,.i'i..  p.  i 
mile.  Kstlmate  "A"  dlfTers  from  "B"  In  thai  the  v.ihies  of  lands  In  estimate  ".\"  are  taken  at  their  "value  for  railway  purposes." 
wh«*reas   In   the   "B"   estimate  ilu-  "normal   v;tUic"  of  th«'  land  Is  assumed. 


36.  Freight     on     cros*     ties,      rails.  (irail 

switches  and  frogs,  track  fast- 
enings       478 

37.  Contingencies     .1,'V<2 

38.  Stores  and  supplies  in  Minnesota  686 

39.  Interest    during    construction....  4,115 


revision  at  Owatoima  ($27. 
(125 1     


way   .\gc   (iazettc   from   the  data   contained 
.3.63       in    .Mr.    Morgan's   report. 


Grand    total    $54  204 

The  details  of  item   I    flnnd)   are  as  fol- 
lows per  mile  of  roadway  : 

l'2.i>3i;   .-icres   right   of    wa> $1,217.90 

O.ti2o  acres  gravel   pits.   .  i  :W..'t2 

2,97.'t  acres  station  groinnN.  ....    1..>H8.'28 
0  6.'W    acres    terminals     (St.    Paul, 

Minnc.-ipolis  and  DuUith)...  6.^1684 

16.8<m;    acres    total $!l.6.1t; .%( 

These  values  are  not  the  "normal  val- 
ues" of  the  land  for  ordinary  purposes,  but 
the  "values  for  railway  purposes"  as  as- 
certained by  applying  the  multiples  above 
given. 
The   most    significant    fact    in  "this    land 


Total    $7,375.38 

Mr.  Morgan's  report  contains  nc.  further 
data  as  to  unit  costs. 

The  itemized  costs  of  each  of  the  difter- 
ent  railways  in  Minnesota  are  given  in  the 
rii)ort.  and  it  was  from  a  summary  of 
those  items  that  the  above  given  totals  and 
averages  were  prepared. 

For  purposes  of  comparison,  many  of 
our  readers  will  want  to  refer  to  similar 
data  on  railway  appraisals.  The  following 
references  to  articles  in  F..N'CiNF.KKiN<;- 
CoNTR.vcTiNr.  cover  all  railway  appraisal 
ilala.  exci-pt  for  the  state  of  Texas,  which 
we   shall   give   subsequently. 

F'lr  summaries  of  the  Michigan  and 
Wisconsin  railw.iys.  made  for  the  lax  com- 
missions of  those  states,  sec  our  issue  of 
June  22.  1907 


The  Chilean  Government  opened  prop  ■■ 
sals  on  March  I  for  the  construction  of  the 
railway  between  .\rica.  Chile,  and  La  Paz, 
Rojivia.  The  work  is  divided  into  five  sec- 
tions, viz. :  (a)  from  .Africa  lo  the  85th  kilo- 
meter; (h)  from  the  8")th  to  the  115th  kilo- 
meter: (c)  from  the  115ih  kilometer  to  the 
I'olivian  frontier;  (d)  from  the  Bolivian 
frontier  to  the  35"ith  kilometer;  (e)  from 
the  .'iVith  kilometer  to  Li  Paz.  Bids  for 
this  work  were  originally  to  have  been 
opened  Dec.  1. 

It  is  estimateil  that  the  jimduclioM  if 
blister  and  1-ike  c<  pper  in  liloS  from  ores 
milled  in  the  United  States  will  be  greater 
hy  about  50.000,000  lbs.,  or  between  5  and 
6  per  cent,  than  that  of  1907.  which  was 
,'»f«99t:.491  lbs. 
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9- 


Bridges,  Buildings  and  Foundations 


Note:  This  section  is  devoted  to  methods  and  costs  of  constructing  steel 
and  masonry  bridges  and  buildings  and  of  foundation  work  of  all  kinds.  It 
will  give  special  attention  to  erection  plant  and  tools,  falseworks  and  centers 
and  cost  data  of  all  kinds. 


The    Standard     Reinforced    Concrete 

Culvert    Construction   of   the 

Iowa  State  Highway 

Commission. 

The  plans  for  concrett;  culverts  and  high- 
way bridges  which  are  illustrated  by  the 
accompanying  Figures  1  to  4,  are  exam- 
ples of  the  standard  plans  worked  up  by 
the  Iowa  State  Highway  Commission  and 
supplied  to  county  road  officials  on  re- 
quest. The  full  set  of  standard  plans  in- 
cludes many  more  sizes  of  structures,  but 
as  they  are  all  of  the  same  general  type  we 
have  not  thought  it  necessary  to  illustrate 
more  than  those  shown.  For  these  illus- 
trations and  for  the  data  which  follow  we 
are  indebted  to  Mr.  T.  H.  MacDonald, 
highway  engineer,  Iowa  State  Highway 
Commission.  Ames,  Iowa. 

Besides  the  standard  plans,  the  commis- 
sion furnishes  specifications  and  instruc- 
tions for  materials  and  construction.  For 
large  bridges,  standard  specifications,  it  is 
considered,  will  not  prove  applicable  with- 
out the  addition  of  many  specific  clauses, 
and  they  are  not  furnished ;  but  for  small- 
er structures,  particularly  for  concrete  slab 
culverts,  general  specifications  can  be  used 
that  prove  fairly  satisfactory  for  covering 
the  work  of  a  township  or  a  county.     The 


following  data  are  taken  from  specifica- 
tions as  prepared  by  the  commission.  A  ta- 
ble has  been  prepared  and  is  included.  Ta- 
ble I,  which  shows  the  thickness,  the 
amount  of  reinforcing  in  square  inches  per 
foot  of  width,  the  stress  in  the  concrete 
and  in  the  steel  for  culvert  slabs  from  2  to 
20  ft.  clear  span.  The  loading  used  is  the 
dead  load,  which  includes  the  weight  of  the 
concrete  and  the  earth  fill  plus  a  concen- 
trated live  load  of  a  r2-ton  traction  engmo 


mounted  on  axles,  11  ft.  centers,  tlie  rear 
axle  carrying  a  weight  of  8  tons. 

The  classes  of  concrete  specified  for  cul- 
verts are  as  follows ; 

Class  A  for  Tops. — 1  cement,  2  sand  and 
4  broken  stone  or  screened  pebbles  passing 
a  2-in.  ring. 

Class  B  for  Side  and  Wing  Walls.— 1 
cement,  2%  sand  and  o  broken  stone  or 
screened  pebbles  passing  a  2V^-in.  ring. 

Class  C  for  Foundations  and  Footings. — 
1  cement,  3  sand  and  6  broken  stone  or 
screened  pebbles  passing  a  2%-in.  ring,  or 
Class  B  concrete  may  be  used. 

Class  B  Mortar. — 1  cement  and  2%  sand 
passing  a  %-in.  mesh. 

Regarding  the  use  of  unscreened  gravel 
tlie  specifications  state  that  it  may  be  used 
for  Classes  B  and  C  concrete,  subject  to 
frequent  tests  by  the  engineer  to  determine 
the    sand    and    pebble    content,    and    in    no 
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Fig.  1 — Standard   Plans  for  7-Ft. 


Reinforced    Concrete    Culvert. 


TABLIO  I.— SHOWING  THICKNE-SS.  MOMENTS.   COMPRESSIVE   STHBSSES  AND  AREAS  OF  STEEL  FOR  SLABS  OF  ^'ARIOUS  SPANS 

AND  VARIOUS   DEPTHS   OF  FILL  AND   A  LIVE   LOAD    OF  ONE  12-TON  TRACTION  ENGINE. 

Snan  '^'span  *"  1  Ft.  Fill.  2  Ft.  Fill.  3  Ft.  Fill.  4  Ft.  Fill. 

Feet'  ft  in  D    M  C  S  D  M  C  S  D   M  C  S  D  M  C  S 

9  9-fi'                    6   1387  530  0.30  S  1465  560  0.32  6  1293  494  0.2S  6  \(i?-^  413  0.24 

5  3-6 7   2038  497  0.35  7  2192  530  0.38  7   1865  453  0.32  7  1746  424  0.3O 

\  4-6 S   2757  467  0.40  S  3010  509  0.43  S  2650  44S  0.38  8  2550  432  0.38 

--,                6-0 .    ...  9   3903  485  0.48  9  4355  542  0.54  9  4035  501  0.50  9  4020  500  0.50 

6  7-0 .      9   4730  589  0.58  10  5490  523  0.59  10  5150  490  0.55  10  5220  498  O.SS 

7  S-O 10   5800  552  0.62  H  6700  504  0.64  11  6410  482  0.62  11  6585  496  0.6S 

S       9-6 11   7430  559  0.71  12  8710  531  0.75  12  8535  520  0.74  12  8930  545  0.77 

q  10-6 12   8700  531  0.75  13  10260  517  0.80  13  10300  520  0.81  13  10750  543  0.84 

■Cn              ii_6 ."      13  10100  510  0.79  13  11760  593  0.92  14  12040  510  0.87  14  12805  542  0.92 

11  12-6 13  11350  573  0.89  14  13560  574  0.97  14  13800  583  0.99  15  15010  542  0.99 

12  13-6 14  13020  550  0.93  15  15570  563  1.03  15  16010  578  1.06  16  17550  546  l.OS 

13  14-6 15  14800  535  0.98  16  17750  552  1.09  16  18425  573  1.13  17  20240  548  1.16 

14  i.t-,-B 15  16370  591  l.OS  17  20120  544  1.15  17  21040  570  1.21  18  23180  552  1.24 

ir,      1(1-6 16  18450  574  1.13  IS  22700  541  1.22  18  23850  568  1.28  19  26360  557  1.33 

16  17-6 17  20700  560  1.19  IS  25050  597  1.35  19  26960  570  1.36  20  29900  562  1.43 

17  iS-6  18  23150  551  1.24  19  27950  591  1.41  20  30230  569  1.44  21  336S0  568  1.52 

15  19-6 18  25180  599  1.35  20  31150  586  1.49  21  33780  570  1.53  22  37620  574  1.61 

19  20-6 19  27950  591  1.41  21  34550  583  1.56  22  37650  574  1.61  23  42060  581  1.72 

2U  21-6.'.'..!! 20  30950  583  1.48  22  38150  581  1.64  23  41710  577  1.71  24  46640  589  1.82 

near  Effective  „  „  ^., 

Suan  Span  5  Ft.  Fill.  6  Ft.  Fill.  7  Ft.  Fill.  8  Ft.  Fill. 

Feet'  ft  in  D    M  C  S  D  M  C  S  D    M  C  S  D  M  C  S 

2  2-6  6   1022  390  0.22  6  1027  392  0.22  6  1035  390  0.22  6  1068  407  0.23 

3  3-6 '....'. 7   1728  420  0.30  7  1755  425  0.30  7  1819  442  0.31  7  1899  461  0.3S 

4  4-6   8   2580  437  0.38  8  2671  452  0.38  S  280S  474  0.40  S  2968  503  0.43 

5  6-0    ..  9   4170  519  0.51  9  4405  548  0.54  9  4705  5S5  0.58  10  5083  485  0.55 

6  7-0  10   5480  522  0.59  10  5840  557  0.63  10  6277  59S  0.68  11  6818  513  0.65 

,  8-0 II   6985  526  0.67  11  7500  564  0.72  12  8190  499  0.71  12  8830  538  0.7S 

8  9-6 12   9585  584  0.82  13  10510  530  0.82  13  10480  530  0.82  13  11320  572  0.89 

9  10-6 13  11600  585  0  91  14  12800  541  0.92  14  13925  589  1.00  15  15215  550  1.01 

10  11-6 14  13870  586  0.99  15  15300  552  1.01  16  1690O  527  1.04  16  18320  570  1.12 

11  12-6 15  16340  590  1.08  16  18100  563  1.11  17  19970  540  1.14  17  21975  595  1.2K 

12  13-6 16  19130  595  1.17  17  21200  573  1.21  18  23445  559  1.26  19  25675  543  1.30 

13  14-6 17  22U0  597  1.27  18  24600  586  1.32  19  26950  569  1.36  20  29830  561  1.42 

14  15-6 19  25750  544  1.30  19  28200  597  1.43  20  31190  588  1.49  21  34280  579  1.55 

15  16-6 20  29380  553  1.40  21  32600  550  1.47  21  35620  599  1.61  22  39140  598  1.6S 

16  17-6 21  33320  562  1.51  22  37000  564  1.59  23  40840  566  1.67  24  44890  567  1.75 

17  lS-6 ; 22  37560  572  1.61  23  41700  576  1.70  24  46020  580  1.80  25  50440  5S2  1.88 

IS  19-6 23  41990  581  1.72  24  46600  587  1.82  25  51490  595  1.92  26  56500  597  2.02 

19  20-6 24  46920  592  1.83  26  52700  557  1.89  27  58060  567  1.99  28  63650  575  2.0» 

20  21-6 26  52760  558  1.89  27  58500  571  2.01  28  64440  582  2.12  29  70510  590  2.24 

D  =  Depth  of  beam  in  inches.  M  =  Max.  mom.  in  ft.  lbs.  C  =  Compressive  stre.ss  in  concrete  in  lbs.  per  sq.  in.  S  =  Area  of  steel  in 

sq.  in.  per  ft.  of  width. 
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i;i>c  5liall  the  »;iiul  bf  greater  tliaii  the  class 
rc<iuircnieiits  <ir  less  than  is  necessary  to 
lill  the  voids  in  the  pel>bles.  The  approxi- 
mate quantities  for  a  cuhic  yard  of  con- 
crete of  the  above  proportions  are  Riven  by 
Tabic  II: 

Tiililr     II- Qtmniilli'K    of    MiittrbilK     in    I'xn- 
ereti' 


Scr*'fn<'tl  iifhbtoH. 
Ilriikin 

S»Illl.  Mtuii*>. 

Cii.  yil.  Cu.  yd. 
11.44  «.%% 

Il.4£  U.»2 

0.47  0.»4 


<'i-Illfllt- 
Klntl.  Ml>lii. 

I'Umii    A i.r.: 

•  •Uiiw     B 1.25 

(•la.-ui     C 1. 10 

Note. — It  (hall  be  pcrmlmlblo  for  the  In- 
-lit-.tor  to  xllKlilly  vury  tin-  alKivc  i>ropor- 
il..tis  <«f  kiiikI  ami  aKt;r>'i;ali'  for  llif  illtT-rfnt 
.■Li.H!*«'H  to  .stH-iirt*  a  ilfii.N.-r  coiicn'lo  with  thr 
tilati'rlulM    tisril. 

VVc  quote  Mr.  MacDonald  on  further 
matters  as   follows : 

"It  will  be  noticed  that  we  do  not  ad- 
here* strictly  to  the  exact  amount  of  ag- 
Krcgatcs  in  the  various  classes  where  the 
materials  can  be  used  to  produce  a  smooth- 
er concrete  by  slightly  adjusting  the 
.miounts  as  given.  The  class  C  concrete  is 
the  weakest  concrete  that  we  use  and  at 
the  present  price  of  cement  we  believe  it  is 
false  economy  to  use  a  leaner  mixture  ex- 
cept in  very  heavy  construction,  and  even 
then  wc  prefer  a  fairly  rich  concrete  with 
one  man  rubble  stone  imbedded  in  this 
concrete.  The  division  line  between  sand 
and  gravel  is  placed  at  about  a  No.  8  screen 
nnd  the  advisability  of  following  the  speci- 
fication in  regard  to  determining  the  sand 
and  pebble  content  is  well  illustrated  by 
Tabic  III,  which  gives  the  results  of  tests 
made  on  samples  sent  in  from  various 
counties" : 

Talile    III    -Pro|Mirllt»n«    of   i?and   and    Pebbles 
In  Vaiioufi  Gravels. 


Pebbles. 

Sand 

<;nivel. 

No. 

Pet. 

Pet. 

iJn-cne  County    . 

...1 

80.g 

19.2 

<> 

46.3 

53.7 

.1 

34.3 

65.7 

4 

43.0 

57.0 

.', 

.'.7.1 

42.9 

I'arroll   County    . 

. .    1 

33.8 

66.2 

.-<tf>ry    County 

...1 

.i8.7 

41.3 

0 

47.3 

.%2.7 

3 

42.4 

57.6 

Nnimct     County 

.  .1 

65.2 

S4.8 

0 

30.4 

69.6 

3 

51.7 

48.3 

"A  variation  in  the  compressive  strength 
•  >f  Ihesc  samples  mixed  in  a  proportion  I 
part  cement  to  6  of  the  sample  is  illustrat- 
ed by  the  seven  and  twenty-eight  day  test 
yiven  in  Table  IV: 
Tallin    IV  — CoMipri-Biilve    .SirenKth    of    Gravel 


-Compri'flnlve    SlreriKtli 
Concrete. 

7  days. 


Gmvi'l.  Nt». 

'tri'vne     County. .  1 
•> 

3 
4 
5 

I'aiToll     County..! 

.storv    County 1 

2 
% 

Kmmet    County..  1 


.\v»'niK«' 


1-6 


$  days. 

l-« 


T.«bf*.  HI).  In.   I^bH.  Hq.  In. 


625 
774 
636 
47.n 

504 
720 
735 
531 
940 
389 
465 

..612.6 


1.030 

1.49" 

1.170 

S65 

1.195 

1,137 

1.487 

1.370 

1.275 

1.950 

744 

S73 


1.215.3 


"Without  going  into  this  subject  too 
much  in  detail,  it  is  perhaps  worth  while  lo 
include  the  following  specification  for  the 
reinforcing  steel : 

"'Reinforcing  Steel. — Except  as  other- 
wise specifically  stated  herein,  all  reinforc- 
ing steel  used  shall  be  of  such  a  section  as 


lo  provide  a  nieclianual  bond  at  iropniit 
intervals  and  to  insure  a  thorough  conl.icl 
between  the  steel  and  concrete.  .Vet  sec- 
tions, sizes  and  distribution  and  bonding 
shall  be  exactly  as  shown  on  the  drawings. 


^mail  iron  nail.  Each  bar  shall  be  held 
rigidly  to  position  by  blocking  to  the  forms 
ami  wiring  to  the  bars  it  crosses.  Medium 
steel,  having  an  elastic  limit  not  les-^  than 
3l'.imn)  Ihs.   |HT   sq.   in.,   shall  be  used,  and 


.^Iff/iAT/**  •/  >«V/ 


fngf  Ccftff 


Fig.  2 — Details  of  14-Ft.  I-Beam  and   Concrete    Bridge 
1 1 1 1 1  i 1 1  :> 


\at  ioit  /til  ctnler 
Bars  /7'ClbC 


.  /"Ban  B'CloC  Ittn/M 


bar  turned  up  othtn  dtwi 

^Concrtk  for  top  l-!-4 
Rll ofhtr concrete  l-^S 
Yrji  ^t>ed  a//  /t/nfyfciny 
l^— '  Z'6vm  fixe  ft  CyKrok 

~J    Q>m/  tbolinp  ib  sofid  Hxjn/at/on  anl 
,  5    *iimp  eertf  airful/a  around  t/itm 
h/iw  poor  foundafian  oihr^  rs 

Fig.  3 — Standard  Span  for  20-Ft.    Reinforced   Concrete   Culvert. 

fbrm'cc'and  ha' to  Be  ~toe 

up  m  8  it  11  n  5ecf/o-f 


,9'^-\    j/ 


Fig.  4     Forms  for  2x2-Ft   Concrete  Culvert. 


The  transverse  l>ars  shall  consist  of  '/4-ni. 
rounii  rods  placed  in  pairs  as  .shown  on  the 
drawings,  and  connected  by  a  lattice  bar  of 
the  required  length,  punched  with  %-in. 
holes  and  placeil  at  intervals  of  3  ft.  The 
lattice  bars  shall  be  keyed  to  position  by  a 


shall  withstand  cold  bending  equal  u>  twice 
the  diameter  of  the  test  piece  without  frac- 
ture. Only  steel  free  from  rust,  dirt  and 
grease  shall  be  used,  and  some  means  shall 
be  provided  for  cleaning  the  surface  of  the 
steel  before  placing.'" 
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Unclassified  and  General  Articles 


Note:  This  section  is  devoted  to  methods  and  cost  articles  on  construction 
werk  not  properly  coming  under  any  of  the  preceding  classifications. 


Answers   to    Engineering    and    Con- 
tracting   Questions. 

Sirs-  We  have  a  soft  sand  rock  contain- 
ing verv  hard  quartz  pebbles.  The 
material  is  wet  and  several  machines  have 
worn  so  fast  that  it  has  not  been  economical 
to  crush.  We  have  the  advantage  of  gravitv 
for  the  plant,  the  location  being  on  a  hillside. 
We  propose  to  put  in  storage  bins,  crushing, 
screening  and  conveying  machinery.  Our 
problem  is  to  get  a  crusher  that  will  handle 
the  stone  properly  and  economically.  Any 
information   will  be  thankfully   received. 

We  should  be  glad  to  have  any  of  our 
readers,  having  knowledge  of  or  experi- 
ence in  crusliing  soft,  wet  sand  rock  con- 
taining hard  pebbles,  give  us  their  advice. 
^-Editors. 

Sirs:  What  objections  are  there  to  lime- 
stone as  an  aggregate  for  concrete.  The 
writer  is  operating  in  a  limestone  country 
and  has  been  told  that  there  are  objections 
to  it  for  concrete  aggregate.  The  limestone 
available  is  a  hard  crystalline  stone  and 
breaks  in  good  shape  for  concrete. 

Some  constructors  object  to  limestone 
concrete  for  fire-proof  building  work  since 
it  calcines  at  high  temperature  and  thus 
is  more  readily  damaged  by  fire.  It  has 
also  been  found  that  waters  carrying  car- 
bonic acid  gas  will  pit  the  inside  of  a  con- 
duit by  dissolving  the  pieces  of  limestone 
in  the  concrete.  Such  a  case  of  pitting  so 
severe  as  to  require  relining  the  conduit 
was  described  in  Engineering-Contr-^ctixg 
for  September  11,  IWi.  Limestone 
makes  a  strong,  sound  concrete  and  m 
general  is  regarded  as  one  of  the  best  of 
concrete    aggregates. — Editors. 

Sirs-  What  proportions  are  necessary  to 
make  a  concrete  wall  1  ft.  thick  waterproof . 
Can  it  be  made  so  by  plastering  the  mside 
tace  with  a   1-2  mortar? 

Categorical    answers    to    these    questions 
are  impossible.     Concrete  is  water-proof  in 
proportion  to  its   density.     A  rich  concrete 
is  more  dense  than  a  lean  concrete,  hence 
a   concrete  rich  in   cement   is   more   nearly 
impervious  to  water  than   one  poor  in  ce- 
ment  other  things  being  equal.     A  concrete 
made  of  graded  aggregates  is   more  dense 
than   one   made   of   aggregates   of   uniform 
size   of  particles,  hence   a   graded  concrete 
is  more   impervious  than   one  made   of  an 
aggregate  of  nearly  uniform  size.     .\lso   a 
graded    concrete    lean    in    cement    may    be 
more    impervious   than    an    ungraded    con- 
crete   rich    in    cement.      Perhaps    the    most 
familiar    rule    for   grading   concrete   aggre- 
gates  to  secure   water-tightness   is   that   of 
Mr.  W.  B.  Fuller,  which  will  be  found  ex- 
plained  in   detail   in   "Concrete,   Plain   and 
Reinforced,"    by    Taylor    and    Thompson, 
and   briefly    in    Engineering-Contracting, 
February    10.    \'MK   p.    106.     In   brief,   the 
imperviousness  of  concrete  depends  on  its 
density  and   density   depends   upon  various 
factors     besides     the    proportions     of    ce- 
ment,  sand   and   aggregates.      .\   plastering 
of    1—2    mortar    will     certainly     help     to 
make    a    wall    water-tight,    if    the    plaster 


sticks.  Plastering  a  concrete  surface  so 
tliat  the  plaster  will  stick  must  be  done  by 
special  methods  and  with  care;  a  method 
claimed  to  be  satisfactory  is  described  in 
Engineering-Contr.\cting.  February  10, 
1009,  p.  111.  Since  the  difficulty  of  plas- 
tering on  concrete  is  to  make  the  plaster 
stick,  this  difficulty  is  naturally  increased 
by  water  pressure  against  the  joint,  and  so 
wdien  plastering  is  resorted  to  to  secure 
water-tightness  the  plaster  is  placed  on 
the  side  of  the  wall  against  which  the 
water  presses,  for  example  the  outside  of 
a  cellar  wall  or  the  inside  of  a  tank.— 
Editors. 

Sirs:  In  constructing  a  concrete  arch  park 
bridge  a  considerable  amount  of  ornamental 
work  is  called  for — keystones,  rosettes,  den- 
tils, cornice,  balustrade,  etc.  What  is  the 
best  practice  in  constructing  such  orna- 
ments? 

Generally  speaking,  the  best  procedure  i-; 
to  mold   or  cast  the  ornaments   separatel\. 
not  trying  to  form  them  in  one  piece  with 
the  spandrel  walls  or  arch  ring.    Keystones 
and     rosettes,    which    are    surrounded    by 
mass    concrete,    are    so    molded    and    then 
braced  in  position  just  before  the  concret- 
ing reaches  the  places  where  they  are  to  be 
located  and  the  mass  concrete  is  deposited 
around    them.      The      ornament      itself      is 
molded  on  a  block,  the  body  of  which  ex- 
tends back  into  the  mass  concrete  to  bond 
it   firmly   in  place.     Cornice  blocks,   balus- 
ters,   base   blocks,    railing   blocks,    etc.,    are 
■;et  in  place  after  being     molded     just     as 
similar   forms   of  cut   stone   would   be    set. 
The  method  of  molding  the  ornament  will 
be    determined    by     its     character.     Simple 
patterns  may  be  molded  in   wooden   forms 
made  by  a  pattern  maker,  or  metal  forms 
can    be   ordered    from   one   of   the   various 
concerns  who  make  them.    Elaborate  or  in- 
tricate patterns   or  those   calling   for   some 
special  surface  texture    or     finish     require 
plaster  of  paris,  glue,  sand  or  other  special 
molds   and   skilled   manipulation,   and   such 
castings  had  better  be  contracted  for  with 
some  good  art  concrete  works.     For  form- 
ing plain  panels,  beads,    coves,     etc.,     the 
only  practicable  method   is  to   provide  the 
necessary   patterns    in    the    main    arch    and 
wall    forms.      Often   the   cornice   course   is 
provided   for   in   the   regular    forms.      Ex- 
amples of  molds  and  forms  for  ornamental 
work  and  the  processes  employed  are  given 
in    "Concrete    Construction— Methods    and 
Costs,"   by   Gillette   and    Hill— Editors. 

Sirs-  I  am  after  information  in  regard  to 
wood  or  paper  "fiber."  I  believe  that  the 
above  is  the  commercial  name  for  it.  What 
I  have  reference  to  is  a  dark  red  substance 
which  is  used  quite  extensively  around  elec- 
tric light  plants  for  wearing  surfaces  and 
for  insulating.  What  I  want  to  know  is:  the 
size  that  I  can  get  this  substance  in? 
Can  it  be  manufactured  in  blocks  13  or  14  Ins. 
in  diameter?  if  not.  whether  it  could  be 
built  up  in  layers  and  cemented  together 
and  make  that  size  block,  and  if  it  would 
resist  heavy  pounding? 


The  following  answer  to  our  correspond- 
ent   has    been    obtained    from    one    of    the 
largest   manufacturers   of  the  product,   the 
Delaware     Hard    Fiber    Co.,    Wilmington, 
Del.     "Hard  fiber  is  not  a  wood  pulp  prod- 
uct,  but   is   a   pure   cotton   product.     It   is 
used  extensively  for  friction  purposes  and 
for    electrical    insulation.      It    is    made    in 
slieets.    rods    and    tubes ;     sheets    measure 
about  4   ft.   by   G   ft.,   thickness    from    1/64 
in.  up  to   1%   ins.     It  is  not  practicable  to 
cement   sheets  of  this  material  together  to 
make   thick  blocks,   as   there  'is   no  cement 
that   w'ill   hold   it ;   however,  thin   sheets  of 
it    are    glued    to    wood    in    manufacturing 
trunks.     It  stands  a  tremendous  amount  of 
pounding  and  wear  and  takes  an  enormous 
pressure  to  crush  it.     It  was  used  to  insu- 
late   the    Trinity    building.    New    York,    a 
20-story    office    building,    by    covering    the 
piers   with    sheet   fiber    %    in,    thick.     The 
constructor   made   some   elaborate   tests   to 
ascertain    the    strain    before     erecting    the 
building   on    top    of    these    sheets    of    fiber 
and  reported  the  results  of  his  tests  as  fol- 
lows :  A  piece  of  fiber  %  in.  thick,  3x3  ins. 
compressed  1/32  in.  under  90.000  lbs.  pres- 
sure.    .\  piece  cf  fiber   %.xlxl   in   crushed 
under  34,TlHi  lbs.   pressure.     Fiber   absorbs 
water    and    thus    makes    excellent    gaskets 
and  bibbcock  washers  for  plumbers'  use;  it 
does  not  absorb  oil,  hence  it  makes  excel- 
lent gear  wheels,  used  extensively  by  auto- 
mobile  manufacturers." — Editors. 

Sirs:  To  wliat  extent  does  the  addition  of 
coloring  matter  to  cement  to  produce  a  tint- 
ed surface  injure  the  mortar  or  concrete? 
What  is  the  best  method  of  adding  the  col- 
oring matter?  Is  there  any  other  successful 
method*  except  by  using  colors  to  produce 
tinted  concrete? 

Practically  all  coloring  matters  injure 
the  mortar,  but  the  injury  is  negligible 
in  case  of  small  additions  for  all  but  a  few 
substances.  Safe  practice  in  the  selection 
of  coloring  matters  and  in  the  amounts  to 
be  added  are  given  in  Reid"s  "Concrete  and 
Reinforced  Concrete  Construction."  and 
in  other  treatises  on  concrete.  The  prefer- 
able method  is  to  add  the  dry  color,  pow- 
dered, to  the  dry  cement,  mixing  the  two 
well  in  a  cylinder  or  bo.x  rotating 
on  trunnions.  The  more  usual  practice  is 
to  add  the  color  to  the  mixing  water. 
The  other  method  of  securing  tinted 
concrete  is  to  use  sand  and  aggregate 
of  colored  stone.  These  give  a  nat- 
ural and  durable  color  and  few  arti- 
ficial coloring  matters  give  either.  Useful 
hints  on  coloring  concrete  are  to  be  found 
in  the  catologues  of  the  manufacturers  of 
concrete   block   machines. — Editors. 


The  first  of  the  postal  automobiles  at 
Bagdad  went  into  service  recently.  The  car 
carried  the  mail,  hitherto  borne  on  camels' 
backs,  from  Aleppo,  a  distance  of  625  miles, 
in  00  hours.  When  it  is  remembered  that 
the  roads  are  rough  camel  tracks  leading 
through  the  deep  sands  of  the  Syrian  des- 
ert and  the  stony  plains  of  Mesopotamia 
the  journey  at  the  rate  of  little  more  than 
ten  miles  an  hour  appears  quite  a  creditable 
performance. 


Marcli  _^.   MHiij. 
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An  Ac{  Fixing  the  Legal  Status  of  Land 

Surveyors  and  Those  Engaged  in 

Certain  Branches    of  Civil 

Engineering  in  Idaho. 

SkiTIOn  1  \ll  ;urv  II.  iKri-.illcr  iloir- 
iiiK  to  cMKiiKi-  in  l:iiul  surveying,  topo- 
KHipliic  iiiKiiutrinK.  Iivdmtilic  and  hydro- 
k;rapliic  cnKiiict-rinK.  oinstriii-lion  and  dc- 
-ik'ninK  rnKini-vrinK  >>r  adinini-itralivt-  irri- 
«aiuin  i-MKint-iTiin  Min>l,  licfori'  i-iiKaK'i'K 
Ml  >iicli  work,  saiiify  a  lioard  to  la-  known 
;is  ihc  Board  of  KxaniiiiiiiK  I'-Msjinccrs.  who 
liall  consist  of  the  State  I^nijineer  and  two 
■iIkt  civil  cnKiiu-crs  of  thoniiiRh  Irain- 
iiiK  and  experience  to  be  appointed  liy  tin- 
(lovernor  and  10  serve  without  compensa- 
tion, that  they  are  competent  and  capable 
of  performinK  the  class  of  w,  rk  in  which 
they   desire  to  eUHnge. 

Ski-.  2.  The  Board  of  Hxaniining  F-'ngi- 
neers  may  adopt  all  rules  and  regidatious 
necessary  to  the  proper  carrying  out  of  the 
provisions  of  this  Act  and  after  satisfying 
itself  by  conducting  examinations  or  by 
investigations  of  the  record,  training  and 
experience  of  those  who  may  desire  to 
ipialify,  shall  grant  licenses  as  lu-reinafliT 
provided. 
I  Sec.  .1.  Where    in    the    opinion     of     the 

Board  of  Kxamining  Engineers  it  is  neces- 
sary to  examine  the  applicant,  written  ques- 
tions shall  W  submitted,  which  shall  be 
answered  in  writing.  The  examination  to 
be  given  by  the  Board  shall  cover  the  fol- 
lowing subjects,  according  to  the  class  of 
license  sought  by  the  applicant.  Applicants 
for  license  of  the  first  class  shall  be  ex- 
amined as  to  their  knowledge  of  plane  and 
topographic  surveying,  hydraulics,  compu- 
I  tation  of  earth  work,  designing  of  irrigation 
works  and  structures,  construction  work 
and  irrigation  law  and  practice.  .-\ppli- 
cants  for  license  of  the  second  class  shall 
be  examined  as  to  their  knowledge  of  plane 
anil  topographic  surveying.  hy<lraulics.  com- 
putation of  earth  work  and  designing  of  ir- 
rigation works  and  structures.  .Applicants 
for  license  of  the  third  class  shall  be  ex- 
amined as  to  their  knowledge  of  plane  and 
topographic  surveying,  and  hydraulics.  .Ap- 
plicants for  license  on  the  fourth  class  sh.ill 
•  examined  as  to  their  knowle<lge  of  plane 
t'l  topographic  surveying,     .\pplicants  for 

I  use  of  the  fifth  class  shall  be  examined 
-  to  their  knowledge  of  plane  surveying. 

Skc.   1.   Persons  holding  licenses  granted 

Mudcr  the  provisions  of  this   .Act    shall   be 

r.uike<l  in  the  following  classes.     .A  license 

'   the  first  class   shall  entitle   the   licensee 

perform  all  engineering  work  in  conner- 

II  with  irrigation  etilerprises  ami  .ill  work 
iierally  engaged   in  by  civil   engineers   in 

practice  of  their  profession.  .A  license 
the  second  class  shall  entitle  the  licensee 
perform  construction  and  designing  en- 
gineering work.  .A  license  of  the  thirl 
.I.iss  shall  entitle  the  licensee  to  perfonu 
hydraulic  and  hydrograpliic  engineering.  A 
license  of  the  fourth  class  shall  entitle  the 
licensee  to  perform  lopogra|>liic  engineerir'- 
-A  license  of  the  llfih  class  shall  cntM.    •!•.■ 


licensee  to  practice  land  surveying.  The 
holder  of  a  license  of  any  class  shall  also 
be  deemed  to  he  the  holder  of  a  license  in 
each  inferior  class  herein  provided. 

Skc.  5.  Bcfr<re  obtaining  license  appli- 
cants shall  hie  with  the  Board  of  Examin- 
ers an  official  bond  in  the  sum  of  $.Vm)  run- 
ning to  the  State  of  Idaho,  conditioned  up- 
on the  faithful  performance  of  all  work  to 
be  done  uniler  and  by  virtue  of  the  license 
applied  for.  together  with  the  official  oatl. 
properly  sid)scribed  and  shall  pay  a  license 
fee  of  $.i.nn.  .A  licensee  under  one  cljiss  de- 
siring to  obtain  license  under  another  class 
may  do  so  by  passing  the  refpiired  examin- 
ation and  by  paying  an  additional  fee  of 
$1.0<\ 

Skc.  ti.  ,\ll  persons  at  the  time  this  .Act 
shall  become  eflfective,  holding  a  land  sur- 
veyor's license  under  the  provisions  of  Sec- 
tions HOI.  II112.  UO-T  1404.  1405.  14u(i,  14117 
1408,  140!).  1410.  Political  Code.  Revised 
Codes  of  Idaho,  shall  be  considered  as  hold- 
ing a  license  of  the  fifth  class  hereinbefore 
providcfl   for. 

Sec.  7.  Licenses  issued  in  accordance 
with  this  .Act  shall  remain  in  force  until 
revoked  for  cause  as  hereinafter  provided 
Sec.  8.  I'pon  failure  of  any  licensee  un- 
der this  .Act  to  keep  his  official  bond  in  full 
force  and  eflfect  or  to  comply  with  the  re- 
quirements of  this  Act  or  to  furnish  sub- 
stantial proof  of  such  compliance,  the  State 
Engineer  must  revoke  his  license  and  no  li- 
cense shall  be  issued  to  him  within  one  year 
from  such   revocation. 

Sec.  0.  .All  papers  received  by  the  State 
Engineer  on  application  for  license  shall  be 
kept  on  file  in  his  office  and  a  proper  index 
and  record  thereof  shall  be  kept  by  him 
and  he  shall  keep  a  list  of  all  licenses  under 
thic  .Act. 

Sec.   10.  Every    licensee    under    this    .Act 
is  hereby  authorized  to  make  surveys  rel- 
ative  to   the  sale   or   subdivisions  of   land 
and   retracing  or   establishing  all   property 
or    boundary    lines,    public    roads,    streets, 
alleys   or  trails;   and   it   shall   be  the  duly 
of  any    licensee   under   this    .Act    whenever 
making  any  such  surveys  except  those  rel- 
ative   to    the    retracing    or    siibdivisinn    of 
cemetery  or  town  lots,  whether  the  survey 
he  made  for  private  persons,  corporations, 
cities  or  counties,  to  set  permanent  and  re- 
liable   monuments,    and    such    monuments 
nuist   be  set   and  marked   according  to  in- 
structions  contained   in   the   manual   issued 
by    the    Deparlment    of    the    Interior    with 
the  additional  characters   "L.   S."     On   the 
completion  of  any  survey  as  in  this  Section 
providerl  the  licensee  performing  such  sur- 
vey shall  file  with  the  County  Surveyor  of 
the  Comity  in  which  such  snr%'cy  has  been 
made,  a  full  aiul  complete  copy  of  all  field 
notes  made  in  connection  with  such  survev 
Ski-.   II    Any  person  not  a  licensee  under 
this  .Act  who  shall  set  any  monument   for 
the  purpose  of  establishing  an  old  or  lost 
corner  of  any  public  survey  shall  be  guilty 
of  a  misdeamor  and  upon  conviction  thcrc- 
•  >f  shall  be  punished  by  a  fine  not  exceeding 


fifty  dollars  or  by  imprisonment  in  the 
Count)  I  :i|  not  exceeding  Mi  days.  o<- 
by  both  such  fine  and  imprisonment. 

Sec.  12.  Every  licensee  under  this  .Act  is 
authorized  to  take  testimony  to  identify  or 
establish  old  or  lost  corners,  or  to  perpet- 
uate a  corner  that  is  in  a  perishable  condi- 
tion or  whenever  the  importance  of  the 
survey  makes  it  desirable,  and  to  administer 
oaths  to  assistants  for  the  faithful  perfor- 
mance of  duty.  .A  record  of  such  oaths 
shall  l)c  kept  as  part  of  the  field  notes  of 
the  survey. 

Sec.  13.  After  June  1.  1900.  no  work  re- 
quired by  statute  to  be  done  by  a  surveyor 
or  by  an  engineer,  meaning  one  engaged  in 
the  practice  of  civil  engineering,  shall  be  le- 
gally valid  unless  performed  or  directed  by 
a  licensee  under  this  .Act.  holding  a  license 
of  the  proper  class,  permitting  him  to  per- 
form the  class  of  work,  the  legal  validity  of 
which  it  is  desired  to  establish. 

Se(.  14.  Sections  1401.  14i>2.  14(i.'?.  I4114, 
140.^  140fi.  1407.  1408,  I40!>,  UIO,  Political 
Code  of  the  Revised  Codes  of  Idaho,  are 
hereby   repealed. 


A   New   Derrick    or   Cableway    Skip. 

We  illustrate  herewith  a  new  cableway  or 
derrick  skip  invented  by  Willard  ()  Lock- 
wood  of  Schenectady.  N.  Y.  The  two  dis- 
tinguishing features  of  this  skip  are  the 
bail  to  lift  it  and  the  automatic  door  to 
make  the  skip  a  closed  box.     Some  of  the 


Skip    with    Automatic    Door. 

advantages  claimed  for  this  skip  are  that 
owing  to  the  use  of  the  bail,  time  is  saved 
in  picking  up  the  skip  as  there  is  one  less 
hook  to  connect  and  the  bail  is  in  position 
to  be  connected  at  once.  Owing  to  the 
door,  rocks  and  material  cannot  fall  out 
of  the  skip,  thus  interfering  with  the  men 
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working  under  it  and  causing  5nnie  of  ilu-ni 
to  be  injured. 

In  loading  large  boulders  into  the  skip 
the  bail  is  swung  back,  causing  the  door  to 
open  wide,  thus  allowing  the  boulder  to 
be  rolled  onto  the  pan  by  hand.  In  case 
of  loading  with  a  steam  shovel,  chains  are 
used  to  support  the  door,  so  the  bail  can 
be  swung  to  the  point,  leaving  a  wide  open 
skip,  but  closed  on  all  sides. 

This  skip  has  been  used  on  the  New  York 
State  Barge  canal  on  a  Lidgerwood  cable- 
way  costing  about  $8,000.  It  is  stated  that 
the  capacity  of  the  cableway  was  doubled 
by  the  use  of  this  skip,  without  increasing 
the  payroll  one  cent.  The  skip  is  dumped 
automatically  by  the  hoisting  engineer. 

The  skip  is  manufactured  by  the  Cock- 
burn  Barrow  and  Machine  Co..  30  Church 
street.  New  York  Citv. 


LETTERS  TO  THE  EDITORS. 


The    Economy    of     Contract     Work 
Compared  with  Day  Labor  Work. 

Sirs :  I  have  been  much  interested  in 
the  many  useful  and  instructive  articles  in 
Engineering-Contracting  and  in  the  dis- 
cussions by  the  editor.  However,  I  have 
been  a  little  confused  by  the  stand  he  takes 
on  contract  work  vs.  day  work.  I  have 
been  a  civil  engineer  for  over  25  years. 
Three  years  of  that  time  I  was  a  member  of 
a  contracting  firm.  I  have  built  a  good  many 
miles  of  railroad  and  done  many  sorts  of 
work  by  both  contract  and  the  day  labor 
systems.  I  have  advised  my  employer  on 
three  occasions  to  do  work  by  day  labor, 
and  believe  it  was  to  his  interest  to  do  it 
that  way.  As  contractors,  we  had  some 
work  in  Wyoming  which  we  had  offered 
subs  our  full  price  to  do,  and  no  one  would 
attempt  it.  I  took  the  forces  of  three  subs, 
put  them  at  work  on  a  day  rate,  made  the 
foreman  look  to  me  for  orders,  and  in  the 
end  made  a  good  profit  on  the  job.  I  have 
done  three  jobs  by  force  account  for  the 
railroads  employing  me.  and  the  work  in 
each  case  cost  less  than  contractors  asked 
for  doing  the  work. 

A  contractor  will  pay  me  $50  or  $60  per 
week,  straight  time,  while  he  can  employ 
foremen  for  $2.50  per  day.  Does  he  not 
think  me  worth  more  than  the  foreman  ? 
Why  should  I  not  handle  my  work  more 
economically.  In  the  Journal  of  the  Asso- 
ciation of  Engineering  Societies  about  20 
years  ago  will  be  found  an  account  of  sortie 
work  done  by  force  account  at  St.  Louis 
which  cost  far  less  than  the  lowest  bid  a 
contractor  would  make.  Also,  the  rebuild- 
ing of  the  chimney  of  a  power  house  de- 
stroyed by  the  St.  Louis  cyclone,  described 
by  Col.  E.  D.  Mier  in  the  same  journal  in 
1896-7,  shows  a  similar  result. 

Is  it  not  the  engineers  of  the  land  who 
have  cheapened  the  methods  of  construc- 
tion and  bettered  the  ways  of  handling 
material  along  our  railroads? 

I  am  vain  enough  to  Iiclieve  that   I   can 


take  a  contractor's  force  and  increase  his 
output  over  his  $2.50  foreman.  I  can  take 
his  force  and  move  more  material  than  he 
does,  unless  it  be  a  job  where  they  are 
engaged  in  killing  off  their  mules.  I  can- 
not take  their  outfit  and  do  more  work.  I 
cannot  work  such  an  outfit  at  all. 

Perhaps  I  fail  to  get  the  drift  of  your 
arguments.  My  experience  as  an  engineer, 
and  as  a  contractor,  leads  me  to  think  that 
where  bidding  is  unrestricted  and  work  let 
to  the  lowest  bidder,  that  nothing  but  evil 
and  trouble  results.  I  have  in  mind  a  case 
where  a  contract  was  let  to  a  man  for  a 
freight  house  to  cost  $17,800.  The  other 
bidders  clustered  about  $20,000,  and  the 
house  was  delayed  five  months  beyond  the 
time  of  completion,  the  superintendent  was 
kept  on  the  work  this  length  of  time,  the 
estimates  were  tied  up,  the  company  was 
out   of   the  use   of   the  building   and    work 


l)e  a  true  test  of  efficiency.  Railway  com- 
panies have  learned  this  lesson,  and  they 
rarely  do  construction  work  with  "company 
forces."  When  they  do  attempt  it  on  any 
large  scale  their  records  prove  the  folly  of 
the  attempt.  The  writer  has  not  one  but 
hundreds  of  such  records  of  actual  cost  of 
"company  force"  work,  covering  construc- 
tion on  ten  different  railways,  and  his  con- 
clusions are  therefore  based  upon  no  mere 
theory. — Editor.] 


I 


An  Adding  and  Subtracting    Scale. 

We  illustrate  on  this  page  an  adding 
and  substracting  scale  for  fractions  that 
will  no  doubt  be  found  useful  to  engineers 
and  contractors.  It  is  made  of  celluloid, 
printed  in  plain  figures  and  will  fit  in  the 
vest  pocket.  To  use  it  is  very  simple,  and 
the  results  are  shown  in  fractions  and 
their   decimal   equivalents.     The  inner   disc 


Adding   and   Subtracting    Scale  for   Fractions. 


was  not  so  well  done  as  would  have  been 
by  others,  and  in  the  end  several  com- 
promises were  made  in  order  to  get  the 
liiiilding  at  all.     Yours  truly, 

R.MLw.w  Engineer. 
[There  is  no  doubt  whatever  that  civil 
engineers  frequently  make  excellent  super- 
intendents of  construction  work.  Indeed, 
that  is  one  of  the  lines  of  occupation  into 
which  many  engineers  have  been  going  and 
will  continue  to  go.  The  point  that  we  have 
been  urging  is  not  that  engineers  are  in- 
capable of  managing  work  economically, 
hut  that  no  man,  engineer  or  what  not,  can 
get  other  men  to  do  their  best  when  those 
other  men  know  that  their  pay  is  coming 
directly  from  the  ricli  government  or  the 
rich  railway  company.  This  obstinate  re- 
sistance to  doing  a  good  day's  work  for 
the  government  ultimately  breaks  down  the 
strongest  determination  on  the  part  of  the 
engineer  or  manager  who  is  superintending 
the  construction  in  behalf  of  the  govern- 
ment. He  may  start  out  with  the  best  of 
intentions,  but  invariably  he  finds  himself 
yielding  to  the  inertia  of  laziness  that  op- 
poses him,  if  the  work  lasts  long  enough  to 


revolves  on  the  outer  one  and  the  cut  on 
the  inner  disc  shows  the  results.  Frac- 
tions of  one  inch  can  also  be  transposed 
into  decimals  by  this  scale.  Mistakes  will 
be  avoided  by  the  use  of  this  scale.  The 
inventor  is  E.  F.  Chandler,  but  the  scale 
is  sold  by  J.  S.  Barron,  Barron  Bldg..  New 
York  city.     The  price  is  $1. 


According  to  the  Statistical  Abstract  for 
1903,  issued  by  the  London  (England) 
County  Council,  the  ratable  value  of  Lon- 
don is  $221,000,000  and  the  number  of  rated 
houses  632,591.  The  amount  of  loans  out- 
standing on  the  credit  of  the  rates  was  in 
1907  $542,700,000.  In  1900  the  total  was 
$221,300,000.     Other  figures  for  1908  are : 

Parliamentary  electors 666,833 

County   Council    electors 816,593 

Children  at  elementary  schools..        726,538 

L.  C.  C.  tramway  receipts $8,350,000 

Letters    delivered 771,200,000 

Post  cards  delivered 191,600,000 

In  1907  there  were  8,774  acres  of  agricul- 
tural land  in  the  county  of  London,  includ- 
ing 272  acres  of  corn.  The  number  of  cat- 
tle was  4,227,  of  sheep  3,374,  and  of  pigs 
2,038. 
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The    Value    of    Deposits    of    Cement 
Materials. 

One  of  the  ■iiu~iiMiw  often  asked  the 
editor  of  rnginecring  and  cement  trade 
papers  rnn»  something  as  follows:  "I  own 
a  tract  of  land  on  which  there  is  a  large 
deposit  of  marl  and  clay  which  I  am  told 
IS  suitable  for  the  manufacture  of  cement. 
What  is  the  value  of  such  a  deposit  and 
tnn  yon  refer  me  to  persons  who  are  in 
a  p<isition  to  develop  it?"  Sometimes  it 
is   .1    ilM>ii>,ii    iif  "i-i'ini'iit    ri"k"   nr   of   liiiu- 


stone  and  shale  that  has  been  "discovered," 
but  the  underlying  idea  of  (he  query  is 
always  (he  same.  It  is  that  there  is  great 
intrinsic  value  in  a  deposit  of  materials 
from  which  cement  can  be  made.  The  cr- 
lor  of  this  idea  would  lie  of  small  conse- 
quence had  it  not  been  seized  upon  by 
promoters  as  an  opportunity  to  linance 
ctnicnt  manufacturing  companies  of  doubi- 
f'.il  value.  This  has  been  done  to  the  det- 
riment of  legitimate  enterprises  and  to  the 
loss  of  honest  investors,  and  it  deserves 
coinin-jnt. 

There  is  small  intrinsic  value  in  a  de- 
I'osit  of  materials  from  which  cement  can 
lie  made.  Such  materials  are  very  com- 
mon and  are  widely  distributed.  They 
tan  be  purchased  in  hundreds  of  places 
for  from  live  to  fifty  dollars  an  acre.  The 
linancial  success  of  a  cement  works  de- 
pends on  other  things  than  the  availabil- 
ity of  suitable  raw  materials.  There  are 
plenty  of  them  north,  south,  east  and  west, 
and  they  can  be  bought  cheaply — for  a  song 
in  many  localities.  It  is  not,  therefore, 
physical  availability,  but  commercial  avail- 
ability that  makes  a  deposit  of  cement  ma- 
terials possible  for  cement  manufacture. 
We  will  try  briefly  to  demonstrate  this 
fact. 

Considering  first  the  physical  and  chem- 
ical character  of  the  raw  materials,  it 
lakes  only  a  few  small  differences,  either 
I  hcmically  or  physically,  to  make  one  de- 
posit a  good  cement  material  and  another 
deposit  a  poor  cement  material.  Cement 
(.an  be  made  from  both,  but  cement  can 
l;e  made  so  much  cheaper  from  one  than 
It  can  be  made  from  the  other  that  the 
la«t  cannot  compete  commercially  with  the 
iirst,  other  things  being  equal.  .\  small 
increase  in  the  moisture  content,  a  little 
greater  hardness,  slightly  more  irregular- 
ity of  composition,  a  small  over-content 
of  alumina  or  magnesia,  a  half-dozen  oth- 
er differences  will  rule  one  deposit  out 
of  consideration  as  compared  with  anoth- 
er deposit.  A  manufacturer  must  not  onl> 
lie  able  to  make  cement  from  his  raw  ma- 
terials, but  he  must  be  able  to  make  it 
as  cheaply  as  any  other  manufacturer  op- 
erating under  the  same  market  conditions. 
Because  of  this  fact  the  almost  infinite 
number  of  rav.  materials  from  which  ce- 
ment can  he  made  is  reduced  by  com- 
mercial conditions  to  a  very  few  in  actual 
pr.'ictice. 

Vow  let  us  go  another  step  .\  che.ip. 
suitable  fuel  is  almost  as  important  for 
the  commercial  production  of  cement  as 
is  a  suitable  deposit  of  raw  materials.  It 
lakes  about  200  lbs.  of  coal  to  make  a 
Kirrcl  of  cement,  and  a  good  power  coal 
is  required,  so  that  many  coals  and  par- 
ticularly many  western  coals  arc  not  suit- 
able. .'\  deposit  of  cement  materials  to  be 
lommcrcially  available  for  cement  manu- 
facture must  1k"  able  to  comm.ind  a  regu- 
l:ir  supply  of  good  fuel  al  a  reasonable 
price.  In  .some  of  the  eastern  cement  re- 
uiDiis    siii'h    I'ii.'il    r.'in    III'    I.'tiil     i!i)\vii    :i1    tlu' 


mill   for  $1.50  a  ton.     This  is  an  unusual 
ligure,  but  it  is  given  to  show   wh;i' 
petition  has  to  be  met  on  occasion 

.Assuming  that   the  particuLi:  A 

cement    materials    meets    the    :  its 

of  quality  and  of  cheap  fuel  supply,  the 
next  question  is,  can  Ihe  cemciii  be  got 
to  the  market.  Cement  is  a  bulky  prod- 
uct and  it  is  a  cheap  product,  and  it  will 
not  stand  heavy  transportation  charges. 
But  more  than  this,  tr:in>portaiion  must  be 
::\.iilablc  to  the  leading  markets.  Local 
markets  seldom  warrant  a  large  cement 
mill,  the  big  outside  markets  must  be 
reached  and  as  these  are  competitive  mar- 
kets they  must  be  reached  at  a  cost  as 
low  as  they  can  be  by  the  nearest  compet- 
ing mill.  If  there  is  only  one  line  of  rail- 
way to  this  market  the  new  mill  is  at  a 
disadvantage,  compared  with  the  compet- 
ing, mill  which  has  a  choice  of  two  lines. 
The  competing  mill  can  get  cheaper  rates 
and  better  service.  It  counts  very  little 
how  cheaply  cement  can  lie  made  if  it  can- 
not be  got  to  the  market  cheaply  enough 
to  enable  its  profitable  sale  at  competitive 
market  prices. 

In  the  foregoing  we  have  barely 
touched  on  some  of  .  the  considerations 
which  have  to  be  taken  into  account  by 
the  owner  of  a  deposit  of  "cement  ma- 
terials" who  has  been  led  to  consider  the 
development  of  the  deposit.  They  should 
be  sufficient  to  show  that  many  things  lie 
between  a  bed  of  marl  and  clay  or  an 
outcrop  of  cement  rock  and  a  marketable 
Portland  cement.  In  conclusion,  we  will 
quote  the  words  of  a  high  authority  on 
the  promises  of  success  in  cement  manu- 
facture : 

*"0n  going  over  a  long  series  of  records 
concerning  cement  companies  which  have 
li'-en  organized  during  the  past  five  years, 
certain  ratios  of  success  seem  to  be  fair- 
ly wel'  established.  These  may  be  sum- 
marized as  lollows: 

"1.  Of  one  hundred  cement  companies 
taking  out  charters,  over  half  will  fail  to 
sell  sufficient  stock  to  even  commence  ac- 
tual construction.  In  these  cases  the  stock 
purchaser  may  receive  back  some  of  his 
money. 

"?.  Of  the  plants  which  begin  con- 
struction, about  half  are  unable  to  com- 
plete it  without  reorganization  and  new 
security  issues. 

"3.  .Alxjut  2"i  per  cent  of  the  plants 
which  .nctually  get  to  the  operating  stage 
default  on  their  liond  issue  at  some  time 
during  the  first  five  years  of  their  his- 
tory, or  are  prevented  from  such  default 
only  by  the  issue  of  secured  notes  or  oth- 
er securities  paid  for  by  the  stockhold- 
ers. 

"4.  Of  each  hundred  companies  organ- 
ized, not  over  five  will  ever  pay  dividends 
lo  the  original  stockholders  sufficient  to 
make  a  fair  interest  return  on  the  invest- 
ment. 

•The  Portlnml  Cement  Industry  from  a 
Klri:inr-I:il    St»nil|io|nt."    I>v    E.    C.    Eckel. 
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Concrete  and  Reinforced  Concrete  Section 


Note: — This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  cover  the  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mixing,  transportation  and  placing;  fabrication  and  placing  of  reinforcement, 
and  form  construction  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


A  Comparison  of    Costs  of   Concrete 

Buildings  in  Terms  of  Square  Foot 

of  Floor  and  Cubic  Foot  of 

Enclosed  Space. 

A  common  method  of  stating  the  cost 
of  buildings  for  approximate  estimates  and 
comparisons  is  in  terms  of  dollars  per  square 
foot  of  floor  or  cents  per  cubic  foot  of  space 
inclosed.  Either  unit  has  been  supposed  to 
be  reliable  one  for  approximate  compari- 
sons and  both  have  been  used  frequently 
to  prove  in  individual  cases  the  economy  or 
the  high  cost  of  construction  work.  In 
view  of  these  facts  the  following  compari- 
sons made  by  Mr.  Leonard  C.  Wason,  pres- 
ident, Aberthaw  Construction  Co.,  Boston, 
Mass.,    will    be    of    decided    interest.      In 


basis  as  regards  the  amount  of  work  done 
on  each. 
The  first  table  consists  of  the  total  cost 


where  the  difference  was  not  as  a  rule 
very  great.  The  third  and  fourth  tables 
are  bona  fide  bids  on  work  by  another  con- 
tractor whose  experience  was  similar  to 
that  of  Mr.  Wason's.  As  a  rule,  cubic  foot 
measurements  are  given  in  cents  only,  sel- 
dom being  carried  to  any  closer  sub-divi- 
sion. In  reference  to  Table  IV.  on  second 
class  buildings,  it  will  be  noted  that  for  the 
largest  building  a  variation  of  1  ct.  per  cu. 
ft.,  amounts  to  over  $28,000,  while  the 
smallest  one  in  the  list  amounts  to  only  a 
little  over  $5,400.  Again,  on  the  last  three 
items,    the    cubic    foot   price    is   practically 


TABLE    III.— COST    OF    FIREPROOF   BUILDINGS. 


Kind   of   building.  Cost. 

Office   building    $  70,690 

Cold    storage 132,365 

Hospital    44,451 

Hospital    51,574 

Bank    65.580 

Masonic     180,197 

Warehouse    31.280 

Garage   59,105 

Warehouse    275,723 

Hotel    220,646 

Hospital    49.724 

Office    25.151 

Cold    storage    82.711 

Club    43,586 

Office    60,003 

Highest    

Lowest    

Average    

Per  cent  variation,   high  and  low. 


Volume 

in  cu.  ft. 

441,000 

1,016,400 

348,320 

414.732 

533,750 

1,479,456 

259,700 

497,420 

2.597.000 

2,116.106 

485,789 

264,687 

909.240 

513,808 

501,575 


TABLE    I.— COST    OF  FIREPROOF  COMPLETED  CONTRACTS. 


Kind    of    building.  Job  cost. 

Offices  and  stores $181,194 

do 61,646 

Factory    12,774 

do         44.652 

do         39,830 

Garage    10.436 

Filter    19.993 

Fire  station    6,757 

Observatory    3,625 

Filter    20.076 

Highest    

Lowest   

Average    


Volume 

in  cu.  ft. 

1,365,830 

496.780 

112,440 

746,674 

312.000 

156.198 

149,250 

44,265 

9,734 

59,991 


Floor  area 

in  sq.  ft. 

90,474 

39,840 

7,519 

49.546 

24,960 

10,806 

19,208 

2.982 

657 

5,243 


Unit  cost 

per  cu.  ft. 


$0,133 
.124 
.114 
.060 
.127 
.085 
.134 
.153 
.373 
.333 
.333 
.06 
.138 


per  sq.  ft. 
$2.00 
1.545 
1.70 

.902 
1.60 
1.23 
1.04 
2.26 
5.45 
3.82 
3.82 

.90 
1.72 


identical,  while  the  square  foot  measure- 
ments corresponding  vary  by  more  than 
100  per  cent,  with  no  easily  apparent  rea- 
son  in  the   design. 

In  Table  III.  another  discrepancy  is  no- 
ticed. In  the  first  and  the  last  items,  the 
highest  and  the  lowest  per  cubic  foot,  as 
well  as  per  square  foot  are  on  office  build- 
ings of  similar  type  which  were  within  one 
mile  of  each   other  where   there  is   no  ap- 


preparation  for  a  study  of  the  figures 
given  it  is  important  to  note  that  Mr. 
Wason's  conclusions  are  that,  after  making 
this  comparison  he  is  convinced  that  neither 
method  is  accurate  enough  to  put  much 
reliance  on,  but  that  the  square  foot 
method  is  a  little  safer  than  the  other. 

The  comparative  figures  compiled  by  Mr. 
Wason  are  given  in  Tables  I.  to  IV.  in- 
clusive.    In    each    case   the    total   cost    in- 


TABLE  IV.— COST  OF  MILL  CONSTRUCTION  OR  SECOND-CLASS  BUILDING. 


Volume 

Kind  of  building.                               Cost.  in  cu.  ft. 

Mill    $  66,516  544,788 

Warehouse    337.000  2,808,850 

Mill    113,288  1,271,300 

Storehouse     101,098  1,714,448 

Mill     90,703  1,622.128 

Mill    72.048  1.331.200 

Mill     85,754  1,752.609 

Mill    122,128  2.641.000 

Mill     94,341  2,036,731 

Mill    129.405  2.867,535 


Floor  area 
in  sq.  ft. 
44,172 


Unit  Cost 

per  cu.  ft.     per  sq.  ft. 


129,920 

168,696 

152,200 

83.200 

81.500 

98,059 

174.000 

157.730 


$0,122 
.12 
.0891 
.059 
.056 
.054 
.048 
.046 
.046 
.045 


Highest    122 

Lowest     045 

Average   069 


$1.51 

'  .875 
.60 
.60 
.865 

1.05 

1.25 
.542 
.82 

1.51 
.542 
.90 


TABLE    II— COST    OF    FIREPROOF   COMPLETE  BUILDINGS. 

Kind    of    building.  Job  cost. 

Storehouse    $141,755 

Hospital     60,800 

Office   building    61,646 

Cold  storage 200,051 

Factory    19,292 

do         141,529 

Storehouse    76,796 

Mfg.    building    91,377 

Office     136,880 

Factory    13,064 

do  75,604 

do  23.332 

Highest  

Lowest    

Average    


Volume 
in  cu.  ft. 

Floor  area 
in  sq.  ft. 

Unit  cost- 

per  cu.  ft.     per 

SQ.  ft. 

1,714,448 

168,696 

$0.0827 

$0.84 

703.692 

57.654 

.0865 

1.05 

496,780 

39,840 

.124 

1.545 

1.535,000 

154,000 

.13 

1.30 

212,400 

15,000 

.091 

1.28 

1,327.868 

106,022 

.107 

1.335 

1,140.000 

146,000 

.0685 

.575 

1.380,500 

90,240 

.067 

1.01 

693.840 

56.552 

.197 

2.42 

105.600 

8,800 

.124 

1.485 

1.211.364 

74.604 

.0625 

1. 01 

180,000 

16.394 

.129 

1.42 

.197 

2.42 

.0625 

.575 

.1088 

1.27 

chides  masonry  and  carpentry  work  with- 
out interior  finish  or  decorating,  plumbing 
and  heating.  The  effort  has  been  made 
to    put    the    buildings    upon    a    comparative 


of  actual  contracts  executed.  The  second 
table  consists  of  bona  fide  bids  on  com- 
plete buildings  on  which  Mr.  Wason's 
company  were  not  the  lowest  bidders,  but 


parent  reason  for  such  discrepancy  in  the 
design  or  difficulty  of  access  in  the  erection 
of  the  building. 


The  Ministry  of  Ways  and  Communica- 
tion of  Russia  has  under  consideration 
the  extension  of  several  railways  during 
the  year  1909,  and  to  that  end  proposes 
an  expenditure  of  $30,2.")0,000,  partly  as  fol- 
lows:  The  Amur  Railway,  $7,650,000;  re- 
construction of  the  hilly  part  of  the  Si- 
berian Railway,  $5,600,000,  and  for  a  sec- 
ond track  of  the  same,  $6,630,000;  com- 
pletion of  the  Ekaterinburg-Perm  line, 
$2,900,000;  for  the  construction  of  a  new 
bridge  across  the  Volga,  near  Yaroslav, 
$."il5,000.  etc. 
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Method    and  Cost  of    Constructing   a 

Concrete  Core    Wall  for 

Wing  Dam. 

This  article  covers  the  cuiislructioii  ol 
2.184  ft.  of  core  wall,  being  a  portion  ul 
a  wall  which  will  ultimately  be  2\i  miles 
long.  This  wall  was  liiiill  aloiiR  the  toe 
on  the  pool  sides  of  a  rocl^fill  dam  in  n 
trench  excavated  to  solid  rock.  The  face 
of  the  wall  has  a  hatter  of  3%  in  12  and 
the  l>ack  conforms  to  the  face  of  the  side 
of  the  trench  below  water  and  is  prac- 
tically vertical  above  water,  being  2  ft 
wide  on  top.  Level  with  the  top  a  t>in. 
concrete  apron  extends  back  20  ft.  over 
ttic  top  of  the  rock-fill  dam.  The  wall 
varies  in  height  from  10  to  21  ft.  It  was 
biiil;  of  l-o  gravel  concrete  and  is  rein 
forced  as  follows :  .\  longitudinal  line  of 
old  -.tcol  l)ars  was  placed  in  the  center 
of  the  wall  »>  ins.  below  the  top.  Over 
this  horizontal  bar  were  hooked  vertical 
bars  spaced  o  ft.  apart.  This  reinforcement 
was  used  principally  to  anchor  down  any 
pieces  of  the  wall  top  which  might  break 
away. 

Forms. — .As  fast  as  the  dipper  dredge 
opened  the  footing  trench  to  rock.  2-in. 
hoL's  10  ft.  apart  were  drilled  into  the 
ledge.  Uprights  of  6x8  in.  timbers  having 
2-in.  rods  o  ft.  long  bolted  to  the  bot- 
toms were  erected  by  inserting  the  rods 
in  the  drilled  holes-  and  bracing  the  tops 
back  to  posts  set  into  the  rock-till  dam. 
The  uprights  were  set  to  the  inclination 
of  the  face  of  the  wall.  Waling  pieces. 
6.\li  ins.xD!  ft.  were  connected  several 
end  to  end  by  bevel  joints,  with  one  bolt 
in  each  so  the  joint  would  be  flexible.  The 
several  lengths  of  waling  pieces  were  thus 
connected  inside  the  uprights.  .-V  vertical 
plank  was  then  bolted  to  the  waling  near 
a  joint  and  by  it  the  joint  was  pushed 
down  under  water  3  ft.  and  a  second  wal- 
ing was  lK)ltcd  to  the  plank  at  the  surface 
of  the  water.  Other  planks  were  then  bolt- 
ed to  the  first  waling  at  the  joints  on 
each  side  of  the  joint  first  sunk  and  these 
joints  were  in  turn  pushed  down  3  ft., 
permitting  the  second  waling  to  be  bolted 
to  the  planks.  In  this  manner  one  waling 
after  another  was  added  at  3-ft.  intervals 
until  the  first  waling  had  been  pushed  down 
to  rock.  The  walings  were  not  fastened 
to  the  uprights  as  the  up-thrust  of  the 
water  pushing  them  against  the  slant  of  the 
uprights    held    them    fast. 

The  lagging  consisted  of  vertical  2.\12- 
in.  planks,  set  close  inside  the  walings: 
these  planks  were  nailed  to  the  top-most 
waling,  but  were  not  fastened  to  the  lower 
walings. 

The  forms  were  built  around  curves 
without  alterations  as  the  one-bolt  waling 
joints  gave  considerable  flexibility.  Ordi- 
narily, the  wall  was  concreted  in  alter- 
nate 30  to  50- ft.  sections.  The  forms  were 
built  continuously  in  a<lvance  and  torn 
down  behind  as  fast  as  the  concrete  5ct. 
At  the  ends  of  sections  of  wall,  transverse 
bulkheads  were  built   inside  the  form  and 


L.tiiidniK  recess  InniH  la-leiied  to  them  l<> 
remove  the  forms  the  braces  from  the 
lops  of  the  uprights  were  unbolted  and  the 
whole  form  was  pushed  away  from  the 
wall  and  taken  apart.  As  the  forms  were 
not  naile<l,  except  at  one  point,  as  noted 
above,  the  lumber  was  but  little  damaged 
and  with  the  addition  of  a  small  anio'ini 
of  lagging  there  is  enough  lumber  remain- 
ing from  the  form-work  for  the  first  2,184 
it.  iif  wall  to  build  the  remainder  of  the 
wall.  The  form  lumber  was  used  from 
three  to  four  times  on  the  portion  of  the 
wall  that  is  now  completed. 

Concrcling. — The  concrete  mixing  and 
handling  plant  was  mounted  on  an  IXVix 
Umi  ft.  barge.  On  one  end  of  the  barge 
was  a  %  cu.  yd.  Chicago  concrete  mixer 
with  a  gravel  supply  bin  mounted  over- 
head. On  the  opposite  end  of  the  barge 
a  St  iff -leg  derrick,  operated  by  a  bull 
wheel  was  erected.  This  derrick  handled  the 
gravel  from  stock  barges  moored  alongside 
to  the  supply  bin  over  the  mixer,  and  also 
handled  the  concrete  from  the  mixer  into 
the  fomis.  .A  wooden  bottom  dump  buck- 
et was  used  to  deposit  the  concrete  un- 
der water  and  did  the  work  successfully 
up  to  a  depth  of  17  ft. 

/('(;gc.soH</Co.s/.— The  gangs  worked  con- 
sisted for  forms  of  2  carpenters  and  from 
2  to  0  helpers  and  a  drill  boat  crew  set- 
ting uprights,  and  for  concreting  of  usually 
U  men.  including  foreman,  dcrrickman. 
mixerman,  etc.  The  wages  paid  were  as 
follows : 

Drillmen,   per   month $60 

Foreman,   per   month $75 

Overseer,   per    month $125 

Carpenters,  per  day-  • $2.50 

Laborers,  per  day $1  to  $1.25 

.Ml  men  were  subsisted  in  addition  to 
regidar  wages,  which  was  considered  equiv- 
alent to  -50  cts.  per  day  per  man  addition- 
al. The  prices  of  materials  were  as  fol- 
lows : 

Coal,   per    ton  $2.20 

Corrugated   bar-  ..$2.85 

Round    bars  $1.80 

Cement,  per  bbl.,  f.  o.  b.  Moline $1.14 

Gravel,   per   cu.   yd.   on    barge,   towing 

extra    $0.ti5 

Lumber,  per  M.   ft..   B.  M $20.50 

'Vhv  cost  of  the  work  was  as  follows : 

Per 

hem.  Total.        cu.  yd. 

Preliminary    expense.  ..$  9,074.30    $2.0441 

Supt.  .-ind  office 1,798.30      0.4051 

F.xcavation     4fi7..'i0      0.;0.Vt 


teniint    testing 130.08      0.0294 

Gravel     2,84785      n»m5 

Reinforcement  ■     ■ 

Towing     ■ ,    ;  - 

Towing,  coal  for 3i«.a<      0.0852 


Totals    $11,340.10    $2..%54.-. 


Coticrele  work : 
Forms : 
Materials 

I-abor     

Drilling     •  ■ . 

Coal   for  drills. . .  . 


$  2..%7."...30  $0.ri351 

940.0fi  0.2117 

IfiS.lO  0.a379 

94.57  0.0213 


Totals    ..                    $11,635.26  $2.6210 
.Mixing  and  phiLuig  concrete: 

Lalior     $  2.054.60  $0.4628 

Coal                                             283.71  0.0639 


Toials    $2,338.31  0..V267 

Back  filling   $     20.3.64  $0.O4."i9 

Subsistence    .                            1,327.32  <l.2".''.ll 

Plant    repair-                            298.66  0.0673 


Totals    $1,829.62    $0.4123 

Grand       Total 

(4..%39.1  cu  yds.) $30,72 l.:J2    $6.9205 

Regarding  these  items  it  needs  to  be 
noted  that  the  $9,074.30  for  preliminary 
expenses  includes  a  large  number  of  mis- 
cellaneous items,  including  new  machinery, 
erection  of  plant,  etc.,  charged  out  in  full. 
To  compare  the  work  with  a  contract  job 
the  engineer  suggests  taking  this  item  at 
about  $5,000,  which  represents  about  a  2» 
per  cent  depreciation  charge  on  all  plant 
used.  It  should  be  noted  also  that  all 
form  lumber  is  charged  in  full  against 
this  2.178  ft.  of  wall,  yet,  as  stated  above, 
it  is  enough  to  build  the  remainder  of 
the  wall  and  should  ultimately  be  charged 
against  the  total  yardage.  In  the  same 
way  most  of  the  items  constituting  prelim- 
inary charges  must  be  distributed  over  a 
large  yardage  in  addition  to  that  of  the 
wall  already  built. 

The  wall  was  built  by  day  labor,  under 
the  direction  of  J.  B.  Bassett.  M.  Am. 
Soc.  C.  E.,  U.  S.  .Assistant  Engineer.  Rock 
Island,  111.  We  are  indebted  to  Mr.  Bas- 
sett for  the  data  from  which  this  analy- 
sis of  costs  has  been  prepared.  The  dam 
was  a  portion  of  the  Mississippi  improve- 
ment work  at  Moline,  111. 


Totals    $.3,778  03  0.8060 

Concrete  materials : 

Cement     $  7,0.19.48  $I..-.901 

Cement  handling  K.O  11  n o:WI 


On  Feb.  17  14  shovels  in  the  Empire 
District.  Central  Division  of  the  Isthmian 
Canal,  excavated  22,286  cu.  yds.  of  mate- 
rial in  a  working  day  of  eight  hours,  an 
average  of  1,.592  cu.  yds.  per  shovel  for 
the  day,  states  the  Canal  Record.  The 
shovels  were  under  steam  a  total  of  112 
hours  and  were  actually  digging  79  hours 
and  30  minutes.  The  time  not  spent  in 
digging  is  accounted  for  as  follows : 
Cleaning  track,  1  hour  and  25  minutes: 
waiting  for  cars,  23  hours  and  10  min- 
utes; mining,  I  hour  and  .Vi  minutes; 
cleaning  dipper,  1  hour  and  45  minutes: 
repairing  shovel,  3  hours  and  25  minutes ; 
coaling  shovel,  30  minutes;  sliding,  20  min- 
utes. On  Feb.  18.  seven  shovels  in  the 
Tabcrnilla  Construction  District,  Central 
Division,  during  eight  working  hours,  ex- 
cavated 11,450  cu.  yds.  of  material,  an 
average  of  l.KUi  cu.  yds.  per  shovel  for 
the  day.  The  shovels  were  under  steam 
•Vi  shovel-hours  and  were  actually  digging 
I*  Iiiiiir^  .tikI  5  minutes  of  this  time. 
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The  Stress  Sheets  and  Some  Construc- 
tion  Details    of   a    280-ft.    Span 
Rubble  Concrete  Arch  Bridge 
at  Cleveland,  0. 

The  longest  span  concrete  arch  to  be 
actually  placed  under  construction  in  the 
United  States  is  the  280-ft.  arch  bridge 
now  being  built  over  the  gorge  of  Rocky- 
River  on  the  outskirts  of  Cleveland,  O. 
The  bridge  is  a  county  structure  for  high- 
way and  street  car  service.  It  occupies  a 
commanding  position  in  what  is  coming  to 
be  a  fine  residence  district  and  attractive- 
ness of  appearance  is  of  importance.  It 
was  on  this  last  account  that  an  arch  striic- 
ture   of   concrete  was   chosen. 

The  choice  of  a  single  arch  span  flanked 
by  arched  approaches  instead  of  a  two  or 
three  span  structure  was  determined  by 
practical  considerations.  The  ice  floes 
which  come  down  the  river  in  spring  are 
dangerous ;  a  design  requiring  piers  in  the 
river  invited  danger  and  one  calling  for 
a  clear  span  from  bank  to  bank  avoided 
danger.  On  this  count  alone  a  single  span 
bridge  was  preferable.  The  next  consid- 
eration was  that  of  comparative  cost  and 
car-^ful  preliminary  plans  and  estimates 
made  for  a  three-span  bridge  showed  con- 
clusively that  its  cost  would  be  appro.xi- 
mately  the  same  as  that  of  a  single  span 
bridge.  The  evidence  seemed  conclusively 
to  favor  the  single  span  design  and  it  was 
therefore  chosen. 

The  design  finally  worked  out  is  shown 
by  Fig.  1.  A  single  arch  between  heavy 
abutment  piers  280  ft.  apart  spans  the 
.stream  and  carries  a  roadway  on  spandrel 
arches.  This  roadway  is  continued  on  each 
side  by  arch  viaduct  approaches.  It  is  40 
ft.  wide  and  there  is  an  8-ft.  sidewalk  on 
each  side.  The  other  dimensions  are 
given  in  the  drawing,  Fig.  1.  The  main 
arch  consists  of  two  parallel  ribs,  each  22 
ft.  wide  and  11  ft.  thick  at  springing  lines 
and  18  ft.  wide  and  6  ft.  thick  at  the  crown. 
The  space  between  ribs  at  the  crown  is  10 
ft. 

This  same  parallel  twin  construction  is 
carried  all  through  the  main  arch  span 
and  piers.  The  piers  are  made  in  two 
halves  connected  only  by  a  curtain  wall : 
each  half-pier  is  made  hollow  to  save  ma- 
terial. For  50  ft.  each  side  of  the  crown 
the  spandrel  space  over  each  main  arch 
rib  is  filled  by  two  parallel  solid  spandrel 
walls  one  on  each  side  of  the  rib.  The 
spandrel  arches  which  continue  these  walls 
are  each  composed  of  two  parallel  piers 
and  ribs  connected  by  curtain  walls.  The 
space  between  the  two  sets  of  spandrel 
walls  and  arches  over  the  main  arch  ribs 
is  spanned  by  a  reinforced  concrete  slab 
and  girder  platform.  The  approach  arch 
construction  is  similar  to  that  of  the 
spandrel  arches,  viz.,  four  ribs  built  in 
piers  with  a  solid  pier  carrying  each  pier 
and  curtain  walls  and  slabs  connecting  the 
two  piers.  The  slabs  joining  the  roadway 
platform,  those  connecting  spandrel  arch 
rings  and  the  rings  of  the  approach  arches 
are  reinforced,  but  all  the  other  parts  in- 
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clulitiK  the  inaiii  :ircli  nbi  arc  plain  con- 
crete. 

rrnni  the  preceding,  the  general  struc- 
tural features  of  the  Rocky  River  arch  arc 
sufficiently  plain  for  an  understnndinf;  of 
the  stress  computations  which    follow. 

.\fatfrials. — The  concrff  for  the  main 
arch  ribs  is  a  I-L*-l  li  lixturc  capa- 

ble, it  is  considered.  ■••  ;'i"g  strengths 

per  square  inch  on  I'J-in.  cubes  of  2.00U 
lbs.  in  ."»<•  days:  2,600  lbs.  in  three  months, 
and  3,8<X»  lbs.  in  six  months.  A  unique 
feature  of  the  arch  rini;  cuncrete  is  that 
slabs  of  stone  will  be  einlnilded  in  the  con- 
crete in  radial  position>  .-in<l  <iuttc  closi- 
togethcr;  in  a  word  the  arch  rings  will  be 
of  a  special  rubl)le  concrete. 

So  far  as  wc  know  the  only  precedent 
is  the  Walnut  Lane  Bridge  of  233  ft.  span 
recently  constructed  at  Philadelphia,  Pa. 
The  purpose  of  this  rubble  is  to  increase 
strength  and  not  primarily,  as  is  ordinarily 
the  purpose  of  rubhie.  to  cut  down  the  cost 
of  the  concrete  work.  Tests  made  on  cubes 
show  that  failure  comes  generally  by  diag- 
onal shear.  If  some  resistance  in  the  form 
of  steel  or  flat  stones  is  introduced  normal 
to  the  shearing  stress  the  ultimate  strength 
of  the  construction  is  considerably  in- 
creased. An  arch  ring  is  a  column  with  a 
shearing  force  added  to  the  direct  compres- 
sive stress.  The  shearing  stresses  at  the 
sprinKing  lines  of  this  arch  are  excessive 
for  plain  concrete,  and  as  it  was  imprac- 
ticable to  increase  the  thickness  of  the  ring 
some  form  of  reinforcement  was  impera- 
tive. Steel  placed  radially  to  restrain  the 
concrete  laterally  would  accomplish  this, 
but  the  same  effect  is  obtained  in  a  much 
more  economical  manner  by  the  use  of  the 
radial  slabs. 

The  concrete  for  footings  and  founda- 
tions ii  a  l-3-."i  concrete  with  embedded 
rubble  stones  less  than  Ix'ix')  ft.,  placed 
not  less  than  3  ins.  apart  in  all  directions. 

The  concrete  for  piers,  abutments  and 
spandrel  walls  is  a  1-3-0  mixture  with  one- 
man  rubble  stones  embedded  not  less  than 
3  ins.  apart  or  from  the  surface. 

The  concrete  for  roadways,  sidewalks, 
brackets  under  balusters  and  secondary- 
arch  rings  is  a  l-'2-4  broken  1-in.  stone 
mixture. 

The  concrete  for  all  exterior  surfaces 
for  1  in.  in  depth  on  vertical  surfaces  and 
for  1V4  ins.  in  depth  on  horizontal  surfaces 
is  a  1-2-2  granolithic  14 -in.  stone  mixture. 
This  finish  will  be  placed  on  horizontal 
surfaces  by  troweling  before  the  concrete 
has  set  and  on  vertical  surfaces  simul- 
taneously with  the  backing. 

Assumptions  for  Calculalioiis. — For  dead 
load  the  concrete  in  the  main  arch  ribs  was 
assumed  to  weigh  l(M)  lbs.  per  cu.  ft.,  and 
all  other  concrete.  I"<<i  lbs.  per  cu.  ft.  The 
.safe  compressive  strength  of  the  concrete 
was  assumed  to  be  <i"o  lbs.  per  sq.  in.  The 
GO-ton  street  cars  were  assumed  to  pro- 
duce for  each  half  of  the  bridge  to  one 
side  of  the  center  line,  an  equivalent  uni- 
form live  load  as  follows:  For  the  tirst 
10- ft.    width    of    roadwav    next    the   center 
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line,  270  lbs.  per  sq.  ft.,  for  the  next  10  ft. 
of  roadway,  100  lbs.  per  sq.  ft.,  and  for 
the  8-ft.  sidewalk,  80  lbs.  per  sq.  ft.  Tlie 
wind  load  was  assumed  to  be  3o  lbs.  per 
sq.   ft.  of  vertical  surface. 

Determination      of      Stress. — Determina- 
tions were  made  (1)  for  dead  load  stresses; 

(2)  for  dead  load  plus  live  load  stresses ; 

(3)  for  dead  load  plus  one-half  live 'load 
stresses;    (4)    for   dead  load  of   arch  ribs, 
spandrel  piers  and  walls;   (5)   for  tempera 
ture    changes;      (6)    for    stresses     due   to 


k  ordinate  ^  distance  from  neutral  a.xis  to 
closing  line  of  neutral  axis  polygon. 

Eccentricity  ^  a  —  k. 

;»  ordinate  =  distance   from  pressure  curve 
to  closing  line  of  basic  polygon. 

[•  =  distance  from   span   line  of  linear  arch 

to  closing  line  of  neutral  axis  polygon. 

Moment  ^  eccentricity    X    true     pole     dis- 
tance. 

Assume  pole   distance    H=  5,000,000  lbs. 
To  compute  the  true  pole  distances,  the 

value  of  2;  V,  2ji-,  and    2   ;;;  y  were  deter- 


Fig.  1 — Diagram    Elevation  of  280-Ft.  Span    Concrete   Arch    Bridge   at  Cleveland,   O. 


shortening  from  thrust,  and  (T)  for  wind 
stresses.  The  complete  analysis  of  stresses 
is  shown  by  the  accompanying  tables : 
The  stress  sheet  for  the  main  span  is 
shown  by  Fig.  2.  The  quantities  in  the 
tables  are  taken  from  this  stress  sheet. 
The  notation  is  as  follows : 
y  ordinate  =  distance  from  neutral  axis  to 

span  line  of  linear  arch, 
r   ordinate  ^  distance   from   pressure  curve 

to  span  line  of  basic  polygon. 


mined  for  loadings  1,  2  and  3  noted  above. 
For  example,   for  dead  load  stresses :   2  y 
=  1,798.60;    2   j,=  =  117.(i01..34;    2    ,„   y  = 
14,00.5.90;    £-  =  58.02.     Thus, 
i:  f  —  c'^  y       13241 
= =  0.882 

2  ,„  y  14966 

2  ni  V           14966 
= =  1.13 


True 


H- 


13241 
5,000,000  X  1.13  =  5,660,000  lbs. 


Stresses  due  to  temperature  changes  were 
calculated  from  the  equation 
ElSt  I 

H  = 

^y  —  e^y     S 
in  which 

£  =  288,000,000  lbs.  per  sq.   ft. 

/  =  280   ft. 

A  =  0.000006  per   degree   Fahrenheit. 

f=  +  30°   F. 

/ 

—  =  62,33  per   rib. 

2_v=  — c2  3.  =  i:3,241,  and 

H  =  68,m  lbs.  per  rib. 

The  stress  due  to  shortening  of  arch  rib 
froni  thrust  was  taken  as  85  per  cent  of 
temperature  stresses  due  to  3ft°  fall  of  tem- 
perature. 

Construction. — Work  is  in  progress  on 
the  foundations  for  the  main  arch  span ; 
they  will  be  bedded  on  shale  rock  24  ft. 
below  the  surface  of  the  river.  The  foun- 
dation load  will  be  6V2  tons  per  sq.  ft. 
Each  rib  of  the  arch  will  be  built  sepa- 
rately on  a  steel  center  which  will  be 
moved  from  under  the  first  rib  to  under 
the  second  rib.  The  center  consists  of  two 
ihree-hingcd  steel  trusses  spaced  23  ft 
apart  and  carried  on  shoes  on  a  shoulder 
or  ledge  on  the  main  abutments.  The 
trusses  are  braced  together  and  carry  two 
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Fig.  2 — Stress  Sheet  for  280-Ft.  Span   Concrete  Arch. 


March  lo,  nK")- 


ENGINrr RING-CONTRACTING 


iS7 


lines  of  strincrrs  un  which  stand  (l\r  arch 
rib  forni».  The  shoes  of  the  trusses  will 
rest  on  jacks  to  permit  |H)silive  and  iini 
form  lowering  of  the  center.  The  arch  rili 
will  be  concrete  in  transverse  sections,  two 
corresponding  sections,  one  on  each  side 
of  the  crown,  being  concreted  simultane 
ously. 

The  bridge  was  designed  under  the  di 
rection  of  Mr.  A.  B.  Lea.  engineer  of 
Cuyahoga  County,  by  Mr.  .■V.  M.  Felgate, 
bridge  engineer  of  that  county.  The  con- 
tract for  the  construction  was  awarded  to 
the  Schillinger  Brothers  Co.,  of  Columbus, 
O.,  tor  $208,;J02.  Mr.  Wilbur  J.  Watson 
is  engineer   for  the  contractors. 


KelalioHS  of  Tempt-raturi-  to  Tunc  of 
Set  and  Slri-ngtli  of  Concrete. — The  fol- 
lowing tests  made  by  Mr.  H.  L.  Sherman, 
cement  chemist,  for  the  Aberthaw  Con- 
struction Co..  of  Boston.  Mass.  They  are 
a  cniitiiuiation  of  an  elaborate  set  of  tests 
and  show  results  at  the  age  of  three 
months      The  table  follows: 


Temp 

of. 

air 

Strength  lbs 

and 

nat 

Mixture. 

per  sq.  m. 

72° 

Neat 

759 

■:r 

1:3 

3t)5 

w 

Neat 

6liO 

41° 

1:3 

303 

:m° 

Neat 

.567 

:m° 

1:3 

249 

41° 

( room, 

r° )      Neat 

29 

1:3 

!l 

It  was  noted  from  the  early  tests  that  at 
a  temperature  of  72°.  the  cement  showed  a 
decrease  in  strength  from  7  days  to  28  days 
on  the  neat  tests,  while  on  the  mortar  tests 
the  strength  was  the  same.  On  the  tests 
at  41°,  there  was  a  good  increase  between 
these  periods  on  both  sand  and  neat  tests. 
and  at  34°,  a  better  percentage  increase  on 
both.  In  the  opinion  of  the  chemist  this 
is  an  illustration  of  the  importance  of  wa- 
ter on  the  early  strength  of  cement.  At 
72°.  the  excess  water  contained  in  the 
briquettes  was  evaporated  rather  quickly, 
while  at  the  lower  temperatures,  the  rate  of 
evaporation  was  very  slow.  Between  28 
days  and  3  months,  the  briquettes  at  72° 
showed  a  very  good  increase,  those  at  41° 
a  less  decided  increase,  and  thftse  at  34° 
still  less,  .\pparcntly  cement  at  low  tem- 
peratures (al)Ove  freezing  however)  attains 
less  strength  than  at  a  normal  tempera- 
ture but  its  increase  in  strenRlli  in  short 
times   is  greater. 


The  L".  S.  House  of  Representatives  ha.s 
passed  the  substitute  Forestry  Bill.  The 
bill  provides  for  an  annual  appropriation 
.11  $1.U00.(XM)  for  the  preservation  of  for- 
ests in  those  states  which  have  tire  pro- 
tection laws.  The  bill  calls  for  a  com- 
mission of  government  officials  to  super- 
vise the  expenditures  from  il>'-  f.  r.-^i  r.- 
.serve    fund. 


Hartli  and   Rock  Section 


.Note:  I  his  Section  is  devoted  t<i  methods  and  costs  of  vxcasatint;  earth  and 
rock  and  buildin-,;  embankments.  It  will  cover  the  grading  of  roads  and  rail- 
roads, dikin;:  and  can;d  work,  dredging,  building  reservoirs  and  earth  dams, 
sewer  and  water  pipe  trenching,  quarrving,  etc. 


Comments  on  Dump  Wagons. 

(Conluiued  irom  p.  117.  Ith.  Jl,  |;mi:i.  ) 

The  first  group  of  wagons  we  will  de- 
scriln-  will  be  bottom  dump  wagons.  These 
will  be  divided  into  two  sections:  Dump 
wagons  proper  and  dump  boxes. 

The  National  dump  wagon  is  manufac- 
tured by  the  Indiana  Read  Machine  Ct)., 
Fort  Wayne,  Ind.  The  distinguishing  fea- 
ture of  this  wagon  is  its  hinges  on  the 
steel  doors  and  the  method  of  winding  of 
the  doors,  and  keeping  the  chains  tight. 
For  hinges  vertical  slide  guides  are  fixed 
to  the  sides  of  the  wa:;;on.  and  loops  at- 
tached to  the  doors,  operate  around  the 
guides  on  the  outside  of  the  wagon.  The 
lifting  chains  are  not  long  enough  to  allow 
the  doors  to  drop  to  a  vertical  position,  and 
as  a  result,  when  the  load  is  dumped,  the 
doors  are  forced  by  the  weight  of  the  fall- 
ing material  up  and  outside  of  the  box.  and 
are  lifted  clear  of  the  dump.  Thus  all  pos- 
sibility of  the  wagon  being  stalled  is  avoid- 
ed. When  the  wagon  is  free  from  the 
dumped  load  the  doors  assume  a  half  closed 
position,  thus  allowing  them  to  be  closed 
with  about  three  full  throws  of  the  lifting 
lever. 

The  doors  are  of  steel  and  overlap,  one 
door  always  closing  before  the  other.  The 
lifting  chains  all  have  turn  buckles  in  them 
so  if  the  chain  becomes  stretched  from  use 
they  can  be  tightened  so  that  there  is  no 
play  of  the  doors,  allowing  leaks.  The  pull 
of  the  chains,  both  in  the  front  and  rear, 
is  straight  up.  thus  making  the  doors  work 
easy  and  holding  them  well  in  place.  One 
lever  dumps  the  load  and  another  winds  m 
the  doors.  This  wagon  has  a  short  wheel 
base,  namely  8  ft.  3  ins .  and  without  side 
boards  is  4  ft.  4  ins.  high. 

The  National  is  made  in  3  sizes,  namely, 
1%,  IM  and  2  cu.  yds.  F'or  country  use 
the  wagon  is  made  in  the  62  in.  gage, 
wooden  axle,  and  a  patented  drop,  tongue 
that  allows  of  free  play,  but  prevent?  the 
horses  carrying  all  the  weight  of  the  tongue 
on  their  necks.  They  can  be  luted  up  for 
either  a  2  or  3-horse  hitch.  For  city  use 
the  gage  is  .16,  a  stiff  tongue  is  used  and 
the  wagon  has  steel  axles. 

The  Troy  dump  wagon  is  manufactured 
by  the  Troy  Wagon  Works  Co.,  of  Troy. 
Ohio.  The  distinguishing  feature  of  the 
Troy  is  the  tubular  bar  on  the  side  of  the 
wagon  that  dumps  the  loads  and  winds  up 
the  doors.  The  doors  are  made  of  steel 
and  overlap  2  ins.  or  more,  one  door  clos- 
ing before  the  other,  thus  making  them 
tight  and  preventing  leaks.  The  doors  also 
come  up  over  the  edge  of  the  hox  of  the 
wagon.    The  tubular  bar    running    length- 


\s:sc  ul  the  I>o.\  has  a  spiral  dr;::ii  and  a 
chain  attached  lo  each  end,  and  is  con- 
trolled by  a  lever  in  connection  with  a 
pawl  and  ratchet.  This  bar  and  the 
short  chains  allow  of  little  lost  mo- 
tion, and  thus  the  doors  are  closed  with 
little  power  and  great  speed.  The  chains 
nuist  follow  the  spiral  grooves  and  wind  at 
both  ends  simultaneously.  Steel  doors  are 
considered  an  advantage  over  wooden 
doors,  as  the  latter  may  swell  from  being 
wet.  The  wagon  is  ironed  throughout  with 
forged  steel.  The  front  end  of  the  wagon 
box  is  supported  by  riveting  two  pieces  of 
heavy  sheet  steel  to  the  front,  or  neck,  of- 
each  side  board. 

A  Troy  wagon  was  tested  in  the  labora- 
tory for  testing  materials  of  Purdue  Uni- 
versity, and  stood  a  load  of  72,.'>i1<»  lbs.,  the 
bottom  sagging  0.37  ins.  without  leaking 
sand.  The  rear  axle  has  springs  on  it,  or 
springs  can  be  ordered  on  any  wagon. 
This  makes  the  draught  easy.  The  Troy 
Co.  build  14  different  styles  of  bottom  dump 
wagons,  varying  in  capacity  from  H4  to  .5 
cu.  yds.,  and  weighing  from  .5.000  to  10,000 
lbs.  The  length  of  wheel  base  varies  from 
8  ft.  4  ins.  to  9  ft.  4  ins.  The  popular  wagon 
for  contracting  purpose  is  a  H4  cu.  yd. 
capacity  wagon.  4  ft.  8  ins  high,  with  a 
wheel  base  of  8  ft.  4  ins. 

The  Studebaker  Patent  Improved  Ideal 
Dump  Wagon  is  manufactured  bv  the 
Sfulebaker  Bros.  Co.  of  South  Bend.  Ind. 
The  name  of  Studebaker  is  so  well  known, 
in  connection  with  vehicles  of  all  kinds,  that 
it  is  not  surprising  that  when  there  was  a 
demand  for  dump  wagons  this  company 
placed  one  on  the  market.  .V  disting^.iish- 
ing  feature  of  the  wagon  is  the  absence  of 
any  chains  on  the  sides  of  the  wagon.  The 
dumping  chain  runs  under  the  doors,  which 
are  wood  covered  with  steel,  and  are  so 
arranged  that  one  door  is  closed  before  the 
other,  thus  permitting  a  lap  to  be  made, 
thus  preventing  the  body  from  leaking 
The  manufacturers  pride  themselves  on  the 
material  used  throughout  in  building  their 
wagons.  .MI  important  metal  parts  are 
made  of  wrought  iron  or  steel,  so  repairs, 
when  necessary,  can  readily  be  made  by  any 
blacksmith. 

The  dumping  attacluneni  consists  of  one 
roller  with  winding  arbor  and  ratchet  at- 
tached :  one  chain :  one  dumping  and  one 
winding  lever  and  safety  device.  .\  load 
cannot  be  dumped  accidentally  and  the 
iloors  can  be  wound  up  quickly.  The  neck 
of  the  wagon  is  lined  with  steel  on  lioth 
sides,  and  further  reinforced  by  a  heavy 
rocker  plate,  all  firmly  riveted  and  bolted 
together.     The  winding  roller,   although   it 
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goes  through  the  sides  of  the  body,  is  in 
front  of  the  neck,  so  the  neck  is  in  no  way 
weakened. 

The  front  axle  has  a  bolster  on  it,  thus 
raising  up  the  tongue  of  the  wagon,  and  as 
the  fifth  wheel  is  a  large  circle,  it  keeps  the 
front  carriage  in  proper  position,  and  pre- 
vents the  front  end  of  the  tongue  from 
dropping  down.  Either  a  drop  pole  or  a 
stifi'  or  coach  pole  is  furnished  with  the 
wagon.  The  wheel  base  of  the  wagon  is  8 
ft.  6  ins.  The  wagon  is  made  in  two  sizes, 
namely  1V4  and  2  cu.  yds.  capacity.  The 
axles  are  made  of  steel.  These  wagons 
weigh  from  1,850  to  2,150  lbs.  The  height 
of  these  wagons  without  side  boards  is  4 
ft.  3%  ins.  The  ordinary  side  boards  used 
are  about  C  ins.  high. 

The  .\ustin  dump  wagon  is  manufac- 
tured by  the  Austin  Manufacturing  Co.,.  of 
Harvey,  111.  The  Austin  Co.  claim  to  have 
the  pioneer  dump  wagon.  The  distinguisli- 
ing  feature  of  the  Austin  is  the  chain 
hinges,  that  allow  the  doors  when  they  are 
dumped  to  be  pressed  up  against  the  sides 
of  the  wagon  by  the  dumped  load,  thus  pre- 
venting the  load  pressing  the  doors  against 
the  wheels,  when  hard  material  is  being 
hauled,  and  stalling  the  team.  These 
chains  and  also  the  winding  chains  are  on 
both  sides  of  the  wagon.  On  the  ends  of 
each  door  there  is  a  steel  arm  or  wing  that 
serves  to  raise  the  doors  and  firmly  wedge 
them  into  place  when  loaded.  Until  these 
arms  are  destroyed  there  can  be  neither 
crack  nor  crevice  out  of  which  sand  or 
loose  material  can  leak.  The  wagon  is 
dumped  and  brought  back  into  loading  con- 
dition by  a  single  lever. 

The  box  is  made  of  fir  bound  together 
with  angles  in  corners  and  entirely  around 
the  bottom  of  box,  bolted  iron  to  iron,  to 
prevent  spreading  or  getting  out  of  shape 
A  heavy  steel  gooseneck  is  built  into  each 
side  of  the  wagon.  The  Austin  wagon  is 
made  in  two  sizes,  1%  cu.  yds.  and  2  cu. 
yds.  The  first  is  known  as  the  contractor's 
wagon,  the  second  as  the  municipal  wagon. 
The  contractor's  wagon  weighs  1,750  lbs., 
and  has  a  wheel  base  of  8  ft.  4  ins.,  thus 
making  it  of  easy  draft.  The  height  to  the 
top  of  the  base  is  4  ft.  5  ins.  and  with  side 
boards  5  ft.  Turnbuckles  are  used  in  each 
adjusting  chain  to  take  up  all  wear  and  keep 
them  tight.  The  manufacturers  claim  that 
their  wagon  is  unequaled  for  heavy  team- 
ing in  bulk  over  rough  paved  streets. 

The  Watson  Dump  Wagon  is  manufac- 
tured by  the  Watson  Wagon  Co.,  Canasto- 
ta,  N.  Y.  This  company  claims  to  be  the 
pioneer  in  the  bottom  dump  wagon  busi- 
ness. For  years  the  distinguishing  feature 
of  the  Watson  has  been  the  link  belting,  on 
the  side  of  the  green  wagon  body,  that  was 
part  of  the  dumping  and  winding  up  gear. 
Within  the  last  couple  years  this  link  belt 
has  been  taken  off  of  their  latest  model, 
and  a  straight  chain  used  under  the  wagon 
to  wind  up  the  doors.  This  makes  a 
wagon  without  chains  on  cither  side. 
When  this  change  was  made  in  the  wagon 
a  new  dump  and  lock  device  was  also  put 


on  the  wagon.  The  lock  which  is  used  in 
connection  w'ith  this  device  operates  auto- 
matically when  the  bottoms  are  raised  and 
the  lock  catch  can  be  instantaneously  re- 
leased when  load  is  to  be  dumped.  The 
lock  must  be  released  before  the  foot  dump 
can  be  operated.  This  arrangement  pre- 
vents the  load  dumping  accidentally.  The 
foot  dump  is  of  special  design,  is  quick  in 
action  and  reliable. 

The  boxes  are  built  of  selected  birch  tim- 
ber. .\11  parts  of  the  wagon  can  be  se- 
cured of  the  manufacturers,  so  that  quick 
repairs  can  be  made,  and  these  parts  are 
made  so  that  they  fit  without  alterations. 
The  Watson  wagon,  although  built  strong, 
and  well  ironed  wherever  necessary,  yet  is 
very  light  in  weight.  Making  11  styles  or 
tj-pes  of  wagons,  ranging  in  capacity  from 
1%  to  5  cu.  yds.,  the  weight  runs  only  from 
1.800  to  2,800  lbs.  The  wagons  are  built 
cither  with  drop  or  stifif  pole.  The  height 
of  the  1%  cu.  yd.  wagon  is  4  ft.  8  ins.  The 
axles  are  steel.  The  company  has  records 
of  large  loads  hauled  on  these  light  wagons. 
Their  slogan  is.  "First  in  the  field,  last  in 
the  repair  shop." 

The  Star  Dump  Wagon  is  built  by  the 
Glen  Wagon  Co.,  Seneca  Falls,  N.  Y.  This 
company  claims  their  wagon  is  the  design 
of  the  pioneer  in  the  dump  wagon  building. 
The  Star  wagon  has  a  straight  chain  run- 
ning under  the  doors  to  dump  them  and 
wind  them  up.  The  doors  overlap  about  2 
ins.,  preventing  them  from  leaking.  The 
tongue  of  the  wagon  is  high,  preventing  it 
hitting  the  horses'  legs.  The  wagon  has  a 
■^0-in.  platform  circle,  which  makes  a  broad 
hearing,  carrying  the  pole  stiff  at  all  angles. 
The  pole  can  be  made  stiff  or  drop  by  use 
of  a  thumb-screw  on  the  butt  of  the  pole. 
There  is  a  rocker  device  in  the  front  that 
equalizes  the  load  in  going  over  rough 
ground,  thus  preventing  wear  on  the  wagon. 

The  neck  is  said  to  be  built  very  strong, 
being  only  14  ins.  long  from  the  end  board 
to  the  front  bolster,  the  2  .x  r2-in.  plank 
being  reinforced  with  boiler  plate.  All  the 
irons  on  the  wagon  are  wrought  forgings. 
Tn  the  rear  of  the  wagon  there  is  a  spring- 
that  brings  the  doors  up  in  their  proper 
order,  also  grab  hooks  that  permit  the  low- 
ering of  the  doors  part  way  only,  so  as  to 
streak  the  load  along  instead  of  dropping  it 
in  a  pile.  This  wagon  on  account  of  the 
strength  given  by  the  short,  strong  neck  is 
recommended  by  the  makers  for  steam 
shovel  work.  The  wagon  is  built  in  eight 
sizes  from  1%  to  5  cu.  yd?.,  weighing  from 
1,800  to  3,000  lbs.  The  dumping  device  has 
a  positive  lock  on  it  preventing  accidental 
dumping.  A  1%-cu.  yd.  wagon  has  a  wheel 
base  of  7  ft.  10  ins.  or  8  ft.  only,  thus  mak- 
ing a  light  draft  wagon.  This  company 
makes  a  3-horse  hitch  with  tw-o  poles. 

This  company  also  .makes  another  style 
of  dump  wagon,  known  as  the  "Atkins 
Spreading  Wagon."  The  doors  are  hung 
across  the  wagon  instead  of  lengthways, 
both  doors  being  operated  by  a  single  chain 
on  each  side  of  the  wagon.  By  opening  the 
door  but   part   way   the    material     can     be 


spread  out  over  a  considerable  area.  The 
door  can  also  be  released  and  the  entire 
load  dumped.  For  these  reasons  this 
wagon  is  known  as  a  combination  dumping 
and  spreading  wagon.  In  other  details  it  is 
built  like  their  regular  contractor's  dump 
wagon  that  we  have  already  described. 

The  Aurora  Dump  Wagon  is  manufac- 
tured by  the  Western  Wheeled  Scraper 
Co.,  of  Aurora,  111.  Their  old  pattern 
wagon,  which  they  still  make,  has  chains 
on  the  inside  oi  the  dump  box,  but  their 
new  pattern  is  without  chains  on  the  in- 
side. The  distinguishing  feature  of  the 
Aurora  is  the  hinge,  which  is  a  piece  of 
malleable  T-iron  running  under  the  door 
and  curving  around  the  edge  of  the  box, 
fitting  into  a  groove,  that  allows  it  to  slide 
up  well  on  the  side  of  the  bo.x,  allowing 
the  doors  to  clear  the  load  when  dumped, 
and  preventing  the  wagon  from  being 
stalled  by  the  dumped  load.  The  chains 
operating  the  doors  run  along  the  sides  of 
the  wagon  and  at  each  end  are  fastened  to 
two  bars  that  cross  one  another,  so  that 
the  chains  on  one  side  operate  the  door  on 
the  other  side  of  the  wagon.  There  is  a 
spiral  guide  on  the  roller,  causing  the  chain 
to   wind   up   smoothly  without  piling  up. 

The  tongue  is  of  the  same  height  as  the 
front  axle,  and  is  also  supported  from  the 
wagon  body  by  a  chain  with  a  spiral  spring 
on  it.  The  manufacturers  claim  that  the 
opening  for  discharging  the  load  is  larger 
than  any  other  wagon  of  the  same  capacity. 
For  the  1%-cu.  yd.  wagon  the  opening  is 
40  X  47%  ins.  and  for  a  2-cu.  yd.  wagon, 
40  X  60  ins.  These  two  sizes  are  the  stand- 
ard stock  sizes  of  this  company,  although 
they  make  larger  sizes  on  special  orders. 
The  weight  of  these  two  wagons  are  1.700 
lbs.  and  2,000  lbs.,  respectively.  The 
smaller  wagon  is  4  ft.  3  ins.  high  without 
the  flare  board.  The  body  of  the  wagon  is 
made  of  fir,  the  wheels  and  other  parts  of 
oak. 

The  Acme  Dump  Wagon  is  built  by  the 
.A.cme  Wagon  Company  of  Emigsville,  Pa. 
The  distinguishing  feature  of  the  Acme  is 
that  the  wagon  does  not  have  a  neck  be- 
tween the  front  of  the  wagon  and  the  dump 
box,  the  side  has  but  a  small  circular 
piece  cut  out  of  it  to  allow  the  front  wheel 
to  pass  under  it.  in  turning.  This  makes 
a  strong  side  to  the  wagon.  The  doors  are 
of  steel  and  are  suspended  with  three  rigid 
hook  hinges,  passing  through  an  opening  in 
the  bottom,  and  around  heavy  tubing  on 
the  edge  of  the  door.  This  tubing  forms 
a  strengthening  bar  for  the  back  edge  of 
door  and  a  large  bearing  upon  which  the 
door  swings.  The  doors  overlap,  thus  mak- 
ing them  sand  tight. 

The  dumping  chains  go  under  the  doors, 
thus  the  sides  of  the  wagons  are  free  of 
chains.  The  doors  are  opened  by  means  of 
a  foot  trip  and  closed  by  means  of  a  lever. 
The  tongue  sits  high  above  the  front  axle. 
The  axles  are  of  tubular  steel.  The  wagon 
is  made  in  two  sizes,  namely  1%  and  2  cu. 
yds.  capacity.  The  1%-cu.  yd.  wagon  is  4 
ft,  4  in?,  in  height,  exclusive  of  side  boards. 
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In  adilitiun  to  this  wagon  tht;  Aciiu 
Wagon  Co.  alio  make  the  Acme  stonr 
spreadinK  diniip  wagnn.  It  diflfcrs  from  the 
contractor's  dump  wagon  by  having  a  hop- 
per shaped  compartment  under  the  box. 
which  is  closed  by  two  steel  doors  running 
across  the  wagon.  The  chains  to  operate 
these  diHirs  are  on  the  outside  of  the  box. 
ami  are  arranged  <.n  the  two  sides.  The 
doors  are  opened  and  closed  by  means  of 
worm  gears,  and  the  operation  is  entirely 
uniler  the  control  of  the  driver.  St<iie 
and  other  material  can  be  spread  very 
evenly.  The  inside  of  the  box  is  lined  with 
steel.  The  wagons  are  made  of  IV4.  2.  and 
'2M  cu.  yds.  capacity.  They  arc  built,  as  in 
other  details,  in  a  maimer  similar  to  the 
regidar  .Xcnie  dump  wagon. 

The  Milburn  dump  wagon  is  manulai- 
tured  by  the  Milburn  Wagon  Co..  of  Tole- 
do. Ohio.  This  company  has  been  well 
known  in  the  wagon  business  for  more  than 
•V)  years.  The  Milburn  wagon  has  no 
chains  on  the  sides,  and  the  doors  are 
lowered  and  wound  up  by  a  single  chain, 
nnming  from  a  dnmi  in  front  nf  the  wagon 
under  the  doors  and  through  two  pulleys 
or  sheaves  on  each  end  of  the  box.  One 
lever  controls  the  dumping  device  and  in 
winding  up  the  doors  the  arrangement  of 
the  chain  and  pulleys  resembles  a  block 
and  tackle,  so  that  it  takes  but  very  littlr 
effort  to  make  the  doors  almost  water 
tight.  The  doors  can  be  wound  up  while 
the  horses  arc  walking  100  ft. 

The  wagon  is  ironed  with  wrought  iron 
so  that  repairs  can  be  made  to  the  wat-ou 
by  any  blacksmith.  This  also  applies  to  the 
hinges  of  the  wagon.  The  neck  of  the 
wagon  is  ironed  both  on  the  inside  and  out- 
side with  heavy  plates  of  sheet  steel.  The 
main  weight  of  the  load  in  a  dump  wagon 
is  carried  on  the  rear  axle.  For  this  rea- 
son the  back  axle  on  the  Milburn  is  built 
especially  strong  and  the  wagon  body  is 
fastened  to  the  axle  with  heavy  wrought 
iron.  On  accoimt  of  the  large  amoiml  o' 
wrought  iron  used  in  the  construction  nf 
this  wagon,  it  is  sometimes  called  the 
"wrought  iron  wagon." 

The  Milburn  wagon  is  built  in  two  sizes, 
namely  1V4  and  2  cu.  yds.  cap.icity,  but 
larger  sizes  are  made  to  order.  The  man- 
ufacturers state  that  the  Iu:nl>cr  iiseil  in  the 
construction  of  their  wagons  is  specially  se- 
lected from  large  tracts  of  timber  that  are 
owned  by  themselves.  The  limber  is  sea- 
soned by  their  own  methods. 

CTo  be  contiimcd.') 


The  New  York  State  Highway  Com- 
missirin  intends  to  inaugurate  a  patrol  sys- 
tem for  the  maintenance  and  repair  of 
improved  highways  and  will  employ  IHo 
men,  each  under  contract  to  keep  in  re- 
pair about  ten  miles  of  highway.  Kach 
will  have  a  horse  and  cart  and  be  required 
to  go  over  his  section  daily,  with  neces- 
sary devices  to  keep  the  road  in  proper 
condition. 


Method  of  Driving  a  Submarine  Slope 
Tunnel. 

The  following  metho<ls  of  driving  a  tun- 
nel by  the  N'liva  Scotia  Steel  and  Coal  Co. 
is  used  at  their  subamrine  mine  on  Bell 
Island.  This  company  owns  H2  squari: 
miles  of  submarine  ore  beds.  The  metho<l 
of  working  is  as  follows: 

Three  eight-hour  shifts  are  worked. 
When  the  air  is  cleared  of  smoke  from 
the  last  shot,  the  drillers  and  loaders  pro 
cced  to  the  face.  The  drillers  and  their 
helpers  begin  to  assemble  their  drills  and 
columns,  while  the  loaders  employ  them- 
selves in  ihrowi^  back  the  ore  from  the 
face.  The  drills,  of  which  there  arc  two 
on  this  shift,  are  then  set  up  4  ft.  from 
the  face  and  about  20  ins.  from  the  rib  or 
side,  and  each  puts  in  live  12-ft.  center  cut 
holes,  B  1,2.  3.  4.  5.  and  C  1,  2.  3.  4.  .5.  re- 
spectively, completing  the  round  in  about  <> 
hours.    The  holes  are  blown  out  with  coni- 


pressed  air  when  the  shift  is  completed. 
.\fter  having  cleared  away  the  face  for  th-: 
drillers  the  loaders,  six  in  number,  clear 
off  the  track  and  run  in  a  trip  of  three  cars. 
They  load  up  the  ore  that  has  been  thrown 
up  the  slope  by  the  previous  blast,  which 
sometimes  is  as  much  as  100  ft.  from  the 
face.  When  the  ore  is  reduced  to  a  heap 
behind  the  drillers  one  car  only  is  used,  and 
the  loaders  relieve  each  other  car  about, 
three  at  a  time.  The  loaders  generall; 
finish  at  the  same  time  as  the  drillers. 
Forty  to  fifty  tons  is  an  average  shift'- 
work. 

The  blasters  then  load  the  holes  drilled 
with  7  lbs.  of  50  per  cent  .\cadia  dynamite 
in  each,  tamping  them  securely  with  paper 
carlri<lges  of  clay  prepared  for  the  purpose. 
After  the  wires  and  blasting  machinery  are 
tested  for  strength  and  circuit  the  roimd 
is  fired.  If  the  work  has  been  done  cor- 
rectly, the  center  cut  will  be  taken  out  as 
shown  in  the  sketch,  and  the  ore  thrown 
well  up  the  slope.  Owing  to  the  heavy 
burden  on  these  holes  they  will  be  tinly 
about  half  shot  out.  .\  little  high  pres- 
sure air  is  turned  on  at  the  face  imme- 
diately after  the  blast,  and  the  exhaust 
fans  speeded  up.  In  the  course  of  a 
short  while  the  air  at  the  face  is  quite 
clear,  an<l  while  still  a  lillle  warm,  work 
can  he   resinned. 

The  next  shift  then  I)egins.  loaders  clear- 
ing   face   as    before. 

The  usual  drillers  now  set  their  bars 
I  ft.  back  from  the  face  and  as  close  to 
the  rib  as  possible,  and  drill  holes  .\  1.  2. 
■■»,  4.  .'.,  and  D  I,  2.  3,  4,  5.  12  ft.  deep. 
In  addition   to   these  two   spare   drills   are 


-ii  lip  in  the  cut  and  drill  holes  F  I,  2,  3, 
I"  1,  2,  3,  G  1,  2,  3.  and  H  I,  2.  3,  respect- 
ively, 6  ft.  deep.  .\s  the  extra  drills  do 
not  come  on  the  same  shift  each  time, 
there  are  two  spare  drillers  on  each  shift, 
and  when  not  employed  at  this  work  they 
are  kept  busy  repairing  and  advancing  ven- 
tilating pipes,  swinging  Sampsons,  etc.. 
and  other  odd  jobs. 

The  order  of  blasting  is  now  more  elab- 
orate than  on  the  previous  shift,  and  on 
the  care  taken  in  this  work  greatly  de- 
pends the  advance  to  be  gained. 

They  first  load  and  tire  first  holes  F  1, 
2,  3,  and  G  1,  2,  3,  3  lbs  to  a  hole.  Next 
they  fire  the  old  bottoms  of  holes  B  I, 
2,  3,  4,  .-I,  and  C  1.  2,  3.  4,  5.  with  3  to 
•'i  lbs.  each,  according  to  necessity.  The 
tliird  round  is  E  1,  2,  3,  and  H  1,  2,  3, 
.1  lbs.  to  a  hole,  and  finally  .-X  1,  2,  3,  4,  •>, 
and  D  1,  2,  3.  4,  5.  are  tired,  o  lbs.  to  a 
hole.      This    makes    a    total    of   about    200 
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Diagram    of    Arrangement    and    Location 

of  Blast  Holes. 

lbs.  of  oO  per  cent  dynamite  to  an  ad- 
vance of  8H  to  9  feet,  according  to  the 
success  of  the  work  done,  making  •">  lbs. 
of  .50  per  cent  dynamite  to  each  cubic  yard 
of  material   excavated. 

The  method  of  using  short  bars  and 
selling  up  the  drills  on  top  of  the  ore 
heap  was  tried  for  some  considerable 
lime  at  first,  but  it  was  fiMuul  that  while 
saving  a  good  deal  of  time  in  handling 
the  ere.  in  the  long  run  it  did  not  pay. 

The  storage,  thawing  and  distribution  of 
the  explosives  for  l)oth  the  mines  and  the 
submarines  slope  is  carried  on  at  a  cen- 
tral station,  which  comprises  a  small  mag- 
azine, thawing  house,  with  det.iched  boiler- 
room,  and  a  shetl  for  testing  detonators, 
located   at   convenient   distances  apart. 

The  thawing  is  carried  on  in  a  small 
stone  building,  brick  lined  and  wood  faced 
inside,  with  an  air  space  between  the  brick 
and  stone,  and  the  building  provided  with 
a  large  entry  for  the  reception  and  dis- 
posal of  the  explosive.  The  heating  sys- 
tem   is   the   ordinarv   hot   water   svslcm  as 


190 


ENGINEERING-CONTRACTING 


Vol.  XXXI.     No.  10. 


used  in  dwellings.  The  radiators  are 
placed  in  wooden  boxes  to  prevent  acci- 
dental contact  of  the  explosive. 

The  various  blasting  crews,  wiremen, 
thawer,  magazine  storekeeper  and  detona- 
tor tester  are  all  under  the  supervision  ot 
an  explosive  inspector,  who  constantly  in- 
spects all  operations  connected  with  the 
use  and  disposal  of  all  explosives,  and 
who  immediately  reports  to  the  under- 
ground manager  any  unusual  occurrence, 
and,  if  possible,  the  cause  of  the  same. 

The  cars  used  are  of  steel,  of  30  cu. 
ft.  capacity,  holding  from  1.7  to  1.8  tons 
of  ore,  the  gage  2  ft.  The  tracks  are  of 
28  lb.  rails,  except  near  the  face,  where 
an  18  lb.  rail  is  temporarily  used. 

Telephones  are  installed  in  the  slopes, 
connecting  through  a  central  office  with 
all  parts  of  the  works,  the  office  and  the 
houses  of  the  manager  and  underground 
manager. 

The  following  compressor  plant  was 
used :  One  Nordberg  duplex  compressor, 
cross  compounded  air  and  steam,  jet  con- 
denser using  fresh  circulating  water,  di- 
rect connected  to  low  pressure  crosshead 
of  the  compressor;  steam  cylinders,  18 — 
32x42;  air  cylinders,  19 — 20x42;  capacity, 
2,.500  cu.  ft.  of  free  air  per  minute.  One 
Walker  compressor  of  same  type ;  steam 
cylinder,  22,  42x48;  air  cylinder,  23V6,  38x 
48;  capacity,  3,500  cu.  ft.  of  free  air  per 
minute;  the  exhaust  steam  is  conducted 
to  a  surface  condenser,  using  salt  water 
from  the  sea  for  circulating  water.  One 
straightline  Norwalk  compressor,  com- 
pound steam,  compound  air,  with  a  jet 
condenser  using  fresh  water;  steam  cylin- 
der, 14—22x24;  air  cylinder,  UVa— 22x24; 
capacity,  1,200  cu.  ft.  of  free  air  per  min- 
ute. The  total  capacity  of  air  compress- 
ing plant  is  7.200  cu.  ft.  of  free  air  per 
minute. 
The  advances  are  as  follows : 
Slope  commenced  May  21st.  190G.  Dis- 
tance driven  to  December  31st,  1900,  704.ii 
ft. ;    distance    driven    to    December    30th, 

1907.  l,91fi.l  ft;  distance  driven  to  Decem- 
ber 24th,  1908.  .3,965  ft.  The  month  of 
least  advance  was  August.  1907,  in  pass- 
ing first  fault,  or  42.5  ft.  The  month 
of  greatest  advance  was  November,  1908, 
or  247.81  ft.  In  the  four  weeks  from 
the  Kith  of  November  to  the  14th  of  De- 
cember an  advance  was  made  of  270.1 
ft.      In    the    week    ending    December    7th, 

1908.  an  advance  was  made  of  72.5  ft. 
This  gives  a  record  of  11%  ft.  per  day 
for  :,  month,  and  12  ft.  1  in.  per  day  for 
a  week.  The  size  of  excavation  for  this 
driving  was  13  ft.  to  15  ft.  wide  bv  8  ft 
high. 

A  system  of  bonus  payments  for  rapid 
advance  greatly  helped  in  attaining  above 
results. 

The  above  is  condensed  from  a  paper 
prepared  for  the  Canadian  Mining  Insti- 
tute  liy  R.   E.   and   A.   R.   Chambers. 


Roads  and  Streets  Section 


Note :  This  Section  is  devoted  to  methods  and  costs  of  road  and  street  con- 
struction. It  will  cover  road  building  in  all  its  details,  the  construction  of 
pavements,  sidewalks  and  gutters,  the  testing  and  use  of  paving  materials  and 
the  machinery  and  tools  used  in  road  building  and  paving. 


Brick  Pavement  Construction    Along 

Street    Railway    Tracks  at 

Champaign,  111. 

During  last  summer  John  St.  in  Cham- 
paign, 111.,  was  paved  with  brick  on  a  con- 
crete base.  An  interestmg  feature  of  the 
\vork  was  the  construction  of  concrete 
foundation  slabs  for  the  rails  and  ties  of 
the  street  railway  track  which  was  built 
along  the  street.  The  work  was  described 
by  Mr.  G.  C.  Fairclo,  City  Engineer  of 
Champaign,  in  a  paper  read  before  the 
Illinois  Society  of  Engineers  and  Survey- 
ors, and  the  matter  in  this  article  has  been 
taken  from  his  paper. 

The  pavement  consisted  of  Culver 
block  laid  on  a  2-in.  sand  cushion  resting 
on  a  (1-in.  broken  stone  concrete  founda- 
tion. .-K  70-lb.,  7-in.  T-rai!  60  ft.  long  was 
used  for  the  car  tracks.  The  ties  were  well 
seasoned  oak,  6  in.  x  8  in.  x  8  ft.,  excepting 
at  the  turn-outs,  where  sawed  ties  werj 
used.  The  ties  were  spaced  5  ft.  center  to 
center,  save  at  the  joints,  where  a  tie  was 
placed  immediately  under  the  joint,  and  the 
ties  on  each  side  spaced  half  way  between 
the  joint  tie  and  the  second  tie  on  each 
side.  Switch  ties  were  placed  2il  in.  center 
to  center. 

The  sub-grade  for  the  street  was  first 
finished  as  if  no  car  track  was  to  be  built 
along  the  street.  Trenches  9  ft.  long  and 
18  in.  wide  were  then  dug  5  ft.  center  to 
■.-enter,  to  a  depth  of  19  in.  below  grade,  to 
provide  sufficient  space  for  a  concrete  foun- 
dation slab,  6  in.  deep,  18  in.  wide  and  9 
ft.  long  under  each  tie.  Between  the  tie 
foundation  trenches  and  under  the  position 
of  each  rail,  a  16-in.  wide  trench  was  dug 
to  a  depth  of  15  in.  below  grade,  to  pro- 
vide space  for  an  8-in.  thick  by  16-in.  wide 
foundation  slab  of  concrete  under  each  rail. 
The  ties  and  rails  were  placed  as  the 
trenches  were  completed,  and  the  rail 
spiked  in  place,  joints  being  broken  30 
ft.  After  this  the  track  was  lined  and 
graded  to  the  surface  of  the  pavement, 
blocks  placed  under  the  ends  of  each  tie 
and  shims  being  used  to  bring  the  track 
to  the  required  grade.  .\  Foote  mixer  with 
flanges  placed  on  its  wheels  was  mounted 
on  the  track  for  the  concrete  work.  The 
concrete  was  placed  first  in  the  trenches 
under  the  ties  and  rails  and  thoroughly 
tamped.  The  concrete  foundation  for  the 
roadway  on  each  side  of  the  track  was  con- 
structed at  the  saine  time,  the  work  being 
kept  only  far  enough  back  to  allow  thor- 
ough tamping  under  the  ties  and  rails. 

To  bring  the  surface  of  the  concrete  to 
the  required  crown,  forms  were  dragged 
over  it,  one  for  each  side  of  the  roadway. 


one   between    the   tracks   and    one    between 
the   rails.    These   forms    had   runners    shod 
with    steel    and    were    made    adjustable    so 
that  they  could  also  be  used  for  spreading 
the    sand    cushion.      The    roadway    forms 
were  so  made  that  one  end  rested  on  the 
concrete  gutter  and  the  other   end   on   the 
track   rails.     The   ends   of  the   forms   used 
on  the  tracks  and  between  the  rails  rested 
on  the  rails.    An  advantage  of  these  forms 
is  that  the  wavy  surface  often   seen  on   a 
brick  pavement  is  obviated. 
The  Culver  block  was  laid  as  follows : 
Where  there  was   single  track   the  brick 
between  the  rails  and  for  five  courses  out- 
side   each    rail    were    laid      longitudinally 
along  the  street   and  parallel  to   the  rails. 
From  the  face  of  the  gutter  flag  to  a  line 
five  courses  outside  of  each  rail  the  brick 
were  laid  at  right  angles  to  the  curb,  ex- 
cept   at    street     intersections,     where     they 
were  laid  at  an  angle  of  45  degrees  to  the 
curb.     Along   the   double   track   the   bricks 
between   the    rails   of  each    track    and   for 
five  courses  outside  the  outside  rail  of  each 
track    were    laid    longitudinally    along    the 
tracks.     Between    the    inside    rails    of    the 
tracks,    with    the    exception   of    one   course 
of  brick  which  was  laid  longitudinally,  the 
bricks  were  laid  at  right  angles  to  the  curb 
line.     From  the  gutter   flag  to   a   line   five 
courses  outside  the  outside  rails  the  brick 
were  laid  at"  right   angles  to  the  curb  line. 
The  paving  was   connected    with    the    car 
track  by  the   Nelsonville   Brick   Co.'s  filler 
and   stretcher   brick.      The    filler   brick   fits 
the  web  of  the  rail,  and  is  used  in  connec- 
tion with  the  stretcher  brick,  which  is  laid 
parallel   to   the   rail   and   against   the   filler 
brick,  making  the  proper  groove  for  the  car 
wheel  flanges. 

Between  lines  five  courses  outside  of  the 
outside  rails  Pioneer  asphalt  filler  was 
used.  From  these  lines  to  the  gutter  flag 
cement  grout  filler  was  used.  Asphalt  fill- 
er was  used  to  lessen  the  noise  made  by  the 
cars  passing  over  the  track  and  to  facili- 
tate the  repair  of  the  track,  as  the  brick 
may  be  removed  without  breaking  and  the 
filler  preserved  and  remelted  and  both  re- 
placed in  the  pavement. 

Expansion  in  the  grout-filled  pavement 
was  provided  for  as  follows :  Where  single 
or  double  street  car  tracks  were  built  along 
the  street,  %-in.  expansion  joints  were  con- 
structed along  the  face  of  the  gutter  be- 
tween the  first  and  second  rows  of  brick 
outside  of  the  rails  of  a  single  track,  and 
Ijetween  the  first  and  second  rows  of  brick 
outside  of  the  outside  rails  of  the  double 
track;  also  every  25  ft.  across  the  pave- 
ment,  extending   from    tlie   gutter    flag   on 
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each  side  to  u  line  live  row>  of  brick  out- 
side the  rail. 

The  pavement  was  built  by  contract,  the 
contract  price  being  $l.<i2  per  sq.   yd. 


Economic  Hints  for  Macadam    Road 

Contractors. 

(Continued  fnun  March  3  issue.) 

2't.  If  it  becomes  necessary  to  place  the 
rock  crusher  in  a  quarry  pit,  thus  involving 
a  sleep  pull  lo  get  out  of  the  pit,  load  the 
wagons  heavily  and  use  either  a  hoisting 
engine  or  a  snatch  team  to  assist  the 
teams.  Where  much  stone  is  to  be  han- 
dled in  this  manner,  a  hoisting  ciiKinc  is 
preferable  to  a  snatch  team,  since  an  en- 
gineman  at  $2.50  and  one-third  of  a  ton 
of  coal  will  do  more  work  than  a  team 
even  on  short  pulls,  and  far  more  on  long 
pulls. 

•_'<;.  The  steam  for  such  a  hoisting  en- 
gine can  usually  be  piped  from  the  boiler 
that  runs  the  rock  crusher. 

27.  Steel  channels  can  be  laid  up  the  hill, 
out  of  the  pit,  as  a  runway  to  make  easy 
pulling. 

28.  I£mpty  wagons  going  down  the  hill 
can  pull  the  hoisting  rope  back.  On  a  long 
hill  it  is  often  preferable  to  use  a  horse, 
driven  by  a  boy,  to  pull  the  rope  back. 

29.  On  long  hauls  where  there  are  steep 
hills,  have  your  wagons  and  teams  travel 
in  pairs.  Then  the  two  teams  can  be 
hoDked  onto  one  wagon  when  a  hill  is  en- 
countered. 

.■«>.  Furnish  each  of  your  teamsters  with 
a  time  card  Csuch  as  is  shown  in  Gillette's 
Handbook  of  Cost  Data),  so  designed  that 
the  time  of  leaving  the  stone  bin  and  the 
time  of  arrival  at  the  place  to  dump  the 
stone  can  be  punched  on  the  card  with  a 
conductor's  punch.  This  gives  such  a  com- 
plete record  of  the  speed  of  travel  and  of 
the  number  of  trips  made,  that  every  team 
is  sure  to  do  a  full  day's  work. 

•tl.  In  hiring  teams,  have  an  eye  to  the 
weight  of  the  horses.  A  horse  can  exert  a 
steady  tractive  pull  for  10  hours  equivalent 
to  about  one-tenth  its  own  weight.  A  1,200 
lb.  horse  will  therefore  exert  a  pull  of  120 
lbs.  all  day  long— although  several  limes 
that  amount  for  a  short  interval.  .\  l.COO 
lb.  horse  will  exert  a  steady  pull  of  160 
stone  for  •'<  cts.  per  cu.  yd.,  if  the  stone 
horse.  There  is  also  a  marked  difference 
in  the  speed  at  which  difTercnt  teams  walk, 
which  is  well  worthy  of  consideration  in 
selected   teams    for   hauling. 

32.  No  team  shouhl  ordinarily  be  used 
that  xvill  not  haid  at  least  H4  cu.  yds.  on 
a  pi'or  earth  road,  and  3  cu.  yds.  over  a 
macadam  road. 

33.  A  steam  roller  makes  a  good  traction 
engine  for  hauling  wagons,  but  a  roller  is 
too  busy  rolling  stone  to  do  any  hauling 
after  the  work  of  macadamizing  has  be- 
gun. If  hauls  arc  at  all  long,  and  if 
enough  road  work  is  in  sight  to  warrant 
liuying  a  traction  engine,  it  will  pay  In  ha\il 
ihe  broken  stone  with  an  engine.     Wagons 


made  especially  for  traction  engine  haul- 
ing should  then  be  used. 

34.  The  ordinary  portable  rock  crusher 
can  not  crush  stone  fast  enough  to  keep  a 
traction  engine  busy  on  short  haids,  hence 
the  desirability  of  installing  either  two  por- 
table crushers  or  one  large  stationary 
crusher,  where  a  traction  engine  is  used. 

3.''i.  If,  for  any  reason,  it  is  necessary  to 
crush  the  stone  and  store  it  in  stock  piles, 
use  a  clamshell  bucket  for  subsequent  load- 
ing of  the  stone  into  wagons.  A  laborer 
will  shovel  only  10  to  15  cu.  yds.  of  broken 
stone  from  a  stock  pile  into  a  wagon, 
whereas  a  clamshell  and  derrick  will  load 
stone  for  3  cts.  per  cu.  yd.  if  the  stone 
can   be   hauled  away   fast   enough. 

36.  A  steam  roller  rarely  consolidates 
more  than  50  cu.  yds.  of  macadam  (which 
is  equivalent  to  80  cu.  yds.  of  loose  stone 
and  screenings)  in  a  10-hour  day.  Hence 
it  is  necessary  to  provide  more  than  one 
roller  if  a  clamshell  bucket  is  to  work  to 
its  full  capacity.  This  feature  of  "bal- 
ancing the  plant"  is  frequently  overlooked 
in  estimating  the  costs  of  doing  any  par- 
ticular part  of  the  work  by  machinery. 

37.  In  making  stock  piles  of  stone,  where 
there  is  plenty  of  room,  the  best  plan  usu- 
ally is  to  haul  the  stone  away  from  the 
crusher  bins  in  small  side  dump  cars, 
building  long  piles  of  stone  not  very  high, 
the  rails  being  laid  on  top  of  the  stock  pile, 
and  shifted  laterally  to  widen  the  pile. 
When  this  is  done,  it  is  best  to  use  a  clam- 
shell bucket  mounted  on  a  locomotive  crane 
for  loading  the  stone  into  wagons  from  the 
slock  pile.  Where  the  stock  pile  is  not  to 
be  very  large,  a  fixed  derrick  can  be  used 
to  pile  up  the  stone  in  a  high  conical  pile, 
and  subsequently  the  same  derrick  will  serve 
to  handle  the  clamshell   bucket. 

Where  a  locomotive  crane  is  used,  a  cir- 
cular track  can  be  built,  so  that  the. crane 
can  deposit  the  stone  in  a  conical  pile  in 
the  center  and  also  deposit  in  an  annular 
ring  outside  the  tracks.  Then  the  same 
crane  can  handle  the  clamshell  bucket  for 
loading  into  wagons. 

38.  Where  broken  stone  is  delivered  in 
boats,  a  clamshell  is  unquestionably  the 
most  economic  means  of  unloading.  It  is 
also  economic  in  handling  broken  stone 
delivered  in  cars,  unless  the  cmiditions  are 
such  that  the  cars  can  be  dumped  through 
a  trestle  into  a  stock  pile,  which  is  rarely 
possible  on  roadwork.  If  large  quantities  of 
stone  are  lo  l)e  unloaded  al  <ine  point,  it 
may  pay  to  erect  a  trestle,  or  to  dig  a  pit. 
so  that  the  cars  can  be  dumped  and  the 
stone  delivered  onto  an  incline  that  will 
chute  it  ofT  to  one  side  where  it  can  be 
picked    up    by   a    clamshell. 

3!).  If  stone  must  be  shoveled  by  hand 
from  cars,  sec  to  it  that  it  is  shipped  in 
flat  cars,  not  in  gondolas,  for  it  is  far 
easier  to  shovel    from   a   flat   floor. 

40.  In  loading  wagons  by  hand  from 
cars,  always  provide  one  or  more  extra 
wagons  which  can  be  loaded  during  the  ab- 
sence of  the  learns,  for  only  a  few  men 
can  work  to  advantage  in  car  shoveling  in- 


to a  wagon  and  the  process  of  loading  is 
necessarily  slow.  Therefore,  to  save  team 
time,  provide  an  extra  wagon,  imhitch  the 
team  from  the  empty  wagon,  immediately 
in  the  rear  of  the  loaded  wagon,  fasten 
the  tongue  of  the  empty  wagon  to  the  rear 
of  the  loaded  wagon,  hitch  the  team  to  the 
loaded  wagon  and  pidl  ahea<l  far  enough 
to  bring  the  empty  wagon  opposite  the 
men  in  the  car,  and  unhook  the  empty. 
This  entire  operation  need  consume  only 
1V4  niin..  and  is  a  great  saver  of  team 
time. 

41.  Ij>ad  all  wagons  uniformly,  and 
have  wagons  of  uniform  size.  This  is  es- 
sential in  order  to  keep  a  careful  record 
of  the  yardage  of  broken  stone  delivered 
on  the  road. 

42.  In  determining  the  average  thickness 
of  loose  broken  stone  on  the  road,  by  far 
the  most  accurate  method  is  to  dump  a 
given  number  of  wagon  loads  of  known 
size  every  "station"  of  100  ft.  Any  other 
method  leads  lo  dispute,  for  it  is  impossi- 
ble to  measure  the  thickness  of  loose 
broken  .stone  accurately  after  it  is  dumped, 
and  is  also  impracticable  to  ascertain  the 
thickness  of  the  rolled  macadam  with  any 
great  precision,  particularly  where  the  sub- 
grade  is  at  all  yielding. 

Some  specifications  prescribe  that  small 
wooden  blocks  shall  be  placed  on  the  road- 
bed at  given  intervals  and  that  the  loose 
broken  stone  shall  be  spread  so  that  a 
straight  edge  laid  on  these  wooden  blocks 
will  touch  the  top  of  the  broken  stone  all 
along  between  the  blocks.  This  method 
has  some  merit,  but.  where  the  stone  is 
spread  with  a  machine  of  any  kind,  the 
wooden  blocks  are  displaced,  and  the  meth- 
od of  using  such  blocks  becomes  very  ob- 
jectionable. Since  broken  stone  should  al- 
ways be  spread  by  machines,  for  the  sake 
of  true  economy,  there  is  no  thoroughly 
satisfactory  way  of  determining  the  thick- 
ness of  the  loose  broken  stone,  e.xcept  by 
measuring  or  weighing  the  wagon  loads 
and  depositing  them  at  calculated  intervals. 

4.'5.  Dump  the  coarse  broken  stone  di- 
rectly on  the  subgrade.  but  dump  the 
screenings  or  binder  in  piles  on  the  earth 
shoulders  of  the  road,  whence  it  can  be 
shoveled  onto  the  rolled  macadam  at  the 
proper  time.  Some  contractors  make  slock 
piles  of  the  screenings  near  the  crusher, 
haul  it  onto  the  road  as  needed  and 
^pre.'id  it  on  the  rolled  macadam  directly 
from  the  wagon,  using  shovels  for  the  pur- 
pose. This  involves  three  handlings,  once 
from  the  bin  to  the  stock  pile,  again  from 
the  stockpile  lo  the  wagon,  and  finally  from 
the  wagon  to  the  road.  The  last  shovel- 
ing (from  the  wagon  to  the  road)  is  par- 
ticularly expensive,  for  the  screenings  must 
be  carefully  spread,  which  lakes  lime  and 
holds  the  team  and  driver  many  unneces- 
sary minutes  each  load. 

44.  Never  dump  the  coarse  stone  in  piles 
on  the  shoulders  of  the  road,  to  be  after- 
ward shoveled  into  the  road.  It  costs  15 
cts.  per  cu.  yd.  to  shovel  the  stone  in  this 
manner,  even  when  wages  are  only  15  cts. 
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per  hour.  Some  ancient  history  specitica- 
tions  still  prescribe  the  dumping  of  the 
stone  in  piles  on  the  side  of  the  road  or 
upon  boards  in  the  center,  from  which  it  is 
to  be  shoveled  into  the  road.  The  origina- 
tor of  this  fool  specification  is  dead  and  his 
tombstone  does  not  monument  his  foUv. 
Whoever  he  was,  he  appears  to  have  rea- 
soned that  wherever  stone  is  dumped  in  a 
pile  it  is  consolidated  by  its  fall  from 
the  wagon,  and,  being  so  consolidated, 
there  is  more  solid  stone  where  the  pile 
fell  than  in  the  adjacent  areas  where  it 
has  been  shoveled  by  hand.  And  then  he 
appears  to  have  reasoned  that  this  pre- 
vents an  even  distribution  of  the  solid 
stoni.',  unless  all  of  it  is  spread  by  shovel- 
ing. To  overcome  this  objection,  spread 
all  the  stone  with  a  machine,  for  the  blade 
of  the  machine  can  readily  move  all  the 
stone  about  and  secure  even  density. 

(The  machines  to  be  used  for  spreading 
will  be  described  in  the  next  of  this  series 
of   articles). 


Notes  on  State  Highway  Work  in  1908 

The  following  notes  on  highway  work  in 
1908  in  a  number  of  states  have  been  com- 
piled from  various  state  reports  and  from 
information  furnished  us  by  the  state  en- 
gineers or  commissioners. 

NEV\-  C.\STLE  COUNTY^  DEL.\W.\RE. 

During  the  calendar  years  1907  antl  1908 
a  total  of  53.81  miles  of  macadam  roads 
were  built  in  New  Castle  County,  Dela- 
ware, at  a  cost  of  $376,279.  The  average 
cost  per  mile  of  these  roads  was  $6,99'2. 
The  average  engineering  expenses  per  mile 
was  $122.01,  and  the  average  per  mile  for 
e.xtra  work  was  $192.09.  The  average 
width  paved  was  12  ft.  although  some 
roads  were  constructed  with  a  stone  bed  of 
16  ft.  and  in  one  case  a  section  was  con- 
structed with  a  width  of  9  ft.  Granite  was 
mainly  used,  although  limestone  was  used 
in  some  cases. 

The  per  cent  of  engineering  expenses  to 
the  total  cost  was  about  1.8  per  cent.  The 
accompanying  table  shows  the  averages  pc 
mile  of  total  co.st  of  engineering  and  extra 
work  of  roads  built  in  New  Castle  County 
during  1907-1908. 

ILLINOIS. 

The  Highway  Commission  of  this  state 
has  an  annual  appropriation  of  $50,000,  and 
this  amount  of  money  was  expended  dur- 
ing 1908  in  road  construction  and  super- 
vision  of   brid,gc  construction. 

Thirty-five  miles  of  macadam  road  were 
constructed  in  the  state,  using  about  120,- 
000  cu.  yds.  of  stone,  which  were  crushed 
by  convict  labor  at  the  penitentiaries,  and 
furnished  free  to  road  districts  desiring  to 
use  the  same. 

Last  season  an  experiment  was  tried  on 
1%  miles  of  earth  road,  treated  with  as- 
phalt, and  the  results  indicated  that  this 
form  of  construction  is  practical.  But  con- 
siderable more  work  will  have  to  be  done 
before  a  standard  method  can  lie  deter- 
mined.     Experiments    were    also    tried    the 


past  season  upon  slag  and  gravel  roads, 
treated  with  tar,  and  the  same  kind  of 
road  treated  with  asphalt.  This  form  of 
construction    is    also    qviite    promising. 

MAINE. 

During  1908  a  total  of  437,387  lin.  ft. 
of  roadwork  was  completed  in  this  state 
at  a  cost  of  $264,583.  The  quantities  and 
costs   were  as   follows : 

Lin.  ft. 

Macadam     5i  ),004         $  75,432. 1 1 

Tar   macadam    846  2,797.30 

Gravel     287,006  141,718.21 

Block   paving    •  • 1,461  9.453.78 

Gravel    and    earth....   10,863  .5,419.94 

Earth    87,207  29,761.77 

Total    437,387        $264,583.11 

AVERAGES  PER  MILE  OF  TOTAL  COST, 
ROADS   BUILT    IN   NEW    CASTLE   COUNTY. 


.\bout  $8,000  was  spent  for  engineer- 
ing and  inspection,  of  this  sum  $3,300  be- 
ing for  engineering.  Engineering  and  in- 
spection was  about  3  per  cent  of  the  total 
cost  of  the  roads,  engineering  alone  being 
about  1.2  per  cent.  It  is  proposed  to  build 
about  100  miles  of  road  this  year. 

M.\RVL.\ND. 

The  following  roads  were  completed  in 
1908  under  the  direction  of  the  Highway 
Division  of  the  Maryland  Geological  Sur- 
vey : 

Cost. 

Macadam,    32   miles .....$288,406 

Shell,    0.57    mile 2,337 

Sand    clay,    1    mile 2,262 

ENGINEERING    AND    EXTRA     WORK.     OF 
DURING  THE  TEARS  1907-190S. 

Cost    of    Road.  Engineering  Extra  Work. 
Expenses. 


Name    of    Road. 


a 


■tj  '^  <V  P.4J 

ri       .-  vt       a;  "^ 

Spa 

Foulk  Road 

Del'w'reCity  to  RedLionCreel-:  >  12  6 

River  Road   »  12  6 

Summit   Road    i  12  6 

Telegraph   Road    =  12  S 

Mt.    Pleasant   to   Bovd's   Cor..  '  12  6 

Depot  &   Telegrapli   Road -  16  6 

Depot   Road   (1st    Sec.) =  16  6 

Depot  Road    (2d  See.) ■'  12  6 

Cliristiana   to  Stantun '  12  6 

Wilmington    to   New    Castle..  '  14  S 

Wilmington  &  Cliristiana  Tp'k  '•  16*  .Sf 

Talleyville  to  Perkins  Cor "  12  6 

Lancaster  Pike   "  16**  4tt 

State  Road    ■  12  6 

Middletown  to  Maryland  Line  '  12  S 

T'yl'rsBrdg.  to  Flemings  Ldg.  .  0***  4ttt 

Rogers  Cross  Road i  14  8 

Farnhurst  to  New  Castle  Rd.  '  12  8*t 
Coopers    Cross    Road    to    Mc- 

Cannon's  Church    -'  12  S 

Wilmington     and     Christiana 

Tp'k    »  16**  S*t 

Totals  and  averages 

*16   ft.   for  2.2   miles;    12   ft.    for  l..->2   miles, 
ft.  to  12  ft.     tt4  in.  to  S  in.     •♦*ti  ft.  and  12  ft 

1  Brandywine  granite.     -  Granite.     "  Cedar 
^  Granite    and    trap   rock.      "Native   granite. 

The   following  table   shows  the   cost  per 
mile: 

Av.  thickness 
Total  Av.  width  of  complete     Av. 
miles      paved,      pavement     cost 
built,  about  ft.  ins.    per  mile. 

Gravel    ...54.36  20  8  $2,600 

Macadam..   9.50  20  6  7,940 

Misc 19.14 


Total     ..83 

The  work  was  done  by  contract,  the  aver- 
age  unit   price   being  as   follows : 

Per  sq.yd. 
Rolled  in  place. 

Gravel     . $0.21 

Macadam    50 

Telford     36 

Tar  macadam    - 71 

Block   paving    1.60 

The  prevailing  daily  wages  for  common 
labor  was  $1.65;  for  two  horse  team  and 
driver,  $4.25.  Nine  hours  constituted  a 
working  day. 
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$133 
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.S,25 

25,912 

7,973 

499 

138 

439 

135 

1.3S 

11.128 

8,964 

155 

113 
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16.S52 
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23.857 
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115 
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0.13 

1,352 

10,400 

16 
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25,172 

6,438 

532 
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545 
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25,497 

8,094 

313 

99 

1,180 

37  b 

■>,  64 

23,249 

8,807 

348 

132 

1,563 

b92 

3  72 

29,486 

7.926 

607 

163 

1,144 

308 

4.,';.'; 

29,279 

6.435 

462 

102 

670 

14V 

2  91 

29,476 

10,129 

256 

88 

675 

232 
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20,363 

6,189 

268 

81 

604 

184 

3.11 

18,298 

5,883 

324 

104 

468 
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4,547 

967 

800 

170 

113 

24 

(1  67 

4,781 

7,136 

63 

94 

51 
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1.24 

6.776 

5,464 

94 

76 

131 

106 

1.17  8.853       7,566  94         81  114        97 

0.89  6.592      7,407  115      129  43        48 

ivTsi    $376,279    $6,993     $6,565    $122     $10,337    $192 

tS  in.  for  2.2  miles;  6  in.  for  1.52  miles.     »*16 
ttt4  in,  more  or  less.     *tS  in.  and  6  in. 
Hollow    limestone.       '  Granite    and    limestone. 
'  Limestone.     »  Granite  bottom,  limestone  top. 


The  cost  per  mile  of  this  work  is  shown 
in  the  accompanying  table : 

Av.  thickness  Av. 
Total  Av.  of  completed  cost 
miles  width  pavement  per 
built,  paved  ft.       ins.  mile. 

Macadam     ..32      12  to  14    6  to  8    $9,012.67 

Shell    0.57    9  to  12     9  4,100.02 

Sand    clay...   1       18  6  2,262.32 

The  average  unit  prices  for  road  work 
in  1908  were  as  follow :  Gravel,  $1.60  per 
cu.  yd.  rolled  in  place;  macadam,  6  in.  and 
8  in.  rolled  in  place,  $4.20  per  cu.  yd.,  and 
$3.15  per  ton;  extra  earth  excavation, 
$0.65  per  cu.  }d.  Tlie  prevailing  daily 
wage  per  common  labor  was  $1.45  per  day, 
and  $3.50  per  day  was  paid  for  two  horse 
teams  and  driver.  The  working  day  was 
10   hours. 

The  Highway  Division  of  the  Maryland 
Geological  Survey  has  for  several  years 
been  investigating  the  matter  of  I'oad  pre- 
servatives and  dust  preventives,  making 
elaborate  analj-ses   and   tests   in   its   labora- 
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i'>r>,  Hi  well  as  watcliiiiK  ilu-  results  ub- 
Miiu-J  on   ihc   roads   in  other  places.     The 

liviKion  has  done  sonic  work  on  its  own 
■.|^l|^    with   very   s:ttisfaclor\    results,   espc- 

i.tll>  ill  the  line  of  the  "peiutratinn  proe- 
.  -.s" — that  is  the  niclhiHl  ot  %aturatiiiK  the 
macadam  from  the  top  with  pitch  coni- 
piiuiiiU  ot  variiius  kinds,  and  helieves  that 
the  success  of  this  method  is  assured,  un- 
der certain  conditions  at  least,  and  that  the 
miiiii  thing  remaining  to  be  accomplished 
1^  the  pro|)er  ^tanilardizing  of  the  pitch 
compound.  The  division  is  now  at  work 
<iii    this   problem. 

MtCIIIC.VN. 

Since  July  1,  190o,  the  total  number  of 
miles  (if  road  completed  in  this  state  has 
been  as  follows:  Clay  gravel,  1  mile; 
{gravel,  loo  miles ;  macadatn,  l(>(i  miles. 
The  total  cost  has  Ikch  $1,002,000  including 
$250,000  paid   in    state   reward. 

I  he  average  cost  of  road  work  in  190f 
was  about   as    follows: 

Gravel  ftoads,  $1.-Vt0  per  mile  for  a  !•  ft. 
|i.!\cd  width,  8  in.  depth  of  completed  pave- 
ment ;  macadam  ro.ids,  $4,000  per  mile  for 
a  !'  ft.  paved  width  and  li  in.  depth  of  com- 
pleted   pavement. 

The  State  Highway  Department  docs  not 
have  charge  of  road  construction  and  only 
pays  rewards  on  roads  that  arc  completed 
by  local  authorities  in  accordance  with  the 
specifications   of  the   Highway    Department. 

.MIsSOLRI. 

The  following  data  must  be  considered 
.only  as  fairly  close  approximations.  The 
State  Highway  Department  records  shows 
Jl  special  road  districts  in  the  state.  There 
are  114  counties  of  which  10-1  complied 
with  the  Missouri  laws  of  1907  and  ap- 
pointed county  highway  engineers.  Three 
n.crths  ago  the  State  Highway  Department 
.icnt  blank  forms  upon  which  to  make  a 
return  report  to  an  official  of  each  of  the 
•"•1  districts,  the  101  county  engineers  and 
to  some  county  official  in  the  counties  with- 
out an  engineer.  Replies  were  received  from 
27  districts  and  •j7  counties.  Just  one-third 
of  the  districts  and  one-half  of  the  coun- 
ties. These  were  so  well  distributed  over 
the  state  that  the  summary  of  the  district 
reports  received  were  trebled  and  that  of 
the  counties  doubled  in  onlcr  to  arrive  at 
the  total  for  the  state.  The  data  obtained 
from  these  reports  are  ^hown  in  the  ac- 
companying   tabulation : 

Moiodam — 
Total  miles  of  macadam  roads   .  800 
Miles    of    macadam     roads     con- 
structed in   10O8 120 

Public   funds    (money   and   lal>or) 

"11  macadam  const  ruction  1!HV».  $208,000 
Donations    (cash)    on      m:ica(lam 

construction    1908    $2l.ii«M) 

\verage   cost   per   mile   constnic- 

tion    of    19(W  $2,700 

Gravel — 

Total   miles   of   gr.ivel    road^ l.COO 

Miles  gravel  road  constructed  1908  ,300 

I'ublic    funds    (money   and   labor) 
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Donations  (cash)  un  gravel  con- 
struction  1908   5«ii»,(>t>0 

.Average   cost   per   mile   consti^ic- 

tion  of   1!H»8   $I,IMW 

liarth    ( Including    all    olltcr    than    ma- 
cadam and  gravel)  — 

Total   miles  of   earth   roads .   103,tJO0 

lC.\penditure  (money  and  labor) 
on  earth   roads   1908 $1,017,000 

.\veragc     expenditure     1908     per 

mile  of  earth  road $9.80 

7"i>/ij/  Expenditures   Upon  Roads — 

Total    miles    of    road 109,000 

.Miles  of  rock  and  gravel  con- 
structed in   1908    420 

Pfblic  funds  (money  and  labor) 
expended    in    1908 $l,.j73,000 

Donations  (cash)  expended  in 
l'J08    $8.'.,200 

Total  expenditures  (money  and 
labor)    in    1908    $l.ti.j8.2(K> 

Percentage   of   donations   to   total 

expenditures     5.4% 

Total    Expenditures    Upon    Culverts — 

Total  number  of  culverts  (not  in- 
cluding   small   pipe   drains ) 89,00o 

Public  funds  (money  and  labor) 
expended   in   1908 $1^.400 

Donations    ( cash )      expended     in 

1908    $17,500 

Total  expenditures  for  construc- 
tion   in    1!'08 $180,900 

Expenditures  (money  and  labor) 
repairs  and  maintenance  in 
l!i|i8     $128,000 

Total   1>I08    $:308,90O 

Percentage  of  donations  to  total 
expenditures    5.6% 

Ptrcentage  of     expenditures     for 

repairs  and  maintenance   41% 

Total  Expenditures   L'pon  Bridges — 

Total   number  of  bridges lti,000 

Public  finds  (money  and  labor) 
expended   iij    1908 $(>«,000 

Donations     (cash)     expended     in 

1908 $37,000 

Total  expenditures  for  construc- 
tion in  1908 $(i70,000 

Kxpcnditurcs  (money  and  labor) 
repairs  and  maintenance  in  1908   $133,000 

Total    1908    $803,000 

Percentage  of  donation  to  total 
expenditures     4.6% 

Percentage  of  expenditures  for 
repairs  and  maintenance   17'/r 

Total   expenditures    culverts    and 

bridges   in    1908 $1,111,900 

Grand  Totals — 

Total  miles  of  roads..  109,000 

Miles    improved    5,400 

Percentage    of    improved    roads..  5% 

Total  munlHT  of  culverts 89,000 

Total   number  of  bridges lii.OOO 

Total  expenditures  upon  roads  in 

1908     $1.(5.58.200 

Total  expenditures  upon  culverts 
in    1908    $308,900 

Total  expenditures  upon  bridges 
in    1908    $803,000 

(Irand  total  of  expenditures,, 
roads,  culverts  and  bridges  for 
ino.«    $2,770,100 


Percentage   of  grand  total   •••    ■  - 

peiiditures    for    roads..  ({0% 

Percentage   of  grand   total  oi   e\ 
penditures       for      culverts      and 

bridges     lO'/c 

Percentage    of    the    above    grand 

total    expenditure    in    labor 40^^ 

.\verage  rate  of  poll-tax   $3.00 

.\veragc  levy  for  road  lax  (prop- 
erty) on  the  $100  of  assessed 
valuation  of  property  for  1908.  $0.12 
'1  he  labor  donati<Jns,  of  which  no  record 
is  made,  is  e<|iial  too  if  not  greater  than 
the  cash  donations.  In  some  of  the  coun- 
ties a  large  amount  of  the  rock  and  gravel 
road  work  is  done  by  labor  donations. 
There  being  no  record  of  this  labor  it  re- 
duces the  apparent  cost  per  mile  of  rock 
and  gravel  roads  some  little  below  the 
actual  cost.  Moreover  a  large  number  of 
these  roads,  especially  the  gravel,  are  sec- 
ond class  roads,  some  of  which  are  both 
narrow  and  second  class,  considering 
which  the  cost  is  not  much  below  the  av- 
erage. 

PENNSVLV.\NIA. 

In  this  state  217  miles  of  ro.m  «ere 
completed  in  19i.>8,  at  a  total  cost  of 
$2,200,0(Wi.  The  average  cost  per  mile,  in- 
clusive of  all  bridges,  culverts,  etc.,  were 
as    follows : 

Average 
thickness 
Average  of  com-  Average 
Total        width     pletcd        cost 
miles         paved,  pavement,  per 
built.  feet.        inches,     mile 

Macadam, 
Telford    .202  16  9  $10,000 

Brick    15  16  $18,500 

'The  average  unit  prices  were  :is  I'oUows : 
Macadam  per  cu.  yd.  rolled  in  place,  $3.75: 
telford  per  cu.  yd.  in  place,  $2.25;  brick. 
$1.<>5  per  sq.  yd.,  on  broken  stone  founda- 
tion :  extra  earth  excavation,  $0.52  per 
cii.  yd. 

Engineering  and  inspection  was  about 
5  per  cent  of  the  total  cost  of  the  roads 
built  in  1908.  The  total  amount  spent  of 
engineering  and  inspection  was  about  $110,- 
000.  of  this  amount  alKitit  $44.i.)00  was  for 
inspection.  The  prevailing  daily  wages  for 
common  lalxir  was  $1.50;  for  two-horse 
team  and  driver,  $4.50.  A  10-hour  day  was 
worked. 

NEW     n.\MPSHISE. 

.■\  total  of  71  miles  of  gravel  and  ma- 
cadam roads  were  completed  in  this  state 
in  I9<K8.  Of  this  total  5.»  miles  were 
gravel  roads  costing  $181..*iO<i  and  16  miles 
were  macadam  costing  $li>8.i>*Ni,  The  av- 
erage cost  per  mile  of  these  roads  was  as 
follows : 

.\v.  thickness     .^v. 

Total      .\v.    of  completed    cost 

miles     width     pavement      per 

built,     paved  ft.     ins.  mile. 

Gravel    .5.5  15  8  $3,300 

M.ncadam    ...16  15  6  $6,750 

The    averaui'    unit    prices    for    rn.-ul    work 
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in  1908  were  as  follows:  Gravel,  per  cu. 
}d.  rolled  in  place  $0.83;  macadam  per  ton 
rolkd  in  place  $2.09;  ,  earth  excavation, 
$0.52  per  cii.  yd.  Other  average  contract 
prices  taken  from  the  report  of  the  state 
engineer  for  the  period  Nov.  16,  190t),  to 
Aug.  31,  1902,  are  as  follows:  Borrow, 
$0.66  per  fu.  yd.;  ledge  excavation,  $2.40 
per  cu.  yd.;  concrete  masonry.  $8.88  per 
cu.  yd,;  dry  masonry,  $2.58  per  cu.  yd.; 
underdrain,  $0.45  per  lin.  ft. ;  fencing  $0.28 
per  hn.  ft.  The  prevailing  daily  wages 
per  common  labor  was  $1.75  and  for  two- 
horse-teams  and  driver  $4  to  $4.50,  a  nine- 
hour    day    was    worked. 

Engineering  and  inspection  was  2.9  per 
cent  of  the  total  cost  of  the  roads  built  ni 
1908. 

VERMONT. 

About  63.50  miles  of  gravel  roads  and 
36.37  miles  of  gravel  telford  roads  were 
completed  in  this  state  in  1908,  at  a  total 
cost  of  $241,795.  About  $6,000  was  spent 
in  engineering  and  inspection,  about  $1,500 
of  this  sum  being  for  engineering.  The 
prevailing  daily  wages  for  common  labor 
was  $1.75,  and  two-horse  teams  and  driv- 
ers received  $3.50  to  $4.  The  working  day 
was   9  and   10  hours. 

VIRGINIA. 

The  following  table  shows  the  average 
cost  of  roadwork  completed  in  the  state 
in  1908: 

Average 
thickness 


Vol.  XXXI.     No.  lo. 


Unclassified  and  General  Articles 


Note:  This  section  is  devoted  to  methods  and  cost  articles  on  construction 
work  net  properly  coming  under  any  of  the  preceding  classifications. 


Average    of  com-    Average 
Total  width        pleted        cost 

miles  paved,     pavement,    per 

built.  feet.        inches,     mile. 

Gravel    ..20.3  14  9  $1,543.60 

Maca- 
dam   ..31.7  14  0  $4,476.11 
1  he  prevailing  daih   wages  for  common 
labor    was    $1 ;    for    two-horse    team    and 
driver,  $3.     The  working  day  was  8  hours. 
It    is    proposed    to    expend   $700,000    this 
year    for    the   construction    of   50    miles    of 
gravel  roads  and   125  miles  of  macadam. 


Riverside  Drive  in  New  York  City  is  to 
be    extended    from    155th    St.    to    connect 
with    the    Hudson    Memorial    Bridge    over 
Spuyten   Duwil   Creek.   The  estimated  cost 
of    the    work    is    $4,850,000,    and    bids    are 
now  being  asked  by  the  President  of  Man- 
hattan   Borough.     The    work    includes   the 
construction   of  a  $2,000,000  viaduct.     The 
drive  will  be  115  ft.  wide,  with  a  roadway, 
two  sidewalks  and  a  bridle  path.     The  In- 
wood   or  Fulton  viaduct,   which   will   carry 
the  extension  over  the  Inwood  valley,  will 
be  100  ft.   wide,   150  ft.  high  and  1,800  ft. 
in   length.     It   will    consist   of  three   spans 
of    150    ft.    each    .-iiid    six    spans   of   75    ft. 
The   approaches    will    be   of  granite.     The 
total   length    of   the   extension    will   be   SVz 
miles. 


A  total  of  327.15  tons  of  explosives  were 
used  during  January  on  (he  Isthmian  Ca- 
nal work. 


Method    of    Making   Assessments  for 
Drainage  Districts. 'i' 

There  arc  several  theories  advanced  as 
to  the  way  of  reaching  an  equitable  ap- 
portionment of  the  cost  of  construction 
that  each  tract  of  land  should  bear  in 
a  drainage  district.  Most  of  these  pos- 
sess merit,  but  all  fall  short  of  furnish- 
ing anything  like  a  satisfactory  rule 
in  all  cases.  Different  conditions  are 
found  in  different  districts,  no  two 
being  alike,  and  wlien  a  formula  at- 
tempts to  meet  all  conditions,  it  becomes 
so  complicated  that  it  is  not  practicable 
and  leads  to  confusion.  While  it  is  ad- 
visable and  necessary  to  have  some  sys- 
tem, yet  it  is  almost  wholly  a  matter  of 
judgment,  and  upon  it  will  depend  the 
equitable  and  proper  distribution  of  the 
cost  of  the  improvement. 

Commissioners.~Men  should  be  appoint- 
ed for  this  work  who  have  qualification^ 
that  fit  them  for  it.  They  should  be  men 
who  have  some  knowledge  of  drainage  in 
general;  who  are  good  judges  of  land  and 
who  can  distinguish  at  a  glance,  wet  or 
low  land  from  land  that  does  not  need 
drainage;  men  who  can  tell  in  a  day 
season  what  lands  are  liable  to  be  wet 
in  a  wet  season. 

Appoint  such  men  as  commissioners 
and  it  does  not  matter  what  system  they 
use  in  arriving  at  their  conclusions,  they 
will  not  turn  in  an  assessment  roll  until 
they  are  satisfied  it  is  right,  and  if  they 
have  no  system  to  begin  with  or  if  the 
system  they  have  does  not  work  out  to 
their   satisfaction,  they  will  make  one. 

I  shall  not  attempt  to  give  any  mathe- 
matical formula  or  plan  for  spreading 
assessment,  but  will  try  to  deal  with 
some  of  the  conditions  that  arise  and 
that  must  be  intelligently  met  and  solved 
by  the  commissioners  in  order  to  make 
an    equitable    assessment. 

Time  of  Making  Assessment. —The  best 
time  for  spreading  assessments  is  in  the 
spring.  During  this  time  of  the  year  the 
ground  is  free  from  vegetation,  giving  an 
unobstructed  view  of  the  surrounding  land. 
In  order  to  classify  or  judge  a  tract  of  land 
intelligently  it  is  necessary  to  compare  it 
with  other  tracts  of  land  surrounding  it, 
that  is,  its  elevation  as  compared  with  oth- 
ed  lands. 

In  the  spring  after  the  frost  is  out  and 
after  the  heavy  rains,  is  an  ideal  time 
for  this  work.  When  the  corn  and  the 
other  crops  are  high  enough  to  obstruct 
the  view,  it  is  almost  impossible  to  do 
satisfactory     work.       A     few     inches     of 


*A  paper  presented  at  the  Iowa  Drainage 
Convention  by  H.  M.  Sparboe  of  Webstir 
*-  iiy.   Iowa. 


snow    on    the    ground    also    makes    a    very 
unsatisfactory  condition  for  this  work. 

Plat  and  Water  Shed.—The  water  shed 
should  be  taken  as  accurately  as  possible 
and  shown  on  the  plat,  together  with  ele- 
vation at  all  low  points  on  each  40-acre 
tract.  The  exact  location  of  the  ditch 
should  be  decided  on  and  accurately  shown 
on  the  plat  before  the  assessment  is  made. 
If  a  radical  change  is  made  in  the  location 
of  the  ditch  after  the  assessment  is 
made,  it  will  in  most  cases  work  an  in- 
justice to  some  one.  A  few  days  of  ex- 
tra work  by  the  engineer  in  getting  these 
details  while  laying  out  the  district  will 
be  more  than  saved  by  the  commissioners 
and  will  enable  them  to  do  better  work. 

Viciving   the  District.— li   is   a    well    es- 
tablished   fact   that   the   nearer   a   tract   of 
land  lies  to  a  ditch  the  more  benefit  it  re- 
ceives and  the  farther  away  from  the  ditch 
it  lies,  the  less  benefit  it  receives.     In  view- 
ing the  land  in  the  district,  it  becomes  nec- 
essary to  note  not  only  the  quality  of  each 
tract   of   land    (which   are   usually   40-acre 
tracts),  but  also  the  distance  to  the  ditch 
by  its  natural  water  course.     For  this  pur- 
pose,   each    commissioner    should    carry    a 
plat  (a  very  light  colored  blue  print  is  good 
for    this    purpose    as    it    will    show    pencil 
marks).     A  good  plan  is  to  commence  at 
the  outlet  and. work  up.     This  will   enable 
the  commissioners  to  trace  every  little  wa- 
ter course  and   show   on   the   plat   at   what 
point    each    tract    of    land    gets    its    outlet 
into  the  ditch.     It   is   not   unusual  to   find 
land  within  a  few  rods  of  the  ditch,  while 
the  water  has  to  be  carried  a  mile  or  more 
before  getting  into  it. 

.A.11  sub-divides  should  be  marked,  show- 
ing as  near  as  possible  what  proportion 
of  each  tract  sheds  into  the  different  draws 
or  water  courses.  It  is  absolutely  neces- 
sary to  get  these  details  in  order  to  give 
the  proper  offsets  for  distance,  from  drain 
when  making  the  assessment.  Any  other 
condition  existing  that  would  be  taken  into 
consideration  should  be  made  note  of.  A 
l)Ook  or  plat  should,  of  course,  be  used 
for  keeping  a  record  of  the  quality  of 
each  tract,  either  by  some  system  of  clas- 
sification, such  as  the  number  of  acres  of 
swamp,  wet,  low  and  high,  or  by  some 
system  of  percentage  or  comparison. 

After  the  commissioners  have  gone 
over  the  district,  they  should  not  only 
have  the  classification  or  quality  of 
each  tract,  but  should  be  able  to  recall 
every  condition,  either  from  memory  or 
by  referring  to  the  plat  of  the  whole 
district  as  well   as  each  individual  tract. 

Occasionall.v.  small  swamps  or  ponds, 
are  found  on  land  that  lies  high  abo've 
the   surrounding  land   and   could   be   easily 
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ilruint-tl  Such  ponds  should  not  he  Ircatrd 
ilic  same  as  ponds  on  lowrr  land  wilhoui 
an  uutlrt.  A  great  many  conditions  arc 
found  which  are  very  niislradint;,  take,  for 
instance  the  farm  that  is  illy  cared  for  and 
poorly  fanned:  a  farm  that  is  low  and 
hard  to  work  and  gels  too  wet  some  sea- 
>uns  and  the  owner  or  tenant  abandons 
part  of  it  and  lets  it  grow  to  weeds  Ad- 
joining this  land  we  find  a  farm  that  is 
jtist  as  low  and  as  hard  to  work,  but  the 
owner  manages  to  keep  the  weeds  down 
and  where  his  corn  drowns  out,  he  plows 
it  up  or  sows  it  to  millet  or  turnips  and 
manages  to  raise  something  and  keeps  it 
l<M>king  better  than  it  is.  The  farm  that 
is  not  taken  care  of  may  be  better  than 
the  other,  yet  it  looks  a  great  deal  worse. 
Great  care  should  be  used  in  such  cases. 
Even  a  good  fence  and  other  improvements 
have  a  tendency  to  improve  the  looks  of 
a   wet    farm. 

Another  perplexing  situations :  Take,  for 
example,  two  farms,  one  on  each  side 
of  the  drain:  both  farms  low  and  full  of 
ponds  and  wet  places.  On  one  of  them 
shallow  tile  lines  have  been  run  with 
very  little  fall  having  submerged  outlets 
at  the  low  points  on  the  farm,  thereby 
relieving  most  of  the  farm  of  surface 
water  and  making  some  of  it  tillable.  The- 
other  farm  is  still  in  its  natural  state; 
full  of  ponds  and  looks  twice  as  wet  as 
the  other.  The  tendency  is  to  assess  the 
latter  farm  higher  than  the  former.  This 
is  not  right.  We  often  hear  men  say : 
"My  farm  is  tiled  out  and  the  drain  will 
not  benefit  nic  any,  hut  my  neighbor.  Jones, 
has  not  a  lilc  in  his  and  he  should  boar 
the  expense  of  the  ditch."  Xow,  Neigh- 
bor Jones  should  be  given  credit  for  all 
natural  advantages  and  outlets  he  may 
have,  whether  he  has  taken  advantage  of 
them  or  not  and  should  not  be  assessed 
more  than  the  man  who  has  put  in  som^- 
tile. 

Compiiling  the  Assessment. — Nearly  al' 
drainage  engineers  and  men  who  have 
made  drainage  a  study,  hold  the  land  is 
benefited  in  proportion  to  its  distance  from 
a  natural  outlet — that  is.  land  too  near 
to  the  outlet  should  not  be  taxed  as  much 
as  land  similarly  situated  at  the  upper  end 
of  the  drain.  I  do  not  believe  this  the- 
ory is   right  in  all  cases. 

Where  land  lies  back  from  the  watir 
course  and  is  of  sufficient  elevation  so  as 
not  to  be  affected  by  overflow  from 
abf>ve  and  where  lilc  can  get  a  good 
clearance  in  limes  of  high  water.  I  think 
I  his  theory  is  good.  However,  when  a 
tract  of  low  and  flat  land  is  siluatcd  in 
the  water  course  and  is  subject  lo  over- 
flow from  above,  and  where  tile  cannot 
get  a  clearance.  I  fail  to  sec  why  this 
land  does  not  receive  as  much  benefit  from 
I  he  improvement  as  land  at  the  upper  end 
of   the   district. 

It  is  argued  that  the  land  8<>  or  IliO 
rods  above  the  oiiilet  can  be  drained  by 
ii    private   drain,    while    the   cost    of   dram- 


ing   a   tract    tour   or   live   miles  above  this 
would  be  prohibitive. 

While  this  is  true,  yet  the  cost  of  put- 
ting in  a  drain  of  sufficient  size  to  drain 
the  land  nearer  to  the  outlet,  and  also 
take  care  of  the  natural  floud  waters  from 
above,  would  be  a  great  deal  more,  in 
most  cases,  than  the  assessment  even  if 
this  land  was  assessed  the  same  a>  land 
farther  away   from   the  outlet. 

I  believe  that  in  cases  of  this  kind 
where  it  is  plain  that  a  private  drain 
would  cost  more  than  the  joint  drain- 
that  is,  this  land's  proportion  of  it — th'- 
assessment  should  be  same  as  on  sim- 
ilar land  farther  up  the  water  course, 
as  in  both  cases  the  benelits  received 
are  the  same.  Although  it  is  a  well  es- 
tablished rule,  and  I  think  the  law  so 
states,  that  land  should  not  be  assessed 
for  improvements  above  it,  yet  in  such 
cases  as  have  been  mentioned,  the  land 
gets  a  direct  benefit  from  the  improvi- 
nicnt  above  and  should  be  assessed  for 
-■uch    benefit. 

Deep  Digging. — Before  proceeding  to  fig- 
I're  out  the  assessment,  the  commissioners 
should  familiarize  themselves  with  the 
profile  of  the  drain.  If  it  is  found  that 
parts  of  it  are  unusually  deep,  they  should 
determine,  either  from  information  at  hand 
or  by  consulting  the  engineer  who  plan- 
ned the  drain,  why  this  extra  depth  wa' 
necessary,  and  the  cost  of  this  extra  depth 
should  be  spread  on  the  land  for  which  it 
was  made. 

Branches  .Issessed  Sefiaralely.— Where 
a  district  has  a  main  line  and  several 
branches,  it  is  often  advisable  to  assess 
each  branch  by  itself.  This  can  be  done 
either  by  spreading  the  cost  of  the  main 
line  over  the  whole  district  and  then 
spreading  the  cost  of  the  branch  over  the 
land  which  it  serves,  or  by  deciding  first 
what  proportion  of  the  main  line  each 
branch,  or  the  land  draining  into  each 
branch,  should  pay,  then  adding  the  cost 
of  the  branch  to  it  when  the  amount  is 
spread  as  before. 

Direct  Oramngr. —While  the  ditches  and 
tile  lines  are  put  in  primarily  for  outlet 
purposes,  yet  they  furnish  direct  drainage 
lo  ihe  land  through  which  they  go,  am! 
such  land  should  be  assessed  for  such 
drainage.  If  Ihe  drain  goes  through  land 
that  needs  drainage,  in  addition  to  the  out- 
let tax.  it  should  be  assessed,  about  the 
cost  of  a  6  or  8  inch  tile  line,  unless  it 
[larallels  a  drain  already  in  and  working 
in  which  case  it  is  questionable  whether 
il   should   be   assessed   for  such   benefit. 

Land  Outside  Ihe  IValershed.— Where 
land  is  taken  into  the  district  that  prop- 
erly belongs  in  another  watershed,  it  may 
work  a  hardship  on  Ihe  district.  To  illus- 
lr.ite:  Suppose  a  water  shed  contains 
al«iut  fr20  acres  of  land,  but  at  the  upper 
i-ml  of  the  watershed  is  a  quarter  section 
which  can  be  drained  into  the  district  by 
culling  through  a  small  raise  and  it  is 
included   in   the  district.     The   size  of  the 


lile  will  have  to  be  increased  lo  the  ex- 
tent, that  it  will  take  care  of  \tit)  acres 
more.  Now,  if  all  but  a  portion  of  thi< 
quarter  section  is  good  land,  and  it  is  as- 
sessed on  the  same  basis  as  other  land  in 
the  district,  it  is  possible  that  the  assess- 
ment on  the  rest  of  the  district  will  be 
higher  than  il  would  have  l>ecn  if  this 
land  is  not  taken  in.  This  land  should 
be  assessed,  at  least,  as  much  as  the  cost 
of  the  district  was  increased  by  taking  il 
in,  regardless  of  the  quality  of  the  land. 

Where  main  lines  have  been  put  in  and 
laterals  are  put  in  later  lo  sub-districts, 
il  is  a  good  plan  to  have  the  same  commis- 
sioners assess  the  sub-districts.  They  are 
MHiiewhat  familiar  with  the  conditions  and 
will,  everything  else  being  equal,  make  a 
more  equitable  assessment. 

Where  a  large  district  is  established, 
taking  in  smaller  districts  already  estab- 
lished and  assessed,  and  where  a  branch 
is  run  up  to  give  the  smaller  district  a 
better  outlet,  the  cost  of  such  branch,  to- 
gether with  its  share  of  the  main  line, 
should,  with  few  exceptions,  be  spread 
in  the  same  proportion  as  the  tax  was 
formerly  spread  on  the  district,  except- 
ing, of  course,  the  amount  spread  on  land 
between   the  main   line  and  the  district. 

Railroads  and  Highways. — There  have 
been  a  great  many  diflFerent  opinions  as 
to  the  methods  of  assessing  railroad  and 
public  highways.  It  is  one  of  the  most 
perplexing  problems  that  the  commission- 
ers have  to  deal  with.  Some  have  ad- 
vocated that  the  assessment  should  be  made 
on  an  acreage  basis  the  same  as  farm  land. 
Others  have  held  that  draining  a  swamp 
through  which  a  railroad  or  public  high- 
way was  built  was  of  more  benefit  to  the 
railroad  or  public  highway  than  to  the 
same  amount  of  farm   land. 

.An  assessment  made  on  the  basis  of 
the  latter  theory  has  been  upheld  by  the 
supreme  court  in  a  case  from  Hamilton 
county. 

Rei'incing  the  District. — The  commis- 
sioners should  go  over  the  district  and 
make  comparisons  after  figuring  up  the 
assessment.  I  know  from  experience  that 
this  plan  is  a  good  one.  Conditions  will 
be  noticed  that  have  been  overlooked  and 
will  call   for  minor  changes. 

1  sometimes  think  that  if  the  commis- 
sioners were  required  to  be  present  at  the 
hearing,  a  great  many  things  would  be 
cleared  up  and  a  good  deal  of  useless  liti- 
gation avoided. 

The  commissioners  should  be  able  to 
give  a  good  and  logical  reason  for  every- 
thing they  have  done,  and  if  a  man  can 
be  convinced  that  his  land  has  not  been 
assessed  higher  in  proportion  than  his 
neighbor's  he  is  usually  at  least  like  the 
Irishman  who  was  licked— s.nisfied  even 
if  not  contented. 


.\i  the  end  of  1907  the  total  length  of 
the  Slate  Railways  of  Italy  was  8.291 
miles. 
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Track  Laying  on  the   Guymard  Cutoff  spected   its  cperation.    One   fenture  that   is 
of  the   Erie   R.    R.  especially   noteworthy    is   the   fact    that   on 
The   Erie  &  Jersey  R.   R.,   hetter  known  the  first  half   day's  work,   with   the  assist- 
as    the   Guymard   cutoff,    is   a    branch     of  ance   of    only   20   green    Aublrians,    half   a 
the   Erie    R.    R.,    and    extends    from    Guy-  mile    was    laid    and    quarterspiked,    which 


Fig.    1 — End    View    of    Track    Laying   Machine    Showing    Method   of    Depositing  Ties. 

mard,    N.    Y.,    to    Turner,    N.    Y.     It    is   a        gives    an    idea    of    the    lalior-saving    quali- 

doublc    track,    low     grade     line,     about    40       ties  of  tlie  machine. 

mile?    long,    and    for    the    present    will    be  The  Hurley  machine  is  oniircly  different 


engines  and  a  boiler  wliich  furnish  power 
for  propelling  itself  and  a  train  of  20  to 
30  cars  of  material  along  the  track,  as 
well  as  delivering  the  rails  and  tics  on  the 
roadbed  at  the  front.  The  gearing  is  so 
arranged  that  the  machine  and  train  are 
moving  constantly  but  very  slowly,  the 
speed  being  about  30  ft.  per  minute,  .''ls 
the  machine  handles  the  construction  train, 
saving  the  cost  of  maintaining  one  loco- 
motive and  crew,  it  can  readily  be  seen 
that  there  is  considerable  saving  to  the 
railroad  or  contractor. 

A  minimum  amount  of  labor  is  required, 
as  the  material  is  brought  up  from  the 
rear  and  delivered  on  the  roadbed  entire- 
ly by  steam  power.  The  ties  arc  delivered 
to  the  machine  itself  by  means  of  the  rails 
which  act  as  tie-conveyors.  When  the 
ties  reach  the  machine  they  are  picked  up 
by  an  endless  chain  conveyor  and  carried 
over  the  truss  to  a  point  68  ft.  in  advance 
of  the  car,  where  they  are  deposited  on 
the  roadbed  and  automatically  spaced  one 
at  a  time  as  the  machine  moves  forward, 
as  shown  in  Fig.  1. 

On  this  machine  trams  for  conveying 
the  material  are  eliminated,  as  the  rails 
are  drawn  forward  on  rollers  over  the 
material  train  by  means  of  two  sets  (on 
each  side)  of  powerful  compression  roll- 
ers and  are  taken  ahead  on  the  lower 
chord  of  the  truss  and  lowered  to  posi- 
tion liv  means  of  steam  hoists. 


Fig.  2 — View   Showing   Track    Laying   Machine  in  Operation  on  the  Guymard    Cut   Off. 


used  for  freight  service.  The  grading  of 
the  line  was  done  by  contract,  the  follow- 
ing being  the  contractors :  Bennett  & 
Talbott,  Otisville,  N.  Y. ;  Sundstrom  vS: 
Stratton  Co.,  New  York  City ;  Grant 
Rockafeller,  Mountainville,  N.  Y.  ;  Fergu- 
son Contracting  Co.,  New  York  City ; 
Lathrop,  Shea  &  Henwood  Co.,  Campbell 
Hall,  N.  Y'. ;  Clement-King  Co.,  Land 
Title  Bldg.,  Philadelphia,  Pa.;  Smith-Mc- 
Connick  Co.,  Fasten,   Pa. 

The  tracklaying,  however,  was  done  l)y 
the  railroad  itself,  and  the  accompanying 
illustrations  show  this  portion  of  the  work 
in  progress.  A  Hurley  tracklaying  machine 
was  used  and  the  results  obtained  with 
the  Hurley  machine  have  attracted  con- 
siderable attention  among  railroad  men 
during  the  past  few  years,  and  especially 
so  on  the  above  mentioned  work,  where 
representatives    of     several     railroads    in- 


from    other    tracklaying    machines.     In    the 
first    place,    the    machine    is   equipped    with 


Fig.   3   shows   one   of   the   bents,   or  gal- 
iws    frame,    for     handling     the     rails    by 


Fig.  3 — Bents  for   Handling   the   Rails. 
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means  of  a  Yale  &  Towiie  difTerential  pul 
\-y  and  a   trolley. 

The  full  tracklayinK  crew  is  composed  of 
40  men,  which  includes  8  spikers  and  4 
nippers.  If  there  is  a  good  orRanization,  3 
or  84  miles  per  day  can  be  laid  and  quar- 
ter-spiked On  occasions  as  much  as  "J.-'iOO 
ft.  per  hour  has  been  laid  and  quarter- 
spiked   with   this  machine. 

From  the  foregoinR  it  is  apparent  the 
Hurley  iracklaying  machine  has  made 
some  wonderful  records  in  regard  to  both 
speed  and  economy  in  laying  track  and  is 
of  especial  benefit  to  contractors  when  they 
are  bidding  on  a  narrow  margin  of  profit. 

The  Hurley  Track  Laying  Machine  Co., 
Railway  E.xchangc  Rldg.,  Chicago,  have 
sonic  very  interesting  booklets  fully  de- 
■icrihiiig  their  machines,  also  drawings 
showing  in  detail  the  construction  and 
method  of  handling  material  which  they 
will  be  glad  to  send  to  anyone  desiring 
them. 

Mr.  C.  K.  Conard  was  Engineer  in 
charge  for  the  Erie  R.  R.,  and  Mr.  W.  B. 
Taylor  was  Superintendent  of  Tracklay- 
ing 


The  best   daily   record  of  excavation   on 
ilic  Isthmian  Canal  for  steam  shovels  since 
.American  occupation  was  made  on  Wcdnes- 
<lay.  Feb.  10,  states  the  Canal  Record,  when 
•">■'*  -hovels  in  the  Central  Division  removed 
iii.l'W  cu.   yds.   of   material,  an   average  of 
1.318  cu.  yds.  per  shovel.     Of  this  amount, 
seven  shovels  in  the  Tabernilla  District  e.x- 
i-avated  11,0-10  cu.  yds.,  an  average  of  1,577 
cu.  yds.  per  shovel.     The  highest  previous 
daily  record  was  made  on  Feb.  5.  when  50 
■>vcls    in    the   Central    Division    removed 
•  4-12  cu.  yds.,  an  average  of  1,.311  cu.  yds. 
r  shovel.     These  shovels  are  under  steam 
■   r  eight  hours  per  day,  but  are  not  actu- 
ally at  work  during  this  entire  period,  time 
^'■ing  lost  by  the  necessity  of  moving  the 
■  ivel   forward,  blasting  stone  too  big   for 
e   shovels    to   handle,   and     keeping     the 
•vcls  supplied  with  cars,  etc.   On  Feb.  10, 
1-  5^  shovels  were  under  steam  a  total  of 
•I  shovel-hours  and  were  actually  digging 
3I1.00  shovel-hours.     The  7(),43S  cu.  yds.  re- 
moved were  loaded  fin    2,223    Lidgcrwond 
t  cars,  264  large  Western  dump  cars,  ;iiul 
"19  small  Western  and  Oliver  dump  cars, 
total   of  .'j,23t;  carloads.      The     material 
is  transported  an    average     distance     of 
■nit    II    miles,   and   411    train-loads    were 
dumped  during  the  day. 


Building  operations  in  00  cities,  as  dis- 
closed by  the  aggregate  value  of  building 
permits  granted  tliiring  the  nionlh  of  Jan- 
uary, $48,3ttl.  1 7.3,  present  a  M.~  per  cent 
increase  over  the  corresponding  1908  fig- 
ures, though  the  total  for  January  is  be- 
low the  total  for  the  preceding  monlli 


Some  Notes  on  Rail  Bending. 

iiv  K.\u-u  u.  inri'v.* 

Thi    following    table   is   a    record    of    lli« 

performance  of  a  section  gang  of   10  men 

and  their  foreman  in  the  work  of  bending 

rails  under  the  writer's  inspection  in  1!MI2 

The  rails,  .\m.  Soc.  C.  E.  72-lb.  section, 
30  ft.  long,  were  distributed  along  the  track 
read\  to  be  laid.  Where  the  ground  was 
level  enough  to  permit,  the  In-nder  was 
moved  ahead  for  each  pair  of  rails.  How- 
ever, since  the  bender  required  a  clear  ami 
comparatively  level  space  of  about  15  ft. 
in  diameter,  it  was  usually  necessary  to 
choose  a  suitable  location  for  the  bender 
on  each  curve,  gather  the  rails  up  on  r. 
push  car  and  after  bending  to  redistribute 
them. 

The  bender  was  of  the  ordinary  Jim 
Crow  type.  The  curvature  of  the  rails  was 
tested  by  means  of  a  template  12  ft.  long 
which  consisted  of  a  straight  edge,  iron 
shod  at  the  ends  and  having  heavy  wood 
screws  at  the  one-quarter  and  one-half 
points.  The  screws  were  adjusted  to  the 
length  of  the  ordinates  of  the  curve  re- 
quired, by  means  of  a  screw  driver.  Sev- 
eral trials  were  usually  necessary  on  the 
tirst  rails  of  each  curve  to  determine  the 
position  of  the  movable  wheel  of  the  bender 
which  would  give  the  desired  curve.  Whon 
this  position  was  found  the  bender  was 
marked  with  chalk  so  that  it  could  be  tight- 
ened to  the  same  point  tor  the  rest  of  the 
rails  of  that  curve.  Tliis  resulted  in  a  fair 
degree  of  uniformity  of  bending  except  on 
the  18°  curve.  On  this  the  power  was  not 
sufficient  to  move  the  bender  and  the  rails 
were  run  through  the  bender  twice. 

A  heavy  fall  of  snow  and  the  frosty 
weather  interfered  with  the  work  to  some 
extent  on  account  of  the  slipperincss  of  the 
rails  and  the  poor  fnotliold  for  the  men. 

I-.\BOR  RF.C0RD  OF  R.\II,  BENDING,  1902. 

Xo.  of    Degree  of        >Jo. 

Date. I-..,-..,.         r-.-  .         R,.„t 

-Vov.    l!i.    \     .M  :  iTi 

2  0  2 

P.  M......2  G°  S 

3  8°  12 

lolal .38 

.\'ov.   Jii.   A    .\I .!  ;  4 

4  18°  ,S 

r.  M 4  18°  12 

5  10°40'  3 

Tol;il "07 

.\'"v.    21.    \     .\l .',  |u    |i>  |!l 

P.   M 5  I'n^n'  lij 


The  average  daily  numl>cr  of  lalwinrs 
employed  on  actual  construction  work  on 
the  Isthmian  Canal  during  Janiiarv  was 
14.078. 
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Estimated  Unit  and  Total  Costs  of 
Railway  Track  Elevation  at 
Wilkes-Barre,  Pa. 
The  railways  entering  the  city  of  Wilkes- 
Barre.  Pa.,  have  in  conjunction  with  the 
city  orticials  adopted  a  plan  for  track  ele- 
vation and  the  general  elimination  of 
grade  crossings  in  that  city.  These  plans 
were  worked  out  under  the  direction  of  a 
lioard  of  engineers  composed  of  the  City 
Engineer  of  Wilkes-Rarre  and  one  engi- 
neer appointed  by  each  of  the  railways  con- 
cerned. This  board  employed  .\.  D.  Chid- 
sey,  Jr..  Fasten,  Pa.,  to  take  charge  of 
surveys,  plans  and  estimates  under  its  di- 
rection. Three  plans  were  worked  out  and 
one  of  them  known  as  plan  E,  was  adopted. 
From  the  report  of  the  Board  of  Engi- 
neers recently  made  public,  we  take  the 
following  general  description  of  the  pro- 
posed work  and.  which  is  of  more  interest, 
a  very  complete  and  careful  estimate  of  the 
cost  of  the  construction  work. 

One  six-track  through  line,  for  both 
passenger  and  freight  movements,  is  pro- 
vided ;  the  alignment  following  very  closely 
the  present  line  of  the  Central  Railroad  of 
New  Jersey.  The  junction  of  the  steam 
roads  is  effected  opposite  the  South 
Wilkes-Barre  breaker  and  at  South  Wilkes- 
Barre,  and  opposite  the  Lehigh  Val- 
ley Railroad  round  house  at  North  Wilkes- 
Barre.  A  direct  connection  with  the  Ply- 
mouth branch  of  the  Delaware  &  Hudson 
Co.  is  provided,  crossing  South  Main  st. 
on  an  overhead  structure. 

In  the  city  block  between  Market  and 
Northampton  streets  and  Baltimore  st.  and 
Pennsylvania  ave..  the  union  station,  to- 
gether with  the  requisite  service  building, 
power  plant,  platforms  and  passenger 
tracks,  is  shown. 

A  yard  to  provide  the  necessary  coach 
and  engine  storage,  coal,  ash.  water  and  in- 
snection  facilities  is  provided  just  north 
I'f    Scott   street. 

All  the  various  industrial  connections  are 
maintained. 

The  present  viaduct  of  the  Wilkes- 
Barre  &  Hazleton  Ry.  Co.  is  to  be  aban- 
doned and  removed.  The  Wilkes-Barre 
&  Hazleton  Ry.,  at  or  near  Welles  st,  will 
curve  to  the  left,  paralleling  the  through 
line  of  the  steam  roads,  crossing  Market 
St.  overhead,  and  reaching  a  terminal  pro- 
vided for  their  use  on  Baltimore  st.  .-\ 
physical  connection  is  provided  with  the 
steam  roads,  and  a  Iwggage  and  passenger 
tunnel  connccis  their  passenger  platform 
with  the  union  station. 

The  terminal  of  the  Lackawanna  \  W  y(.- 
ming  Valley  Railroad  is  not  altered,  and 
the  trains  of  this  road  are  not  brought  into 
the  union  station,  neither  is  any  covered 
passageway  leading  to  the  union  station 
provided. 

The  route  of  the  Lackawanna  Sc  Wyo- 
ming Valley  Railway  through  the  city  is 
entirely  changed.  The  proposed  route 
leaves  the  present  tracks  of  this  company 
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at  or  near  Prospect  breaker,  north  of  the 
city,  crosses  a  branch  of  the  Central  Rail- 
road of  New  Jersey,  and  the  main  line  of 
the  Lehigh  Valley  Railroad  overhead ;  then 
parallels  the  Lehigh  Valley  Railroad  main 
line  to  Conyngham  avenue,  occupies  the 
present  right  of  way  of  the  Lehigh  Valley 
Railroad  to  Jackson  street,  from  which 
point  the  connection  is  made  with  their 
present  terminal. 

For  the  operation  of  the  steam  roads  a 
joint  management  or  a  terminal  company 
to  operate  the  joint  tracks  and  yards  will 
be  necessary. 

The  local  freight  facilities  can  be  placed 
under  the  control  of  the  individual  com- 
panies or  operated  as  a  joint  freight  ter- 
minal. 

The  grade  crossings  on  the  following 
lines  are  included  in  the  general  elimina- 
tion scheme.  The  main  lines  of  the  Le- 
high Valley  Railroad  Central  Railroad  of 
New  Jersey,  Delaware  &  Hudson  Company 
and  Pennsylvania  Railroad,  the  Plymouth 
branch  and  Conyngham  branch  of  the  Del- 
aware &  Hudson  Company,  the  South 
Wilkes-Barre  yard  of  the  Central  Railroad 
of  New  Jersey,  and  under  scheme  "E," 
the  main  line  of  the  Lackawanna  &  Wyom- 
ing Valley  Railroad. 

The  elimination  of  grade  crossings  is  ac- 
complished by  a  general  elevation  of  all  the 
railroads  from  South  Wilkes-Barre  to 
Scott  St.  The  Pennsylvania  Railroad, 
however,  will  be  required  to  start  their 
elevation  at  Buttonwood,  about  1%  miles 
out  of  the  city  limits.  A  general  elevation 
for  top  of  rail  of  551  Wilkes-Barre  city 
datum  is  used  from  South  Wilkes-Barre 
to  South  St.  From  Northampton  st.  to  a 
point  near  Scott  st.  the  elevation  is  taken 
at  553  Wilkes-Barre  city  datum.  On 
scheme  "E"  the  grade  along  the  present 
line  of  the  Central  road  of  New  Jersey  is 
raised,  starting  from  a  point  in  the  pro- 
posed elevation,  opposite  the  Hollenback 
breaker,  to  a  point  opposite  the  Lehigh  Val- 
ley Railroad  round  house.  The  grade  of 
0.32  per  cent  is  ascending  in  a  northward 
direction.  This  grade  was  decided  upon 
to  avoid  depressing  Scott  St.  as  much  as 
possible. 

A  typical  plan  for  a  subway  street  under 
crossing  was  adopted.  This  plan  shows  a 
railroad  bridge  spanning  a  60  ft.  street 
with  two  19-ft.  driveways  and  two  80-ft. 
sidewalks :  it  was  deemed  advisable  to 
widen  the  street  and  place  columns  along 
the  center  of  the  street.  The  bridge  is  to 
be  of  concrete-steel  construction.  The 
steel  in  the  span  is  designed  to  carry  the 
entire  load,  but  is  imbedded  in  concrete 
as  a  protection  to  the  steel  and  to  provide 
a  solid  waterproof,  noiseless  floor.  The 
standard  under  clearance  for  the  street 
roadway  to  be  from  12  to  14  ft.,  accord- 
ing  to   local    condition. 

All  subways  as  proposed  can  be  drained 
into  the  existing  sewers. 

LTnder  the  schemes  presented  the  treat- 
•ment  of  the  various  streets  at  the  railroad 


ESTIMATE,    SCHEME 


$    80S.OOO 


(Approximate.) 
Embankment — 

2,022.000  cu.   yds.  at   40c 

Main  line.   115,200  lin.  ft.  at  $2.50 J288,000 

Sidings,   199.200  lin.   ft.  at  $1.75 348.600 

Turnouts,    20«    at    $250.00 51.500 

Cros.sing  frogs.   5  at   $500 2.500 

Interlocking     80.000      770.600 

Retaining  walls — 

Concrete,  25,700  cu.   yds.  at  $8 205.000 

Concrete.   15.700  cu.  vds.  at  $7 109.900 

E'xcavation,   17.500  cu.  yds.  at   50c 8,500 

Hand  rail,   10,600  lin.   ft.   at  $1.50 15.900 

Drain  pipe,   150  tons  at  $40 6,000      345.900 

Bridges — 

Carey  avenue,  Hanover  Township 26.000 

Division   street    23,000 

Barney  street   32.500 

South   Main   street 34,600 

South  Main  street  (D.  &   H.) 12,000 

Blackman   street    3,000 

Wood   street    10.800 

Dana  street    89,500 

Hazle    street    58.500 

South   street    129,000 

Northampton  street    43,000 

Market    street     87.000 

Scott  street    74,000 

Conyngham  avenue  highway  bridge  ($80,000). 

Conyngham     avenue    undergrade 115,800 

Nortii     Pennsylvania    avenue 51,700 

Freight  yard  and   houses — 

Paving.    63.800  sq.  yds.,    at  $2.50 159.500 

Freight   houses.    15.000  sq.   ft.  at  $2.50 37.500 

Platforms.  52.000  sq.    ft.   at  85c 44,200 

Drainage    11,300 

Raising  P.   R.  R.  engine  terminal 

Canal   culvert  — 

Raising  7o  manholes  at  $60 

Cnion  station — 

Power  house    15,750 

Power  plant    50,000 

Express  building   17,500 

Wilkes-Barre  &   Hazleton   Railway  shelter : 15,000 

Passenger  station    350.000 

Station  shed,  steps,  fixing  grounds,  etc 50,000 

Subwav.  650  lin.   ft.  at  $100 65,000 

Platforms.   76,000  sq.   ft.   at   25c 19.000 

Platform  sheds,    4,000  lin.    ft.  at  $10 40,000      622,250 

Streets — paving,  grading — 

Division  street    3,000 

Barney  street   ^'59" 

Proposed  street    16,500 

South   Main    street    11,500 

South  Main  street  (D.  &  H.) 4,000 

Hanover  street  5,000 

Blackman  street    7,500 

Proposed  street    11.100 

Wood    street    ^.aW 

Dana   street    ?^i=ll 

Hazle   street ■'^•|2S 

Northampton    street    13,500 

Baltimore  street   14,500 

Market  street    ^2.000 

Scott  street   "iSSS 

Conyngham  avenue    38,000 

Peniisylvania  avenue  42,»00      285,050 

Wilkes-Barre  &  Wyoming  Valley  Traction  Co. — 

Changes  In    tracks 27,250 

Wilkes-Barre  &  Hazleton  Railway —  ,„  .„„ 

3.000  ft.  of  lin.  track  at  $3.30 10,500 

Engine   terminal — 

Engine  house,   24  stalls "X'XxS 

Coal  and  ash  facilities l§9'55x      „.„  «aa 

Water  supply   30.000      250,000 


I 


814,700 


252,500 
30,000 


4,500 


General,  legal,   engineering  and   incidental   expenses,   about   15  per  cent. 


Total,    main    line    construction. 


$4,222,050 
637,950 

$4,860,000 


Salvage —  ,  ..  .„„ 

4.400  tons  of  rails  at  $15 »  S°'XXX 

250   turnouts  at   $100 ;^55x 

W.-B.  &  H.  Ry.  Co.  viaduct,  1.100  tons  at  $10 11,000 

Note— The  item  of  salvage  is  assumed  to  offset  the  cost  of  maintaining  traffic  during 
construction. 


PROPERTY. 

The  value  of  property  required  for  the  development  of  scheme   "E"   is  g 
the  valuation  placed  on  the  same  by  the  city  assessors. 

Required   for    railroad    purposes i- •  l"  •  •  1 : 

Required   for  widening  streets,   bridge  approaches,   proposed  streets,  etc 


iven  at  double 

.$ 


986,200 
146.000 


$1,133,200 


Consequential  property  damages- 
South  Main  street   

Hanover    street    

■W'ood  street    

Blackman  street   

Dana  street   

Hazle  street  

Northampton  street    

Scott  street    

Conyngham  avenue    


8,000 
5.000 
8.000 
3,000 

16.500 
8,250 
6,000 
7,000 

10,000 


71.750 


Total  main  line  property  and  damage 


.$1,203,950 


men 
streets. 


Note— The   above   estimate   covers   the  damage   to   property  adjacent   to   the   improve- 
rs,   but   does   not    cover    the  damage    to   the   public   due   to   the   closing   and    changmg   ot 
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South  Wllkfs-Barrt-  Yard.  C.  R.  R.  of  N.  J. 

Con»iructlon. 
i:rnljankni»?iil^ 

75,000  cu.   vein,  ut  40r 

irack— 

10.500  Mn.  ft.  ut   »!.;; 

Six  lurnuutii  at   $250 

Ri'tnit  me  wall  — 

luiKr.ie.  ;.440  cu.  ydx.  at  18 

I  'uni  I  lie.   1.340  cu.   ydH.  at  t< •  ■ 

Kxruvatlon.  l.Soii  cu.   yds.  at  50c 

Hiirid  rail.  .',400  llii.  ft.  ut  11.50 

iJralti  pipe,  live  toim  ut  140 

KriilKeit — 

South  Main  street   

Hanover  mreet  

\VtH>d  street   

Walnut    street    '. . . 

Streets — 

Wood    street    

Walnut  street , 


18.375 
1.500 

19.520 
»,380 

760 
3.600 

300 

17.300 

7,200 

15,000 

13.500 

2.SO0 

2.500 


30,000 
I9.875 

33.450 

.'.3, 00" 
5,000 


«141.325 
General,   legul,    englneerlnK  and   Incidental  expenses,   about    15   per  cent )      21.176 


Total   1162.500 

Property— (At  double  assessed  valuation) — 

Rwiulred    for  side   slope $L'S,000 

Note  -The  main  line  estimate  Includes  the  elevation  of  this  branch  from  the  L..  V. 
R.  K.  to  Carey  avenue.  This  estimate  covers  the  approximate  additional  cost  of  elevating 
from  the  I,    V.  K.    R.   to  the  Susquehanna  river. 

Plymouth  Branch.   D.  &  H.   C. 
Construction. 

E^ibankment — 

:'43.000  cu.  yds.  at   40c t      97.200 

Track- 
is. 17::  lln.  ft.  at  11.75 $  23.0.50 

Turnouts,    7   at    J250 1.750        24.800 

Bridges- 
Carey  avenue   14,600 

Old  River  Koad   17.600 

R.ilsing  three  high  water  channel  bridges 35,000        67.200 

Streets- 
Carey  avenue   2.600 


$191,800 
28.700 


Legal,  general,  engineering  and  Incidental  expenses,  about  15  per  cent 

Total    J220.500 

Property — (At   double   assessed   valuation) 40,()000 

L.    &    W.    V.    R.    R.    Co..    Change   of    Route 
Construction. 

Embankment — 

Cut  43.300  cu.  yds.  at  40c J17.320 

Cut   18.600  cu.  yds.  at  $1.00 18,600 

Borrow  21.000  cu.  yds.  at  40c 8,400        44.320 

Track— 

2J.600  lln.   ft.  at   $3.50 79,100 

Raising  W.-B.  &   E.   R.  R 8.000        87.100 

Bridges — 

C.  R.  R.  of  N.  J.  branch 36.000 

I*  V.  R.  R.  main  line 41,000 

W.-B,  &   E.  R.  R 18,000 

Mill   Creek    28,000 

North  Main  street   50.000 

North  Washington  street   19.000 

r.tinsylvanla  avenue  18.000      210.000 

Sii.'is     raving,   grading,  etc. 

I'L.I.os.d   street    25.000 


-$366,420 
53.580 


General,  legal,  engineering  and  Incidental  expenses,  about  15  per  cent 

Total     $420,000 

Property — (At  double  assessed  value) 34.000 

SUMMARY. 

Main   line — 

Ciiniilrurtlon    $4,860,000 

I'ropiTty   and   damages 1.203.9.">0 

Soulli   WllkeH-Barre  yard.   C.   R.   R.   of  N.  J. — 

Con.Mtruction     162.500 

Properlv   and   damages 28.000 

"lyinnulh    Briinrh.   D.  &   H.   Co.— 

ConHlructlon     220.500 

Prtiperiv   and   damages '40.000 

1..  &  W.  V.  R.  R..  rluinge  of  route — 

Construction    420.000 

Properly  and  damages 34.000 

Grand  total    $6,968,950 


cro-sings   throughout    the    city    will    lie   as 
follows : 

I-chigh  Valley  Railroad. 

Rlarkman  street — Raise  present  overhead 
bridijc  4  ft 

Parrish       street — Build      subway,      raise 
tracks  10  ft.,  depress  street  8  ft. 

Ilazle  avenue — Ruild  subway,  raise  track 
K'>*  II  .  d(l)rcS5  street  ".•_'  ft. 

South  Street — Build  new  overhead  high- 
way bridge. 

Northampton  strrct — Build  subway,  raise 
Irack   I"7-'i  ft  ,  depress  street  7.2.">  ft. 


Market  street — Build  subway,  raise  track 
7.2.i  ft.,  depress  street  10.75  ft. 

Jackson  street — To  be  vacated. 

.Scott  street — Present  subway  rcm.iui'- 

llortensc  street — Build   fool  bridge 

Conyngham  avenue- Build  overhead 
highway  bridge. 

Pennsylvania  avenue — Build  subway,  de- 
press street   18  ft. 

Washington  street — Present  overhead 
highway    bridge    remains. 

North  Main  street— Build  highway 
bridge. 


Central  Railroad  Co.  of  New  Jer-> 

Blackman  street — Raise  present  overhead 
highway  bridge  i  ft. 

Parrish  street — To  be  vacated. 

Dana  street — Build  subway,  rai"-  'r:.,L- 
12.2  ft.,  depress  street  .1.8  ft 

Hazle  avenue — Build  subway,  raise  track 
lt«.2    ft.,    depress    street    1.3    ft. 

Lehigh  street — To  be  vacated. 

South  street — Build  new  overhead  high- 
way bridge. 

Northampton  street — Build  subway,  raise 
track  10.2  ft.,  depress  street  7.8  ft. 

Market  street — Build  subwa.v,  raise  track 
10.8  ft.,  depress  street  7.2  ft. 

Scott  street- Build  subway,  raise  track 
7  7  ft.,  depress  street  10.3  ft. 

llortensc  street— Build  foot  bridge. 

Conyngham  avenue— Build  overhea<t 
highway  bridge. 

South  Main  street— Build  subway,  raise 
track  12  ft.,  depress  street  C  ft. 

Hanover  street — Build  subway,  raise 
track  12  ft.,  depress  street  6  ft. 

Wood  street — Build  subway,  raise  track 
18  ft. 

Walnut  street- Build  subway,  raise  track 
15  ft.,  depress  street  1  ft. 

Delaware  &  Hudson  Company. 

Scott  street — Build  subway,  raise  track 
7.7  ft.,  depress  street  10.03  ft. 

Hortense  street — Build  foot  bridge. 

Conyngham  avenue — Build  overhead 
highway  bridge. 

North  Pennsylvania  avenue — Build  sub- 
way, depress  street  18  ft. 

South  Main  street — Build  subway,  raise 
track    17   ft.  depress   street   1    ft. 

Hanover  street — Track  removed  from 
street. 

Wood  street — Build  subway,  raise  track 
17  ft.,  depress  street  1  ft. 

Carey  avenue — Build  subway,  raise  track 
15  ft.,  depress  street  3  ft. 

Old  River  road  —  Build  subwaj.  raise 
track  18  ft. 

Pennsylvania   Railroad. 

Carey  avenue  road.  Hanover  township — 
Build  overhead  railroad  bridge. 

Division  street- Build  subway,  raise 
tracks  17  ft.,  depress  street  1   ft. 

Horton  street — To  be  vacated. 

Barney  street — Build  subway,  raise  track 
17  ft.,  depress  street  1   ft. 

Franklin  street — To  be  vacated. 

South  Main  street — Build  subway,  r.iise 
track  12  ft.,  depress  street  0  ft. 

Dana  street — Build  subway,  raise  track 
in  ft.,  depress  street  8  ft. 

liable  street — Build  subway,  raise  track 
1".8  ft.,  depress  street  7.2  ft. 

South  street — Build  new  overhead  high- 
way bridge. 

Northampton  street— Build  subway,  raise 
Irack  10.75  ft.,  depress  street  7.25  ft. 


During  the  last  ten  years  the  Russian 
Ciovernnient  has  spent  $944,510,000  on  in- 
creasing the  efficiency  of  the  railways  and 
constructing   new    lines. 
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Estimated  Costs  of  a  Cantilever  Bridge 

and  of  a  Suspension    Bridge 

Across  the  St.  Lawrence. 

In  1896  the  Montreal  Bridge  Co.  re- 
ceived competitive  plans  and  estimates  for 
a  proposed  bridge  across  the  St.  Lawrence 
river  at  Montreal.  The  bridge  was  speci- 
fied to  be  one  channel  span  of  l,2o0  ft., 
two  side  spans  of  500  ft.  each,  lo  steel  via- 
duct spans  on  south  approach  of  250  ft. 
each,  18  viaduct  spans  on  north  approach 
of  60  to  240  ft.  each,  the  clear  headway 
in  the  channel  span  to  be  150  ft.  The 
bridge  was  to  be  for  a  double  track  steam 
railway,  two  street  railway  tracks,  a  car- 
riageway and  two  sidewalks.  The  piers 
of  the  cantilever  were  to  be  of  masonry. 

The  prize  plan  was  subiuitted  by  Ed- 
ward S.  Shaw  of  Boston.  He  increased 
the  side  spans  to  600  ft.  The  bridge  was 
designed  to  be  80  ft.  wide,  with  four 
trusses.  The  stone  sub-piers  are  each 
30x110  ft.  in  plan  on  top,  60  ft.  above  low 
water,  surmounted  by  steel  piers  230  ft. 
high.  The  middle  roadway  is  26  ft.  wide 
and  is  for  the  double  track  railway;  the 
two  side  roadways  are  each  21%  ft.  wide ; 
flanked  by  6  ft.  sidewalks  on  brackets. 
The  estimated  weight  of  structural  steel 
was :  Lbs. 

Main  cantilever  and  central  span. 39,460,000 

South   viaduct   approach    26,340,000 

North   viaduct   approach    8,200,000 


It  will  be  noted  that  if  the  same  unit 
prices  for  steel  had  been  assumed  in  both 
styles  of  bridge,  the  cost  would  have  been 
more  nearly  equal,  although  about  7  per 
cent  less  for  the  suspension  bridge. 


Total     74,000,000 

Estimated  cost  of  superstructure. $3,514,000 
This  is  about  4%  cts.  per  lb.  It  would 
appear  from  one  of  the  estimates  made  by 
another  competitor  that  custom's  duty  of 
1  ct.  per  lb.  of  steel  ready  for  erection 
would  be  required. 

A  suspension  briflge  design  was  submit- 
ted by  Mr.  C.  C.  Wentworth,  M.  Am.  Soc. 
C.  E.  It  was  to  be  a  stiffened  suspension 
bridge  of  1,300  ft.  span,  with  two  500  ft. 
.side  spans  supported  from  the  cables,  giv- 
ing a  total  length  of  2,300  ft.  There  were 
to  be  4  cables,  each  of  17%  ins.  diameter. 
The  two  stiffening  trusses  were  to  be  52  ft. 
apart  on  the  clear,  leaving  the  roadway  for 
tlie  railway  and  electric  lines.  The  car- 
riageways and  sidewalks  were  to  be  on 
brackets  outside  the  trusses. 

The  estimated  cost  was  as  follows : 
11.000,000  lbs.  riveted  steel  center 

span,   at   4.25   cts $   467,500 

20,000,000    lbs.     steel     in     towers, 
side    spans    and    ancliorage,    at 

3%    cts    700,000 

30,000,000    lbs.    steel    in     viaduct 

spans   and  towers,   at  3  cts 900,000 

8,000,000  lbs.    wire  in    cables,  at 

6    cts    480,000 

Copper  covering   on   caUU'^    20,000 

Timber   floors    and   ties    81,000 

600  tons   steel   rails    18,000 

Hand    railing    25,000 

60,000    cu.     yds.    anchorage    ma- 
sonry          360,000 

Total     for    superstructure     and 

anchorage    $3,051,500 


Personals. 

Mr.  A.  F.  McCalluin  has  been  appointed 
City  Engineer  of  Hamilton,  Ont.,  succeeding 
Mr.  E.  G.  Barrow,  who  has  been  retained  as 
Consulting  Engineer. 

Mr.  Archibald  O.  Pow-ell  has  opened  an  of- 
fice in  the  Central  Bldg..  Seattle,  Wash., 
where  he  will  engage  in  a  consulting  engi- 
neering practice. 

Mr.  L.  H.  Long  has  been  appointed  Chief 
Engineer  of  the  Gila  Valley.  Globe  &  North- 
ern Ry.  to  succeed  Mr.  E.  A.  McFarland. 
who  resigned  some  time  ago. 

J.  N.  H.  Cornell  &  Co..  Engineers  and 
Contractors,  will  on  March  IB  move  from 
their  present  offices  at  29  Broadway.  New 
York,  to  new  offices  at  60  Wall  St..  that  city. 

Mr.  Charles  M.  Spofford.  Professor  of  Civil 
Engineering  at  the  Polytechnic  Institute. 
Brooklyn.  N.  Y.,  has  been  appointed  Hay- 
ward  Professor  of  Civil  Enginering  at  the 
Massachusetts  Institute  of  Technology,  suc- 
ceeding Mr.  George  F.  Swain,  re.^igned. 

Mr.  F.  M.  Emerson,  for  some  time  con- 
nected with  the  contracting  department  of 
the  American  Bridge  Co..  has  formed  a  com- 
pany to  be  known  as  F.  M.  Emerson  &  Co.. 
and  Will  engage  in  a  contracting  business. 
The  headquarters  of  the  company  will  be  in 
Milwaukee.  Wis. 

Mr.  A.  B.  Shepherd  has  resigned  his  posi- 
tion as  Acting  Director  of  the  Department  of 
Public  Works  of  Pittsburg,  Pa.  Mr.  Shep- 
herd is  Superintendent  of  the  Bureau  of 
Water  of  that  city  and  will  devote  the  great- 
er part  of  his  time  to  the  reconstruction  of 
I  he  South  Side  water  system. 

Mr.  C.  A.  Crane  has  opened  offices  at  13 
Park  Row.  New  York,  for  the  practice  of 
civil  engineering,  in  connection  with  the  sec- 
retaryship of  the  General  Contractors'  Asso- 
ciation. His  present  office  in  The  Bronx,  at 
505  East  Tremont  Ave..  New  York,  will  be 
conducted  as  heretofore,  in  conjunction  with 
the  down  town  office. 

Mr.  M.  P.  Paret  has  resigned  as  Chief 
Engineer  of  the  Kansas  City,  Mexico  & 
Orient  Ry.  and  has  entered  into  a  partner- 
ship witfi  E.  J.  Beard.  Chief  En.e:ineer  of 
Philippine  Railway  Construction,  for  prac- 
tice as  consulting  engineers.  Mr.  Walter 
Colpitts  succeeds  Mr.  Paret  as  Chief  Engi- 
neer of  the  Kansas  City,  Mexico  &  Orient 
Ry- 

Messrs.  Benjamin  F.  Abbott  and  J.  P. 
Howells  have  entered  into  a  partnership  and 
will  engage  in  an  engineering  practice  with 
offices  in  the  People's  Bank  Bldg..  Wilkes- 
Barre,  Pa.  Mr.  Howells  has  for  some  time 
been  Consulting  Engineer  with  the  Lehigh  & 
Wilkes-Barre  Coal  Co..  while  Mr.  Abbott 
was  formerly  on  one  of  the  Lehigh  Valley 
Coal  Co.'s  engineer  corps,  but  has  for  some 
years  been  with  the  American  Smelting  Co. 
of  the  Guggenheim  interests  in  the  South. 

The  following  changes  in  officers  of  the 
Corps  of  Engineers  have  been  ordered  by  the 
r.   S.  AVar  Department: 

Capt.  William  P.  Stokey  is  relieved  from 
duty  at  Havana  and  from  the  command  of 
Company  G.  Second  Battalion  of  Engineers, 
and  will  proceed  to  Savannah  and  report  to 
Col.  Don  C.  Kingman  for  duty. 

Capt.  Alfred  B.  Putnam  is  relieved  from 
duty  under  the  immediate  orders  of  Maj. 
William  W.  Harts  and  will  proceed  April  5 
to  the  Washington  Barracks.  District  of  Co- 
lumbia, for  duty  with  the  Second  Battalion 
of  Engineers. 

First  Lieut.  Ralph  T.  Ward  is  relieved 
from  duty  with  Company  A.  First  Battalion 
of  Engineers,  to  take  effect  upon  arrival  at 
Honolulu  of  Company  G.  Second  Battalion 
of  E^ngineers.  and  will  then  report  to  Maj. 
E.  Eveleth  Winslow  for  duty  with  Company 
G,  Second  Battalion  of  Engineers. 

Maj.  E.  Eveleth  Winslow  will  assume  com- 
mand of  the  Second  Battalion  of  Engineers 
upon  arrival  at  Honolulu  of  the  headquarters 
and  Company  G  of  thai  battalion  will  relin- 
quish command  of  the  First  Battalion  of  En- 
gineers upon  the  departure  from  Honolulu  of 
the  headquarters  and  Company  A  of  the  lat- 
ter battalion. 

Second  Lieut.  Lewis  H.  Watkins  is  re- 
lieved from  duty  with  Compafiy.  B.  First 
Battalion  of  E'ngineers,  and  will  proceed  to 
San  Francisco  and  report  to  the  command- 
ing officer.  Company  G  Second  Battalion  of 
Engineers,  for  duty,  and  will  proceed  with 
that  company  to  Honolulu  on  the  transport 
to  sail   from  San   Francisco  on  May  5, 


Catalogs  Worth  Having. 

Engineers  and  contractors  should  have 
on  file  the  latest  catalogs  of  machines, 
tools  and  supplies  that  they  use.  In  sending 
for  catalogs  reviewed  or  advertised  in 
this  paper,  you  will  confer  a  favor  on  us 
if  you  will  write  direct  to  the  advertisers 
and  state  that  you  saw  the  catalog  men- 
tioned in  Engineering-Contracting.  If 
you  are  in  the  market  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  notify 
promptly  the  leading  manufacturers. 

No.  1120.  Water  Towers.  —  Des  Moines 
Bridge  &  Iron  Co..  Des  Moines,  Iowa. 

Illustrates  a  variety  of  styles  of  steel 
water  towers  and  gives  dimensions  and  ca- 
pacities of  standard  tanks.  Tables  of  capac- 
ity of  pumps,  horsepower  required  to  raise 
water  different  heights,  fire  streams,  friction 
in  pipes,   etc.,  are  given. 

No.  1121.     Corrugated  Metal  Culverts. — The 

Canton  Culvert  Co.,   Canton,  O. 

Folder  lOS  of  this  company  gives  some 
very  interesting  data  regarding  sectional 
corrugated  metal  culverts.  This  culvert  is 
shipped  knocked  down  and  nested  and  has 
several  other  special  features  worthy  of 
study.     Tables  of  sizes,   etc..  are  given. 

No.  1122.  Bar,  Mesh  and  Fabric  Rein- 
forcement.— 'i'lie  (general  Firepi'oofing  Co.. 
Voungstown.   O. 

A  handsome  4S-page  pamphlet  describing 
and  illustrating  this  company's  square  lug 
bar.  cold  twisted  lug  bar.  herring-bone 
trussed  bar,  expanded  inetal  and  wire  fabric 
reinforcement.  Valuable  slab  tables  are 
given  for  lug  bar,  expanded  metal,  and  wire 
fabric  reinforcement.  The  tables  make  this 
catalog  of  value  to  keep  on  file. 

No.  1123.     A  Review  of  Concrete  Chimneys. 

—The  Weber  Co..   Chicago.  III. 

Describes  the  development  of  concrete 
chimnej'  construction  as  practiced  by  the 
company  named  and  gives  an  account  and  a 
defense  of  the  failure  of  two  concrete  chim- 
neys of  the  company's  type.  A  very  inter- 
esting pamphlet. 

No.  1124.  Steel  Bound  Concrete  Curb — 
Steel  Protected  Concrete  Co..  Philadelphia. 
Pa. 

A  pamphlet  descril)ing  the  construction 
and  merits  of  steel  bound  concrete  curb  and 
one  pamphlet  of  unusual  value  giving  full 
detailed  directions  for  constructing  such 
curb.  The  last  pamphlet  is  one  worth  keep- 
ing permanently  on  file.  The  company  also 
has  a  desk  ruler  and  paper  weight  souvenir 
which  will  be  mailed  free  to  interested  en- 
gineers. 

No.  112.1.  Smith  Mixer.— The  T,  L.  Smith 
Co.,  Chicago,  111. 

This  is  a  ver^'  handsome  catalog  and  is 
also  a  descriptive  catalog  of  real  merit.  The 
mixer  and  its  accessories  are  described  and 
illustrated  in  full  detail.  This  catalog  should 
lie  secured  and  kept  on  file. 

No.  1126.  Air  Compressor.  —  IngersoU- 
Rand  Co..  11  Broadway.  New  York. 

A  64-page  catalog  devoted  to  a  description 
of  this  company's  Class  "H"  type  of  air  and 
gas  compressors,  which  is  a  duplex  steam 
driven  machine. 

No.  1127.  Correspondence  Schools. — Amer- 
ican School  of  Correspondence.  Chicago,  111. 

Bulletin  issued  by  this  well  known  school 
outlining  tlie  various  coiu'ses  in  engineering 
that  are  taught  by  text  books  and  corres- 
pondence. 

No.  1128.  Earth  Handling  and  Road  Build- 
ing.—Russell  Grader  Mfg.  Co..  25th  and  Uni- 
versity A\'e..   Minneapolis.    Minn. 

.A  24-page  pamphlet  describing  elevating 
graders  in  the  disc  plows  and  a  gasoline  en- 
gine for  operating  the  conveyor:  various 
kinds  of  road  machines,  plows  and  scrapers 
of  all  kinds  are  described. 

No  1129.  Monolith  Steel  Bars.— Monolith 
Steel  Co..  Washington.  D.   C. 

A  50-page  pamphlet  showing  application 
of  monolith  bar  to  beam,  slab  and  column 
reinforcing.  Some  36  pages  are  devoted  to 
a  discussion  of  design  of  reinforced  concrete 
with  formulas  and  methods  for  calculating 
girders  and  columns,  and  beam  and  slab  ta- 
bles.    A  useful  catalog  to  have  on  file. 

No.  1130.  Owl  Cement.— German-American 
Portland  Cement  Works.  Chicago,  111. 

This  pamphlet  will  be  found  of  value  for 
the  standard  specifications  and  for  the  very 
complete  directions  for  testing  and  using 
cement  and  concrete  for  a  variety  of  struc- 
tiu'es. 
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The  Advantage  of  the  Bonus  System 

and    Suggestions    to    Contractors 
Who  Contemplate  Ap- 
plying It. 

Ill  our  last  issue,  the  last  sentence  of 
.III  article  on  a  method  of  driving  a  tunnel 
In  this:  ".A  system  of  l>onus  payments  for 
r.ipid  advance  greatly  helped  in  attaining 
above   results." 

Thus  is  recordeil  one  more  successful 
.ipplication  of  the  bonus  system.  So  many 
sfores  of  instances  of  this  sort  have  been 
published  within  the  last  few  years  that 
the  wiindcr  is  that  the  bonus  system  has 
imt  become  universal,  instead  of  remaining 
the  exceptional  method  of  paying  work- 
men. Conservatism  and  skepticism  con- 
trol the  actions  of  men  to  such  a  degree 
tlial  any  new  machine  or  method  must  face 
a  lung  light  before  it  is  extensively  adopted, 
and  this  in  spite  of  self-evident  merits. 

To  the  man  of  self-reliance  and  of  keen- 
iKss  in  perceiving  the  economic  merit  of  a 
new  method,  this  very  conservatism  on 
the  part  of  other  men  offers  a  splendid 
chance  to  outstrip  competitors.  Among 
all  the  new  methods  of  doin.i?  work,  none 
possesses  more  obvious  merit  than  the 
bonus  system.  We  call  it  a  new  method, 
yet  it  has  been  in  use  for  many  years  in 
shop  work.  Its  newness  is  largely  confined 
to  such  fields  of  production  as  contracting. 
Many  a  contractor  today  docs  not  even 
know    what   the  bonus   system   means. 

The  bonus  system  requires  the  payment 
of  a  regular  daily  wage  plus  a  bonus  for 
each  unit  of  work  done  in  excess  of  a 
stipulated  minimum.  Thus,  a  driller  re- 
ceives a  $3  wage  and  a  bonus  of  .')  cts.  per 
lin.  ft.  for  each  foot  of  hole  drilled  in  ex- 
cess of  a  stipulated  mininnim  of.  say,  60  ft. 
per  day.  If  the  wages  of  the  driller  and 
his  helper,  and  the  cost  of  power,  of  re- 
pairs to  drill,  etc ,  amount  to  $!>  a  day,  it 
costs  b">  cts.  per  lin.  ft.  of  drill  hole  when 
only  fio  ft.  are  drilled.  Hence  there  is  a 
decided  gain  to  the  contractor  on  every 
foot  of  hole  frr  which  he  pays  only  ■'>  cts. 
in  the  form  of  a  bonus. 

So  effective  is  the  bonus  system  as  a 
stimulus  to  both  the  wits  and  energy  of  a 
worker  that  no  contractor  who  has  given 
it  a  good  trial  will  ever  abandon  it  wil- 
lingly. .Wither  will  the  workman  aban- 
don it,  unless  the  contractor  unfairly  in- 
creases the  minimum  of  work  required,  or 
cuts  the  bonus.  The  Ixiniis  system  is  a 
money   maker  for  all  roncerued. 

Since  many  of  the  old  school  of  con- 
tractors have  not  adopted  the  bonus  sys- 
tem, and  show  no  intention  of  doing  so,  a 
splemlid  opportunity  is  offered  to  yoimgvr 
men  who  put  it  into  operation  on  their 
own  contracts.  A  few  suggestions  to  such 
young  men  may  be  of  assistance  in  start- 
ing ihein  along  a  road  to  a  larger  income 
and  to  possible  wealth. 

b'irst,   survey  the   fiebl   of  work   in   your 
neighliorhriod   to  ascertain   what   classes   of 
construction  arc  mostly   handled  according 
111   the   old   slave-driving   methods   of  man- 
Myron  C.  Clark   Publishing  Co.      Ml  rights 


agement.  Select  the  ticid  in  which  most 
of    yiiur    competitors    are  -    •.■ 

this   old   school.      Do   not  ilieir 

ability,  but  ha\e  no  fear  that  you  can  not 
do  work  with  greater  economy  under  the 
iKiniis  system.  In  the  first  place,  remem- 
ber that  the  slave-driving  method  requires 
a  slave  driver  to  every  10  to  20  workmen. 
If  his  wages  are  -Vl  per  cent  more  than  the 
wages  of  each  man  that  he  supervises,  and 
if  he  is  supervising  \'>  men.  the  wages  of 
this  "boss"  will  amount  to  10  per  cent  of 
the  total  wages  paid  to  these  15  men 
Hence,  if  you  can  dispense  with  this  boss 
by  adopting  the  bonus  system,  you  will 
save  10  per  cent  of  the  lalior  cost  of  doing 
the  work,  and  this  i.-  about  the  average  of 
what  can  be  accomplished  on  small  jobs 
It  is  true  that  the  bonus  system  itself  re- 
quires supervisors  to  apply  it.  but  one  su- 
per\'isor  can  handle  several  times  as  many 
men  as  can  a  boss,  or  he  can  handle  a  few 
men  with  less  of  his  own  time,  and  thus 
be  free  to  perform  other  duties. 

On  contract  work  there  is  much  more 
difficulty  in  applying  the  bonus  system 
than  there  is  in  shop  work,  which  accounts 
in  part  for  the  fact  that  few  contractors 
have  adopted  it.  In  shop  work,  men  usu- 
ally work  as  individuals,  or  as  small  gangs 
of  2,  3  or  4  men.  On  contract  work  in 
the  field,  men  more  often  work  in  large 
gangs.  Hence  the  difficulty  of  p.iying  them 
according  to  their  individual  achievements. 
Then,  again,  it  is  frequently  difficult  to 
measure  the  work  done  each  day  in  the 
field.  These  very  difficulties,  however, 
make  the  game  more  fascinating  to  the 
contractor  who  enters  into  it.  These  diffi- 
culties deter  the  man  who  lacks  wit  or 
perseverance,  and  therefore  they  reduce 
the  amount  of  effective  competition,  for 
most  men  are  lacking  cither  in  persever- 
ance or  ingenuity. 

To  illustrate  bow  some  of  the  difficulties 
can  be  overcome,  let  us  take  an  example 
Suppose  the  work  consists  in  shoveling 
earth  into  wagons,  and  that  12  men  are 
engaged,  C  men  to  a  wagon.  It  is  possible, 
of  course,  to  pay  this  entire  gang  a  bonus 
iin  every  wagon  in  excess  of,  say.  lOn 
wagons  loaded  per  day.  This  will  stimu- 
late them,  but  it  may  lead  to  bickering, 
for  the  ablest  shovelcrs  are  apt  to  berate 
those  that  can  or  will  not  attain  a  high 
speed.  Clearly  it  is  preferable  to  split 
this  gang  into  smaller  units  if  possible, 
but  how?  Two  men  will  delay  the  team 
if  no  others  assist  them  in  loading  Six 
to  each  waeon  is  none  too  many,  when 
lost  team  time  is  taken  into  account.  But 
why  not  eliminate  this  element  of  team 
lime?  In  most  cases  it  can  be  done,  by 
the  simple  expedient  of  providing  a  few- 
extra  wagons,  and  unhitching  a  team  from 
the  empty  wagon  with  which  it  returns 
and  hitching  it  to  the  full  wagon.  When 
this  is  done,  two  men  may  be  assigned  to 
each   wagon 

Can  we  not  go  a  step  farther?  Is  there 
no  way  of  determining  exactly  what  each 
of   these   two    is    performing?     There   is. 

of  republication  reser\ed. 


202 


ENGINEERING-CONTRACTING 


\ol.  XXXI.     No.   II. 


Place  a  vertical  partition  across  the  mid- 
dle of  each  wagon  box,  and  let  each  man 
shovel  into  his  half  of  the  vvfagon.  A  time 
keeper  can  then  give  each  workman  a 
ticket,  or  punch  his  output  card,  and  thus 
record  the  e.xact  output  of  every  individ- 
ual. 

This  example  illustrates  the  ease  with 
which  a  seemingly  difficult  problem  in  ap- 
plying the  bonus  system  is  solved,  and  it 
also  illustrates  tl*e  necessity  of  studying 
methods  commonly  used  with  a  view  to 
modifying  them  sufficiently  to  permit  ascer- 
taining how  much  work  each  individual 
performs.  There  is  pleasure  in  solving 
problems  of  this  sort,  and  there  is  profit 
to  double  the  pleasure. 

There  are  many  classes  of  field  work 
that  must  necessarily  be  performed  by  a 
gang  of  men  working  in  such  a  manner 
that  individual  output  can  not  be  ascer- 
tained from  observation  of  their  work  as 
a  gang.  In  such  cases,  it  is  well  to  ascer- 
tain the  energy  of  the  individuals  by  put- 
ting them  all  at  some  sort  of  uniform 
work,  such  as  boring  holes  through  tim- 
bers, simply  for  the  purpose  of  trying  the 
men  out.  Give  the  men  their  regular 
wages  plus  a  bonus,  and  it  will  take  only 
a  few  days  to  find  out  who  are  the  real 
workers.  Weed  out  the  poorer  men  and 
substitute  others  until  a  gang  is  secured 
which  is  practically  uniform  as  to  the 
physical  strength  and  willingness  of  the 
individuals  composing  it.  Such  a  gang  en- 
gaged, for  example,  on  pile  driving,  can 
then  be  offered  a  bonus  to  be  distributed 
equally  among  the  gang.  Being  composed 
entirely  of  active,  willing  men,  there  is 
small  likelihood  that  serious  trouble  will 
arise  among  the  members  of  the  gang.  On 
the  other  hand,  a  few  incompetents  or 
drones  will  quickly  breed  such  discontent 
in  a  gan.g  working  as  a  unit  under  the 
bonus  system  that  the  system  will  be  a 
failure. 

Our  two  conclusions  are:  First,  give 
careful  thought  to  possible  methods  of 
doing  work,  so  as  to  substitute  individual 
work  for  gang  work.  Second,  if  gang 
work  must  be  done,  select  the  gang  with 
as  much  care  as  a  baseball  team  is  selected, 
eliminating  all  drones,  dullards  or  weak- 
lings. 


Application  has  been  made  to  the  New 
York  State  Public  Service  Commission  for 
a  franchise  for  an  "inter-terminal  belt 
line"  in  New  York  City,  entirely  within 
the  Borough  of  Manhattan,  a  modification 
of  a  more  extensive  system  of  freight  sub- 
ways submitted  to  the  Commission  some 
months  ago  by  W.  J.  Wilgus,  president  of 
the  Amsterdam  Corporation,  of  165  Broad- 
way, New  York.  The  proposed  system 
consists  of  a  four-track  water  front  belt 
line,  elevated  in  some  places  and  under- 
ground in  others,  with  a  crosstown  line 
at  -"iOth  street  and  lines  connecting  with 
the  Grand  Central  and  Pennsylvania  pas- 
senger terminals. 


Concrete  and  Reinforced  Concrete  Section 


Note: — This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  cover  the  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mixing,  transportation  and  placing;  fabrication  and  placing  of  reinforcement, 
and  form  construction  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


Comparative  Construction  and  Main- 
tenance Costs  of  Reinforced  Con- 
crete and  Steel  Bridges.'- 

RY   E.    P.   GOODRICH.! 

In  a  discussion  on  the  subject  of  rein- 
forced concrete  arches  and  otlier  struc- 
tures at  the  annual  convention  of  the 
American  Society  of  Civil  Engineers,  June 
26,  1906,  two  almost  opposite  opinions  were 
expressed  with  regard  to  the  relative  costs 
of  structural  steel  and  of  reinforced  con- 
crete for  bridges.  Mr.  R.  S.  Buck,  while 
acknowledging  "his  limited  experience  with 
the  system,"  in  his  opening  remarks,  stated 
that  the  development  of  reinforced  con- 
crete work.** 

has  been  largely  in  the  hands  of  contractors 
and  contracting  engineers,  with  whom  a  vi- 
tal point  has  been  to  bring  it  in  competition 
with  all-steel  construction.  In  this,  the 
speaker  inclines  to  think,  there  has  been 
rather  an  unfortunate  disposition  to  leduee 
the  cost  unduly  at  the  sacrifice  of  certainty, 
stability  and  durability.  It  is  not  possible 
to  construct  a  steel-conerete  arch  that  will 
compare  in  cost  with  an  all-steel  bridge  and 
at  the  same  time  furnish  the  ilesired  char- 
acteristics to  be  reasonably  looked  for  in  a 
masonry  arch.  The  steel-concrete  bridge 
possesses  sufficient  merits,  the  speaker  be- 
lieves, when  designed  on  conservative  lines, 
to  often  reduce  the  question  of  first  co.st  to 
a  minor  position:  and  if  it  cannot  do  this  it 
is  a  good  form  of  bridge  to  let  alone. 

The  opposite  idea  was  conservatively  ex- 
pressed by  Mr.  J.  R.  Worcester,  as  fol- 
lows :t 

One  statement  by  Mr.  Buck,  if  correctly 
understood,  that  there  could  be  no  com- 
parison between  the  cost  of  steel-concrete 
bridges  and  steel  bridges,  seems  to  the 
speaker  to  be  true  only  when  one  factor — 
that  is.  the  cost  of  the  abutments  for  the 
steel  brJ'iges — is  left  out  of  consideration. 
The  speaker's  experience  is  that,  in  the  case 
of  a  highway  bridge  of  moderate  span,  a 
comparison  between  a  steel-concrete  bridg'- 
and  one  of  steel  with  huckle-plate  floor  filled 
on  top  will  show  that  the  steel-concrete 
bridge  is  considerably  cheaper,  and  that 
where  good  foimdations  are  easily  obtained, 
if  the  total  cost  of  brid.ge  and  abutments  is 
included  in  the  comparison,  there  is  a  fair 
chance  for  steel-concrete  construction  to 
compete  with  all  steel. 

Between  these  two  views  there  is  sure 
to  be  a  middle  ground  of  fact,  the  boun- 
daries of  which  may,  however,  be  difficult 
to  define,  but  after  nearly  ten  years  of 
phenomenal  development  in  concrete  con- 
struction sonic  added  experience  has 
thrown    additional    light    on    the    subject. 

.At  the  quarterly  meeting  of  the  Asso- 
ciation of  American  Portland  Cement  Man- 
ufacturers, held  in  Philadelphia,  April  10, 
1907,  Mr.  George  S.  Webster  discussed  the 
subject  of  "Concrete  Bridges."  In  it  he 
described  briefly  the  Walnut  Lane  Bridge 


•A  paper  read  before  the  National  Cement 
lasers'  Association,  Cleveland  convention, 
.Ian.  13-16,  1909. 

IConsulting  engineer.   New  York.  N.  T. 

**Trans.  Am.   Soc.  C.  E..  vol.   XI>VI.   p.    n.".. 

top.  cit..  p.   101. 


in   Philadelphia.     In  answer  to  an  inquiry, 

lie    said:* 

The  contract  price  for  the  liridge  was 
J2f)2.0U0.  A  steel  bridge  would  probablj-  cost 
loss  in  this  location:  a  stone  bridge  approxi- 
inatel.v  50  per  cent  more.  The  aditional  cost 
of  this  bridge  over  one  of  steel  is  due  to  the 
cost  of  centering.  As  the  bridge  is  located 
in  Fairmount  Park  and  over  the  picturesque 
Wissahickon  Creek,  a  steel  bridge  would  be 
inappropriate   with    the    siu'ctundings. 

In  this  case  it  is  to  be  observed  that  no 
real  competition  took  place  between  those 
advocating  concrete  and  those  who  ex- 
ploit steel  bridges.  A  decision  was  reached 
requiring  the  construction  of  concrete  and 
the  first  cost  was  of  rather  secondary  con- 
sideration. And  that  has  come  to  be  the 
general  attitude  of  those  associated  with 
the  selection  of  types  of  bridges  for  given 
sites  much  more  tlian  was  the  case  eight 
or  ten  years  ago.  At  that  time  alternate 
bids  were  often  asked  for  steel  bridges  and 
also  for  concrete  arch  construction.  Among 
many  such  cases  the  following  may  be 
cited,  wherein  the  reinforced  concrete  de- 
sign carried  an  estimated  cheaper  first 
cost : 

(a)  A  seven-span  bridge  of  concrete  at 
Waterloo.  Iowa,  cost  $54,000.  or  $1.80  per  sq. 
ft.,  while  the  lowest  bid  for  a  plate  girder 
construction  was  higher. 

(b)  A  seven-span  brid.ge  of  concrete  at 
Dayton.  Ohio,  cost  $123,170.  Eight  bids  wcyp 
received  for  a  steel  plate  girder  design  and 
sp\'en  on  the  concrete-steel  design.  Tlie 
latter  were  about  $10,000  the  lowest. 

(c)  A  120-foot  span  concrete  bridge  at 
Lansing.  Mich.,  cost  J.'il.OOO.  while  the  low- 
est  of  the  three  steel   bids  was   $35,00ii. 

(d)  While  not  strictly  a  competition,  it  is 
to  be  noted  that  witii  re.gard  to  the  Sandy 
Hill  15-span  concrete  bridge,  which  cost 
$77,000,  Prof.  William  H.  Burr,  in  a  letter  to 
the  writer,  says:  "I  am  very  sure  that  a 
steel  bridge  to  carry  the  .sanif  loads  .ould 
not  have  been  built  for  much,  if  an>".  less 
cost  than  the  reinforced  concrete  structure." 

(e)  A  cheap  but  substantial  highway 
bridge  in  Wabash  County.  Ind.,  which  was 
guaranteed  flood  proof,  cost  $573  in  compe- 
tition with  steel  bridges  and  plain  eoiu-rfte 
culverts  of  sante  span  and  roadwa-,-,  thp 
lowest  bid  on  steel  being  $665  and  on  plain 
noncrete  $943. 

(f)  The  Illinois  Central  Railroad  erected  a 
bridge  over  the  Bi.g  Muddy  River  for  the 
following  approximate  amounts: 

Work   for  railroad    company $  34.402 

Work    by    contractor 72,12S 

Skeleton     steel 4,  ir,i 

"rushed     stone 7.200 

Engineering,     etc 6,700 

$124,881 
This  nia>'  be  compared  with  tlie  cost  of 
■ularging  or  rebuilding  the  original  piers 
md  abutments  and  placing  thereon  a  super- 
structure of  three  double-track  steel  spans 
built  to  carry  the  present  standard  loading, 
estimated  as   follows: 

Masonry     %  30,000 

Palse     work 10.000 

Shop  work  at  3.58  cents 75.180 

Erection    and   painting 10.500 

$125,680 
fgl  .\t  Yorktown.  Ind..  was  erected  a  95- 
fl.  span  highway  liridge  for  about  $100  less 
tlian  the  lowest  bid  for  a  steel  truss  bridge 
of  the  same  span.  The  construction  was 
completed    and    the    bridge    thrown    open    for 

•Bulletin  No.  15.  Assoc.  Am.  Port.  Cem. 
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tralttc  111  only  11  little  iiiori<  than  6"  tUyH 
mff**r  Ih**  awaril  of  the  rontnii't 

On  the  other  hand  steel  .111011  is  of  less 
first   cost    llian   concreli  : 

(a)  In  llir  eoae  of  tlio  Juiu-tluii  llolluw 
BrIilKr  111  Si-hrnlcy  I'lirk.  IMlt»l)uri{.  a.  coii- 
cTft''  ftnh  •■Htliiiuti'i]  ti)  eoHt  $7  per  »»i.  ft.,  In 
tleirrltMHl  us  "'inly  a  trlili'  tiiorf  thuii  wan 
lialii  for  ttii-  Mt«-i-l  ar*-h  wlilfli  wu8  «coo|itfil 
■Dd  built  " 

(ki)  Ai  St.x  kl>rlilK<-  u  Hiiiall  foot  lirlilge 
over  till  liiiu.iHti'iili'.  If  liiilll  iif  Iron,  wok 
efltliim(>'<l  i<>  t-<i!4t  SI.4Tr>.  while  tti*-  concret** 
one  ;it-tu,tll.\  i'r*M-i«-il  I'ost  iihiro  tluiii  that  ttg' 
ure.   l»(-iiuM-  Mf  tttttl  fntiritlulionH. 

(<i  Tlif  I i|n'lltlv<-  pUinH  prepared  for  the 

m<'niorl:il  lirlilK<'  "Mr  thi-  rolonuu-.  ft.r  the 
chief  eiiiclneer  of  llie  army.  InchiUetl  Hrveni! 
different  ile.Hik'ns  In  ronereie.  It  Is  sjilil  thai 
a  .'•le.l  stru.  ture  for  the  «ini<-  .site  woiiUl 
hu\e  (■(<!«(  iiNoiit  113  per  cent  lefts  than  that  of 
the   wlnnlnc  deslKn   In    reinforced   concrete. 

(d>  In  tile  competition  for  a  tirklge  at 
Plalnwell.     Mich..     i3     proposals     were     sub- 


Klohiiioiid  Cn-ek.  plunii  were  prepared  for 
brldKes  of  Iron,  stone,  hrick  and  I'oncrete. 
Bldii  were  received  on  the  last  two  mimed 
only  and  raniti'd  heiween  $ll.:'.'.'.i  anil  tl'.'.830 
for  a  brick  arch  ami  heiweeii  tl'>.).'!3  and 
}i:.lli>  for  concrete. 

Ill)  At  Indianapolis,  the  lowciit  price  re- 
ceived for  bulldliiK  two  Melan  brlilKes  was 
tlUS.34U.  the  lowest  price  for  stoio-  hrhlKes 
beInK  lH0,itS»6.  Slei-1  brldnes.  although  Mune- 
whai  lower  In  cost  than  ilo'  loncrete  ones, 
were  'ejected  on  account  of  their  Inferior 
beauty  and    their  temporary   chamcter. 

In  an  interview  with  Mr.  Edwin 
Thatcher,  the  Nestor  of  concrete  hridgi 
huilders  of  the  United  States,  he  stated 
that  concrete  could  almost  always  compete 
with  steel  for  hiKluvay  structures  when 
ever  the  floor  in  each  case  was  to  be  paved 
like  the  street   surface.     When,  however.  .1 
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inltte<l  for  different  tvpcs  of  steel  bridges, 
varylnit  In  price  from  111,000  to  126,000.  all 
the  lendlnK  builders  In  the  country  belns 
repri'-si-nli-d.  For  concri-te-steel  construction 
six  bids  were  received.  rnnKlni;  from  $16.0oii 
to  $27,000  The  board  favored  a  concrete 
brIdKe,  but  the  only  bid  within  the  appro- 
priation 1 120.000)  was  rejected  on  account  of 
tkulty  design.  At  an  adjourned  lettlne. 
three  bids  were  recelv.d  for  concrete-steel. 
vanInK  from  $19,900  to  $2o..-iOO. 

Some  other  comparisons  in  first  cost 
may  also  be  instructive. 

(a)  For  a  bridge  over  the  Neutra  nt  Neu- 
hansel.  In  Hungary,  a  concrete  bridge  con- 
sisting of  six  s|ians.  each  '..IS  ft.  In  the 
cle.nr.  cost  $13.7o0.  while  a  wooden  one  of 
twelve   spans    was   estimated    to   cost    $12,000 

<bi  The  concreli'  arch  over  Park  iivenue. 
In  Eden  Park.  Cincinnati,  cost  $7.i:!o.  while 
a  stone  structure  was  estimated  at   112.000. 

(c)     AI     Relievllle,     111.,     for    a    bridge    over 


plank  floor  was  allowed  in  the  case  of  the 
steel  structures,  concrete  could  not  usually 
compete  successfully,  simply  on  the  basis 
of  first  cost.  Concrete  has  not  been  used 
to  any  great  extent  in  railroa<l  work  ex- 
cept for  spans  so  short  as  to  class  the 
structure  as  a  culvert.  The  Florida  East 
Coast  Railway  is  a  case,  however,  where 
many  miles  of  concrete  arch  viaduct  were 
erected  and  steel  structures  were  not  con- 
sidered, the  writer  is  told.  Other  railro.ids 
arc  also  taking  up  this  class  of  construc- 
tion more  and  more  as  time  passes  and  it 
will  diiubtless  soon  be  recognized  as  a  spe- 


cial type  of  consiruclion  for  inspection  and 
other  purposes. 

Mr.  George  P.  Carver,  in  his  hand  book 
on  Reinforceil  C<increte.  gives  detailed  es- 
timates of  concrete  arch  bridges  of  .50,  75 
and  l()0  ft.  span,  28  ft.  wide,  from  which 
he  has  prepared  a  curve  of  costs  to  be  used 
in  roughly  estimating  such  structures  for 
inte'rurban  railroad  use. 

The  estimates  are  as   follows: 

SPAN,    r.O    FT.;    WIHTII.   28   FT. 

Steel.   27.700   lbs.,  at   2^   cents I      6!>:.50 

Steel  placing.  27.700  lbs.,  at   1   cent..         277.00 

Formwork  at    $1    per  eu.    vd 370  00 

Cement.    481    bbls..   at   $2 962.00 

Sand.    IS.",   cu.    vds..  at  $1 185.00 

Stone,   370  cu.   yds.,  at  $2 740.00 

.Mixing   and    placing  ,370   eii.    vds.   at 

$1.50 r-.is.oo 

$3,781.50 
Ini'ldenlals   add    1.'.    per   ■  .  ni  567.22 

$4,348.72 
Pniflt  add    10   per  cent...  434.87 

$  1.783..-.9 
.SPAN.    7.-.    FT.;    WIlJTll.    2.S    FT. 

Steel,  38,800  lbs.,  at  2^4  cents $      970.00 

Placing  steel.  38.800  lbs.,  at  1  cent..         388.00 

Formwork  at    $1    per   cu.    yd 740.00 

Cement.    962    bbl.s.,   at   $2 1.924.00 

Sand.    370   cu.    yds.,   at   $1 370.00 

Stone.    740   cu.    yds.,   at    $2 1.480.00 

.Mixing   and    placing   740   cu.    vds     at 
$1.50     l.UO.On 

$6,982.00 
Incidentals  add  15  per  ciiit 1.047.30 

$8,029.30 
Profit   add    10   per  cent.  .  .  802.93 

$8,832.23 
SPAN.   100  FT.;  WIDTH.   I's   FT. 

Steel.    55.650  lbs.,   at   2^4   cents $  1.391.25 

Placing  steel.  55.6.'>0  lbs.,  at  1  cent..        .156.50 

Formwork  at  $1   per  cu.  vd 1.008.00 

Cement.   1.310  bbls..  at  $2 2.G20.0O 

.■vind.   504    cu.   vds..   at   $1 504.00 

Stone.   1.008   eu.   yds.,  at   $2 2,016.00 

Mixing  and  placing  1.008  cu.   vds.  at 

$1.50 1.512.00 

$9,607.75 
Incidentals  add   15  per  cent 1.441.16 

$11,048.91 
Profit    add    10    per    cent 1,104.89 

$12,153.80 

Table  I  gives  some  of  the  dimensions  and 
costs  of  a  nuiubcr  of  arches.  In  the  case 
of  single  arch  spans,  the  cost  per  square 
foot  is  computed  from  face  to  face  of 
abutments  and  out  to  out  of  railings. 

Continental  European  practice  is  well  de- 
scribed liy  Prof.  Morsch  in  "Eisenbeton- 
bau."  Translations  of  the  pertinent  parts 
of   this   book  arc  as    follows : 

In  the  early  stams  of  railroad  coiislruetlon 
culverts  roofed  with  n^tturnl  stone  were  ex- 
tensively employed.  With  the  advent  of 
concrete  and  of  cement  pipe,  arched  con- 
duits, easily  constructed  In  concrete,  or.  for 
smaller  openings,  concrete  pipes  were  sub- 
stituted. With  the  Introduction  of  rein- 
forced concrete.  however.  slab  culverts 
again  became  useful.  Since  It  is  possible 
with  the  aid  nf  relnforcem.nt  to  make  tho 
concrete  slab  resist  any  bending  stress,  the 
.span  of  the  slab  on  tlie  d.-ar  way  through 
these  culverts  can  be  Increa.sed  to  about  6..'i 
m.  121  ft.>.  so  that  their  field  of  usefulness 
has  been  greatly  extended  The  siuin  inlghl 
be  still  further  Increased,  but  beyond  about 
5  m.  (Ifi  ft.)  T  beams  are  cheajier  than  sim- 
ple slabs.  The  usual  arrangement 
Is  (then  I  to  siian  the  opening  with  several 
similar  iimllil  girders  and  lay  a  Moor  slab 
belw  ...  T-benm  bridges  of 
this  •  .ins  up  to  16  m.  (.'i2  ft.l.  are 
»'ntlt,  ible  and  In  most  mses  cheap- 
er llKiii  'i|.  .  1  bridges.  Special  Instances  ex- 
ist of  20  m.  (86  ft.)  spans.  .  .  .  With 
wider  stuins.  the  girders  become  rither 
hi-avy.  .HO  that  T-bi»am  bridges  possess  little 
superiority  over  steel  ones. 

An  Important  advantage  of  such  rein- 
forced concrete  bridges  over  mllways  Is  that 
thev  are  not  arfected  by  the  gases  from  the 
locomotives,  which.  In  the  case  of  busv 
stretches  of  track  and  where  dlfllcult  of  ac- 
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cess  cause  active  corrosion  and  high  main- 
tenance charges  for  steel  structures.  .  .  . 
If  the  length  of  a  horizontal  reinforced  con- 
crete bridge  is  greater  than  16  to  20  m  (43 
to    66    ft.)T    intermediate    supports    must    be 

'""fn^^sttaight'  girder      bridges     of      feater 
lengths    an    expansion    jomt    must    be    pro- 
vided about  every  fourth  openmg.     .      .      • 
In  arched   bridges,   reinforced   concrete  can 

^uVe?^?;°u^furf'/n%^u^^[nl'-thY^;kd'ry.°^o;'Jn 

'^"ln^'me^d?u'?/srans%f-40;to>0  m.  (130  to  165 
ft  )  the  employment  of  remforced  concrete 
as  the  arch  material  is  less  f^queiit  since 
in  this  case,  provided  a  proper  profile  has 
been  employed,  no  tensile  stresses  occur  be- 
cause of  the  large  dead  load.  (Dn  the  other 
hand  reinforced  concrete  is  better  adapted 
for  long  spans.  If  the  safe  compressive 
stress  in  the  arch  is  not  to  be  exceeded,  it  is 
nece?slrv  to  limit  the  weight  of  the  super- 
structure, and  this  can  be  done  by  a  su'tab  e 
emplovment  of  reinforced  concrete  In  this 
wav  the  dead  load  stresses  will  be  greatl> 
reduced,  but  the  small  edge  stress  may  de- 
crease to  zero  or  change  to  tension  under 
unfavorable  live  loads,  so  that  the  reinforce- 
ment is  again  necessary.  j  •  j  !„ 
In  consequence,  where  it  is  desired  n 
small  and  medium  spans  that  no  tensile 
stresses  shall  exist,  or,  in  other  words, 
where  only  mass  concrete  work  is  em- 
ploved.  the  superstructure  cannot  be  kept 
too"  li-'ht  A  light  superstructure  is  then 
lustiflable  onlv  when  demanded  for  archi- 
tectural reasons  or  when  it  is  necessary  to 
Impose    as    little    weight   as   possible    on    the 

^"The'^'arches"  can  '  be  constructed  as  re- 
strained or  as  three  hinged  by  using  suitable 
material.     ... 

A  large  number  of  examples  are  given 
of  each  type  of  construction  mentioned. 
Among  them  are  included  the  three-hinged 
arch  in  Gnmwold  over  the  Isar.  It  is  220 
m.  (772  ft.)  long,  including  two  main  spans 
of  7{'  m.  (230  ft.),  with  a  rise  of  12.8  m. 
(42  ft.).  The  floor  has  a  width  of  8  m. 
(26.2  ft.)  between  rails  Prof.  Morsch 
(who  was  also  the  designer)  finally  re- 
marks : 

Since  the  actual  cost  of  the  bridge  was 
only  about  260.000  m.  ($62,000  approximate- 
K)  it  is  demonstrated,  as  far  as  the  Grun- 
woid-Isar  bridge  is  concerned,  that  arched 
bridges  with  a%roper  arrangement  of  rein- 
torcSd  concrete  and  of  large  span  can  com- 
pete  successfully   with   steel   construction. 

In  this  connection  it  should  be  noted  that 
such  published  lump  costs  as  appear  from 
time    to   time    in   the   technical    magazines, 
should  not  necessarily  be  interpreted  as  the 
actual  construction  costs  of  the  work,  un- 
less the  contractor  is  known  to  be  one  of 
long   experience    in   bridge    erection.      The 
governing   bodies    of   municipalities,    coun- 
ties,   companies,    etc.,    are    altogether    too 
prone  to  accept  the  lowest  bid  in  a  com- 
petition,   irrespective    of    the    qualifications 
of   the   bidder.     Many   inexperienced   men 
have  submitted  figures  on  work  which  they 
were  unable  to  compass,  when  put  to  the 
actual  test,  often  losing  heavily  but  being 
compelled  for  business  reasons  to  shoulder 
the  loss   and   say   nothing.     In   other   and 
rarer    cases,   the   work   has    suffered   to    a 
dangerous  degree  and  the  municipality  or 
other     body    for    which     the    bridge    was 
erected  has  lost  much  more  through  costs 
of  repairs,  than  the  difference  between  the 
lowest   actual    and   the    lowest    responsible 
bid.     Such  bodies  will  usually  save  money 
in  the  long  run  by  retaining  the  services  of 
one  of  the  several  expert  concrete  engineers 
now  to  be  found  in  this  country,  who  will 
either  prepare  a  single  design  upon  which 
all  bidder?  can  base  their  figures,  or  pre- 
pare specifications  calling   for  detailed  de- 
signs   accompanying    each    bid,    with    the 


privilege  retained  of  accepting  any  bid 
which  is  considered  as  best  meeting  the 
requirements  of  the  case.  A  waiver  should 
also  be  exacted  of  each  bidder,  concerning 
any  claim  whatsoever  for  himself  or  any 
other  if  his  bid  is  not  accepted. 

All  the  costs  contained  in  Table  I  are 
first  costs,  or  the  initial  expenditure,  which 
is  almost  invariably  financed  by  an  issue 
of  bonds  by  the  municipality,  township,  or 
corporation  undertaking  the  erection  of  the 
structure.  These  bonds  usually  carry  about 
four  per  cent  interest  and  run  for  a  period 
of  from  twenty  to  fifty  years,  provision  for 
their  retirement  being  made  by  the  estab- 
lishment of  a  sinking  fund  in  which  is 
placed  a  small  yearly  percentage  raised  by 
taxation  or  derived  from  income.  The 
gross  amount  of  these  two  annual  obliga- 
tions thus  usually  amounts  to  between  six 
and  ten  per  cent  of  the  cost  of  the  struc- 
ture. This  condition  is  the  same,  irrespec- 
tive of  its  type,  the  only  point  being  the 
reduction  of  this  yearly  expenditure  to  a 
minimum  by  cutting  down  the  first  cost  as 
much  as  possible  and  extending  the  life  of 
the  bonds  as  much  as  advisable  so  as  to 
reduce  the  annual  amortization  charge. 
Obviously,  the  bond  period  should  not  ex- 
tend over  a  greater  period  than  the  life 
of  the   structure. 

The  question  then  immediately  arises  as 
to  the  probable  relative  and  actual  lives  of 
various   types     of     bridges.     Stone     arch 
bridges    have    been    in    existence    from   the 
times    of    antiquity,    but    the    advocates    of 
steel    structures    will    say    "they    were    not 
built  of  concrete."     In  the  south  of  France 
is    a   concrete   arch    bridge   known    as   the 
Pont   du   Gard   which   was   erected   in   the 
year  56  B.  C.    The  concrete  in  this  was  not 
composed  of  crushed  stone  or  other  small 
aggregate  of  .the  variety  now  employed  in 
concrete  bridge  work,  but  was  of  the  old 
style,  consisting  of  alternate  layers  of  large 
and  small   stones,   gravel,   etc.,   and  of  ce- 
mentitious    materials.     Vitruvius    describes 
the   materials  and  methods   in   use   before 
the    Christian    era   and   other   writers    like 
.\lberti   in    1485   and    Polladio   in   1570  ac- 
curately   describe    the    method   which    "the 
ancients"    (as    they    call    them)    employed, 
"of  using  boards  laid  on  edge  and  filling 
the  space  between  with  cement  and  all  sorts 
of    small    and      large    stones     mingled    to- 
gether."     It    is    very    improbable    that    the 
Pont   du   Gard  would   have  withstood   the 
rigors   of  climate  of  the  Northern  United 
States,  but  its  actual  state  of  preservation, 
as  well  as  that  of  many  other  specimens  of 
ancient  concrete  work,  proves  that  if  mod- 
ern work  is  honestly  executed,  it  will  many 
times  outlast  any  reasonable  bond   period, 
so  that   a  very   small  yearly   sinking    fund 
per  cent  is  all  that  is  required  for  properly 
designed  and  erected   concrete  work. 

Fr.  von  Emperger,  in  a  paper  read  be- 
fore the  American  Society  of  Civil  Engi- 
neers in  April,  1894.  writes  as  follows : 

It  is  not  out  of  place  to  remember  that 
nuite  a  number  of  concrete  structures,  in 
addition  to  the  Roman  water  conduits,  have 
stood     through     centuries,    as,     for    instance. 


the  cross-arched  vaulting  (78  ft.  span)  over 
the  bath  of  Diocletian,  in  "Hexsedra  amplis- 
sima,"  and  the  parabolic  main  aisle  of  St. 
Peter's  (87  ft.  span  and  150  ft.  rise),  both  in 
Rome. 

Speaking  of  modern  structures,  the  writer 
may  mention  the  bridge  over  the  Isere. 
France  (span,  85  ft.;  rise.  S.5  ft.,  and  2.5  ft. 
thickness  in  crown);  the  bridges  over  the 
Saevale  and  the  Iregua  near  Torio,  Spain 
(spans,  33  ft.;  rise.  7.5  ft.,  and  3  ft.  thick- 
ness in  crown),  and  the  aqueduct  at  Vannes. 
Fiance,    built    in    lSGS-69.     ... 

In  the  latter  the  arches  have  73  and  125 
ft.  span.  Later  on,  the  Pont  d'.\lma  and 
Pont  Napoleon  were  built  as  railway  via- 
ducts near  Paris,  spans  about  140  ft.  and 
one-tenth  rise.  Another  more  recent  exam- 
ple (1S73)  is  a  bridge  of  10.)  ft.  span.  13  ft. 
rise  and  20  ins.  thickness  at  the  apex,  near 
Erlach,  Germany. 

In  the  photograph  of  the  Aqueduct  of 
Vejus  reproduced  in  that  paper,  the  char- 
acteristic appearance  of  concrete  is  visible 
at  many  points. 

To  steel  or  wooden  structures,  on  the 
other  hand,  only  a  relatively  short  life  can 
be  assigned  at  best.  Wood  will  be  dis- 
missed without  further  comment,  except  to 
remark  that,  in  some  parts  of  the  west 
where  wood  is  exceedingly  cheap  and 
where  steel  and  cement  can  be  obtained 
only  after  being  transported  very  long  dis- 
tances, so  that  their  costs  are  very  high 
(from  the  heavy  freight  rates  made  neces- 
sary), it  may  be  possible  that  wooden 
structures  involve  the  smallest  yearly 
charge,  in  spite  of  their  very  short  life, 
even  when  treated  with  creosote  or  other 
preservatives. 

Turning  to  steel  then  as  the  only  real 
competitor  of  concrete,  a  remark  ascribed 
to  the   late   George   S.    Morison     is     often 

repeated,    that 

Steel  bridges  are  built  to  last  fifty  years, 
but  they  do  usually  last  liardly  half  that 
time.  , 

This  condition  is  due  to  insufficient  or  en- 
tire absence  of  maintenance.  The  writer 
has  been  told  of  one  highway  bridge  in 
Wisconsin  which  had  to  be  replaced  after 
only  eight  years  of  service.  Of  course 
this  is  an  exceptional  case.  Steel  bridges 
over  railroad  tracks  where  locomotive  gases 
can  produce  their  full  destructive  effect, 
have  been  known  to  last  just  about  the 
same  period.  Morsch  cites  an  example 
of  a  girder  erected  in  1886  and  found  with 
its  web  entirely  eaten  away  at  many  points, 
in   1907. 

In  a  paper  read  by  Prof.  C.  -M-  Spotford 
and  Mr.  F.  H.  Fay,  Dec.  16.  1908,  before 
the  Boston  Society  of  Civil  Engineers,  the 
Boylston  St.  bridge  over  the  Boston  and 
.\lbany  R.  R.  tracks  in  Boston  is  described 
and  its  history  recounted.  It  was  originally 
erected  in  1888,  with  small  clearance  be- 
tween the  floor  system  and  the  locomotive 
stacks.  It  was  subject  to  almost  constant 
train  service,  and  except  for  the  top  chords, 
was  practically  built  anew  in  1908.  In  the 
new  structure,  all  floor  beams,  etc.,  were 
protected  with  concrete,  while  the  bottom 
chords  were  raised  above  the  level  of  the 
floor  planking,  which  thus  protects  them. 
Where  highway  bridges  are  properly 
maintained,  even  when  subjected  to  the 
action  of  locomotive  gases,  they  have  beerr 
known  to  last  much  nearer  the  theoreticaf 
limit  assigned  them  by  Mr.  Morison  than 
this  one  last  cited.     On  the  New  York  Cen- 
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iral   R.   K    arc  scvtral  which  were  erected  about    1»7S>.  and  so   rebuilt  as  to  coniorm  -j^'                           /  Ja?."  J^cl'at.                     t 

as  long  aKo  as  18»j8.  1874.  1875.  1875.  1876.  to  the  standard  specifications  of  the  Lehigh  of 

1876.   1«77,   18!M.    18»U.  etc.     These  figures  \'allc>   Railroad,  prepared  in  189-J.     In  con-  p  '. 

in  each  case  fiive  the  actual  dates  oi  ercc  densed  form  they  arc  as   follows:  P;                               ;   mi'my                        -and 

tion  of  special  structures       I  he  great  total                                                   Sirlfngt'lK-nliii:    P-r  ""'  .,   ..,.                      a 

and  almost  steady  yearly  increase  in  weight  I.-nirilj  In  Ki-el.  CVi«t  In  1882    In  1897^_       ivm.  j.  . 

in   railroad   rolling    stock    during   the   past  .,„                          1  :m4  !"              -.vn -,ci        1.1  o  „„„.,;,  ,,,  .,•  .■  m 

twenty    years    has    made    it    necessary    for  '}[]                             ^'!' "il               i\  ivf,,r  repair*  or 

■      .....         ,,                1                u    -1  1  ^                                      '     -                          :  <<>     Annually                                                             n 

practically  all  of  the  older  roads  to  rcDuilU  luii                          4...; i;  "  charKf  of  iho  fitrii.Mir.-.  n.  u.i' nmn-  m.'  m- 

1            '    .u         .1.  ;-    t,,..l-    ctrii.-tiir«c     cr.  '-"     6."'"                            ■"        ■•'•"  ti-sxitv    for    fxleniilvc    repairs    or    relnforce- 

and    strengthen   their   track    structures,    so  ,^|,    ;.:•...                         •"       4C.o  ni.nt  Vr  rrnr-vnl. 

that  little  real  information  is  obtainable  as  160    ,?«« nii           ^  Vak  rX        Ho  '                              ihe   forcKolnB.    8p.clal    ex- 

jjjij     ll.679.0U            D.l&s.iiO        44.0  ,,,                                  l,p   mad.'  a»  <.cra»lon    may 

,0  the  possible  life  ot  a  steel  bridge.     With           .j.^^^^  j.^^^^^^  _.^.^,^,.^,  ^^^  ^^^^^^^  p„^.^.„l.  ,. 

careful    in-pection    and    ma.menance    there               ^^  ^^^^^  ^^  ^^.^^^^.^,  ^^  ^^  ^gg      ^^i^  ;,  J^     ; 

IS  really  no  i^ason  why  a  well-con™^  i„   addition     to   the   regular     maintenance  mil'in;,,.  u,au  it  .„.                                ""°f 

steel  bridge  should  not  bst  imUhniUb    and  ^.^„,  a„j  ;        ujvalent  to  about  3  per  ccm  a    state     „f     Mnhle 

such  structures  as  Brooklyn  Bridge   (built              ^_^^^^^_^^   corresponding  to  a  life  of  abo.i.  ^r^VtllatTobuMdlU  ' 

•n    1881.    for     example)     »;   •'"■•  J;'''^^-  „,i„j..fi,,,  years  for  the  original  structure,  J^^.J'^^ ^^^^^Ji^                 i^.ltTnl  ?i 

\rches.  may  be  expectc.l  to  see  man>   gen-                        ,          „,i^            ^^.   theoretical   basis.  M.l.Rtructure  by  .,eour. 

,„,:r,nt  II  Mipmi  ■     J                 I  1,^     p,^.    engineering   dopartmont    whenever 

*'•"'""'■                                „      ,     I       !•    ■         •                •"   <li.<cussing  this  subject   it  is   very   (lit-  „    structure   is   reported  as   requiring  repairs 

In  the  "Technograph     of   the   L_niversily  ^.^^^^^    ^^    separate    the    annual    depreciation  "r  r.-ncwals. 

of  Illinois,  for  mX  Mr.  .Mbert  F.  Robin-  ^^^^^  ^^^  maintenance  costs.     Lumping  all  The  items  which  are  to  be  noted  by  the 

son.  Engineer  of  Bridges  and  Buildings  of  ^^^^  .^^^^^  together   the  New  York  Central  inspector,  as  required  by  the  Oregon  Short 

ihe  C,  R.  I.  &   P.  Ry.  states  the  principle  ^^^^^^^^     .^   per   cent   per   .innum     as   the  Line  Railroad,  are  as   follows • 

that    the    life   of    steel    railroad    bridges    is  ^^^^^^^^^   ^_^   ^^,,^.^^   ^^  ^^^^   ^„   .maintenance  l.  Class  of  structure, 

only    fifteen   years   because   they   must    all  .^^^_,  ,,,preciation  charges  when  contracting  5;  hlTi^^  of  spans, 

be   rebuilt   to  accommodate  heavier   traffic  ^^.^,^  ,„„nicipalities  concerning  railroad  and  ^    k'nifroiehes*^'"  "'  ""' 

a,  imerv..ls  of  about  th..t  length.     Mr^  G.  ,,ig,„vay    crossing    structures.      Since    this  lAf.T'"''"''-                                               : 

W.  Kittredge.  Chief   Engineer  of  the  New                    .^   ^^  ^^^.^^   ^„   ^^^^^^.^   ^^   ^^,,,.,,^^.  7.  |^ns. 

^a^Sv'^tl'^rclicX  rebuiu'anll  --  ^^"'-  "^  '^  "^"^"^  '°  ^^^f'^"  T"  '»■  ^"r^-."at.aehment.. 

■hat    they    had    pr.icticalh    rebuilt    all    tne  ^^.,,at  more  than  this  figure  or  about  thirty  ii.  Corbels. 

bridges    on    their    system    during    the    past  ^^^^^  ^^  ^^^  ^^^^^^^  ,.j^  ^^  ,,,^  ^^i^^^  ^„j  ,2.  caps^  ^'^'^^./J-ber  walls 

few    years   commencing   in    1900,   but   that  ||^^^^  ^   somewhat  arbitrary   but   fairly  sat-  U-  Sway  braces. 

while    those   in    the   list    mentioned    aboye  .^j^^^^^^.    ^^^^   ^^  depreciation   can   be   as-  \t  ?u1ven ''^ipe. 

had  largely  been  strengthened,  the  old  por-  ^^^^^^^  |^^  ^„  ^^^^,  ^^.^^^^      q^  ^^.^  ^^^i^  n.  Box^  culverts 

tions  were  still  in  excellent  condition.     He                        .                       ^^^^,^,   ^,^^.^^.^   ^^   ^^  ,-  p^„^„  „„^  ^nd  walls. 

,tated   further,  that  when  the  Grand  Cen-  ^^^^^  ^^  ^^  ^,^^^,^,  amortization  rate  for  1?;  PLTs  ^nSTb-^'.^i^ems"" 

,ral    Station   train   shed   was   removed  this  ^^^^^    structures,    against    not   to   exceed   2  ==•  P^^-^Jtes'"'"' 

year,   it   wa>    lound    in   remarkably   per  fee                          corresponding  with  a  bond  period  24,  Anch^or  boits. 

.■nnilition       It    was     erected      in      18i0,   of  '^,   ,.,                    ,                   ,  2'-.  Linp   camber. 

,.onuition.      It    wj5     cic«.i                          ,  ^j   |.jj^,  years,   for  concrete  ones,   irrcspec-  2<;.  T.-nslon  members. 

wrought  iron  imported   from  r.ngland.    1  lie                     .  27.  Cnmprp.sslon  members.  i 

,-.      ■      ,  • ,   c„„,v,„,„   Ro;i,..Tv  wns  hiiill  "^''"  :S.   Floor  beam."!,   attachments. 

Cincinnati  and  Southern  Railway  was  built          7„rning  now  to  the   subject  of  maintc  2!..  lateral   connections. 

about   1880    and  the  bridges  along  its  line                                    i      •      i           .u- u-,     .„.  •'"■  Hancrrs. 

.louui    icoi..   aim   ...I           s       .  „         .    .  nance,    pure    and    simple,    nothing    has    yet  :„    i^p^,  suspenders, 

were   constructed   in  an  especially   substaii-  ^^^^    ^^^.^^^^^    ^^.^^^^    ^1^^^    ^^^    Preliminary  S2    I^oso  pins  or  nuts, 

tial  manner  and  in  accordance  with  sped-                 ^    ^^    „^^    Committee    on    Iron    and  i!];  ^min  hoYes' 

fications    which    were    then    considered    as  g^^^,  Structures  of  the  .\merican  Railway  ^  r^i-'r.-Vlon. 

particularly  advanced      Neyertheless,  about  ^     .^^^^.       ^„^  Maintenance  of  Way  As-  ■-.  Pl'-<'X,es 

19(K.   it   became  absolutely  essential  to  re-  ^J^^.^^    « ^,^.^^j  .^  g^„^^j„  ^^   8,_  ^„  ^^-  ^.■ji-.P^"- 

build    them    and    the    past    five    years    has  ^^^^^^^   ^^^^  ^^^^.^^   .^  ^^   j^„^^^^  ^  4n.  An-'^JO-ks. 

<ecn   a   gradual    reconstruction   throughout                                                         .  ,   .   i  ■„       i-)'  n.t>r,i   holts 

ni<.>.u...             o                     .j,|^^    inalntcnance    of  a    metal    bridge    con-  ■•-•  '    '""^"    """v  „„   ,,,„„ 

the   whole   system.     .Again   in  this   instance  Hiats   In   the    prevention   of   deterloratl.i-    '.^  «    ^""^I^'  """  P"""""^ 

the  twenty-year  interval  is  apparent  as  the  rust^and  wear,   »;e^;;Xi:;!"^.;^r^\  '::'' .   ^  ^  ^7''"-  ',  „ 

maximum  period  for  special  bridge  bonds,  and^^the  .----■•v,„»;'-ongih.,,lng_^^.  ^  ;,,.  jn.  Ji^J-""-- 

if  they  were  to  be  issued.                                     vlrr  ihnn  ihiis.-  for  which  It  was  ilcsigmd  This  list  is  somewhat  more  detailed  than 

A  conservative  deduction  from  the  above  ^  To  '}<j^^'i,]^;;i^-^,;^%^^^;^'^l^;;,Z^],]^:,  ^^e   those   of    many   other   roads,   but   the 

meniionc.l.    an.l    many    other    observations.  pa^nii'j..-.  f;:;;!/;.'^./;':,'*;'""';;,,,^!;;;,,;,^;'"'^^''.,.!,"',';;,';  number  of  items  mentioned  only  shows  the 

would  lead  to  the  conclusion  that  ordinary  joints  must   iif  k.pi  worklni,-  fr«i>ly.  nil  ,1.-  more  clearlv  the  necessity  for  constant  and 

highway  bridges  should  not  be  assigned  an       feets  .;jnd  ';-^^rl.-s^MK._»t  '-^ P-'^'^/v.-'-teV-  rigid  inspection  of  such  'structures  and  the 

average     life   exceeding     twenty   years   at       min.d  a.s  u.runii.ly  as  possible.  many  ooints  from  which  trouble  may  arise. 

<    I- r                    1  1   L               .11      I -.1..            TiK-    iiuriiiisv  of   ail    Inspicllon    Is   to  nsr>T-  ■■■•■i'.'    f"-    ■-  .... 

most,  and  fifteen  would  be  a  riauy  better       ,„|„  ,,„.  ,.„n,ii,|,,„  „,ui  »„f,.tv  ..f  th.^  stm.  p(,r    comparison    with      the      foregoing, 

periotl  to  which  to  limit  the  life  of  steel       J,V''j;,:.;!,,;;;,t:'T,lll'^,V'%""V''!.7,V"V\V  ' V,'-  herewith  is  submitted  a  somewhat   similar 

highway    briflge   bonds.      Railroad   bridges       ,,„|r„  „r  r.-n.-wal.    ordii                            ii  an-  |jj.(  ^f  items  concerning  concrete  or  stone 

usually    receive   better   care,   an.l   their    life       ,7';,„';'';i';,', 'iumeTfo^'  ,                             :'    ih.'  ar,1,    bridges. 

may    be    consi.lercd    as    somewhat    longer.       ^-J;:,^^^X^\r:^a,^r't.,;A]''Z,^^^  .,f  structure.. 

except   that    from   time   to   time   they   must       ,),ort  of  u  dally  lnHpo<ii..ii   u  iil   !"■   -umol.'iu  ■'■ 

be    strengthened    in    order    to    make    them       i'i,,f,'jr«;»s:^"r.v''an'                              "    '""  4.  11' iX",:/.X"of   rail 

»afe   for  increased  loads.                                          H.-tw.-n    ih.-m-    i".                                   nro  .x  ai  i. :..•..  b.-s 

*--.,..               •        t                       -.11-                 many     r«^asi*iis     f"t                                                      '  2*    . 

Mr.  Robinson,  in  Ihe  paper  cited  above.      ,„„r,.  or  loss  ihoi  ^    ]_ 

presems  estimates  of  the  costs  of  strength-       ,/,',';  „f;;";;;*;l;',f^,,':'..r  ,1,..  ,.,a.  u. .    ..(  \u,-  v«-  9.  n:„.i    mils 

-ning   single   track   structures   of   different       rlons   rrmds   ropiving   t..   th.'   ,ii.ular.     It   is  10.  J) •''••■■""> 

.          '^              ,              ,             .                       .     ,        Mi.i.n.abb'    10  .-lihi-r  lb.'  .IM-i"   'I  or  d-parl-  II.   I  a\  Ink. 

lengths,    assumed      tn    have    been      crectcl       n'l.ln,,,,   ^v-i.-.n  ..f  nuili  •  2-  S"ffets. 

..bout  188-.'  in  accordance  with  the  standard       ,,/;  ln|,;:eA'"i;;\;f"'ihe'';';..                .r^^'X-cUiN  13:  AyJl.T.rms 

specifications   of   the   Erie   Railroad,   issued       \y    whether   the   mruoturv   Iuim   suffert-d   anv  1.1.  Wing  walls.  t 
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16.  Piers. 

17.  Parapets. 
IS.  Drain  holes. 

1I>.  Expansion   joints. 

20.  Vibration    and    deflection. 

The  points  to  be  noted  arc  almost  en- 
tirely cracks;  their  location,  width,  length, 
depth  and  water  bearing  qualities.  Their 
location  will  determine  to  a  certain  ex- 
tent whether  they  are  due  to  settlement  or 
spreading  of  abtitments,  to  setting  shrink- 
age, changes  of  temperature,  or  overload- 
ing. Their  change  of  size  with  variation 
in  load,  humidity,  temperature,  etc..  will 
afford  further  information,  especially  as 
to  their  cause  and  cure.  The  amount  of 
water  coming  through  them  and  its  qual- 
ity is  of  importance  in  determining  the 
dangorousness  of  their  existence  from  an- 
other point  of  view. 

In  properly  reinforced  concrete,  failure 
is  sure  to  be  very  gradual  so  that  there  is 
less  chance  for  accident  than  in  some  other 
types  of  structure,  nevertheless,  it  is  wise 
to  inspect  them  just  as  frequently  as  is 
done  on  other  varieties  of  bridges.  Their 
foundations  should  be  given  especial  care 
in  original  design,  in  construction,  and  in 
periodical  inspection  after  completion,  be- 
cause there  is  almost  invariably  a  smaller 
waterway  left  in  the  design  of  arch  bridges, 
than  in  the  case  of  the  vertical  abutments 
for  a  steel  bridge.  Worse  scouring,  espe- 
cially in  time  of  flood,  may  thus  be  pro- 
duced and  inspectors  should  note  all  phe- 
nomena along  this  line.  On  the  whoU'. 
therefore,  no  saving  can  be  made  in  the 
costs  of  inspection  by  the  erection  of  con- 
crete structures  in  place  of  steel,  and  hence 
this  small  but  important  item  can  be  ig- 
nored in  making  a  comparison. 

One  of  the  best  known  reinforced  con- 
crete construction  companies  gives  the  fol- 
lowing reasons  for  the  choice  of  concrete 
structures   in   place   of   steel : 

STEICL  BRIDGK. 

Labor      "j 

Steel   !  All  come  from  out  of  tow  n. 

Material     J 

rUnsiglitly. 
^  I  Costly      to      maintain      in 

roadway    and    paint. 
I  Constantly  in  need  of  in- 
I       spection. 
When    built    tlie    I 

-!  Short  lived. 

bridge     is I 

With      wooden      floor      in 
I       danger   of   burning. 
I  Subject  to  rust  in  hidden 
I       parts. 

I  Noisy  under  traffic. 
In   general   use  only  because   up   to  tlie   in- 
troduction  of  tile  reinforced  concrete  arch  it 
was    the    only     fairl.v      durable      low      priced 
bridge. 

REINFORCED    CONCRETE    BRIDGE. 
Most    of   the    caipenter   and    other    labor   is 
hired    in    tlie    town. 
Gravel    ....  1 

Sand      I 

Stone    I    Money    for    all    these  goes  into 

Cement    . . .  !■ 

Lumber  ...  I        the  business  of  the  town. 

Teaming    . .  I 

Board      J 

( It  increases  in  strength  as 
I    it    grows   older. 
When  the  bridge  |  It     is     the    most    graceful 

is  I'uilt bridge  made. 

There    is   no   maintenance 
expense. 
I  It  is  quiet   mider   traffic. 
When    maintenance    of    a    steel    bridge    is 
considered,      a      reinforo-fl     concrete     liridge 
shows   economy  of  investment. 

It  is  the  last  claim  in  which,  the  present 
interest  centers  and  by  the  fore.going  pre- 
sentation,  the   only   points   now    left    open 


for  comparison  are  costs  of  roadway  re- 
newal and  of  repainting.  The  former  is 
a  most  difficult  matter  for  determination 
since    a      concrete    structure    will      always 


Span.  Type. 

45 PI.  girder 

60 PI.  gitder 

S."> PI.  girder 

too Ponv  lattice 

100 Lattice 

125 Lattice 

150 Pin 

175 Pin 

200 Pin 

250 Pin 

carry  the  regular  railroad  ballast  and  track, 

or  the  highway  or  street  surfacing,  which 
has  to  be  maintained  only  to  the  same  ex- 
tent as  the  adjoining  thoroughfare.  It  has 
already  been  stated  that  concrete  cannot 
usually  compete  with  steel  highway  bridges 
(as  to  first  cost),  when  the  latter  are  to 
be  designed  with  plank  flooring.  The  life 
of  this  material  is  extremely  variable,  de- 
pending almost  entirely  on  the  density  of 
traffic.  On  Brooklyn  Bridge  the  2%  inch 
spruce  plank  of  the  wearing  surface  must 
be  replaced  about  every  four  months,  while 
the  writer  has  known  of  country  highway 
l)ridges  in  which  the  flooring  rotted  away 
so  as  to  need  renewal  before  the  traffic 
had  produced  enough  wear  to  necessitate 
relaying.  Between  these  two  extremes  the 
conditions  are  so  wide  as  to  make  this 
item  too  indefinite  to  be  entertained  except 
in  cases  or  locations  where  the  wear  and 
cost  of  renewal  are  known.  In  such  an  in- 
stance it  is  only  necessary  to  estimate  tin 
yearly  expense  for  renewal  and  compute 
from  it  the  percentage  of  the  total  cost  of 
tlie  structure.  As  an  example,  assume  a 
bridge  100  ft.  long  and  30  ft.  wide  of  which 
the  planking  has  to  be  renewed  once  a 
year.  Assume  a  3  in.  yellow  pine  wearing 
surface  which  costs,  including  tearing  up, 
spikes,  labor,  material  and  supervision, 
$40  a  thousand.  This  item  then  aggregates, 
30  X  100  X  3  -^  1000  X  411  =  $360.  If  the 
initial  total  cost  of  the  structure  were 
$10,000,  the  yearly  percentage  cost  of  road- 
way renewal  would  be  slightly  less  than 
four.  This  figure  is  known  to  be  very 
modest  and  when  it  (which  represents  a 
yearly  cost  of  12  cents  per  square  foot  m 
this  instance)  is  compared  with  $1.35  per 
square  foot,  w^hich  is  about  the  yearly  cost 
of  renewal  of  the  planking  of  the  Brook- 
lyn Bridge,  this  point  is  made  all  the 
clearer. 

The  floors  of  railroad  bridges  (unless 
constructed  with  buckle  plates  or  similar 
material,  on  which  the  regular  ballast  road 
bed  is  carried),  are  largely  of  timber  which 
has  a  relatively  short  life.  In  general  it 
may  be  estimated  that  the  wooden  portion 
of  such  a  floor  will  last  about  ten  years 
in  the  northern  part  of  the  United  States, 
decreasing  to  about  six  in  the  southern 
states.  The  cost  of  a  floor  is  almost  purely 
a  function  of  the  length  of  the  bridge 
alone,  so  that  it  is  impossible  to  assign  to 
it  a  percentage  value.  .'\  rough  estimating 
figure  of  $3  per  ft.  per  track  is  sometimes 


given  for  the  timber  work.  The  fullowing 
table  gives  some  estimated  cosis  of  steel 
work  and  railroad  bridge  floors  for  differ- 
ent spans,  for  the  sake  of  comparison  : 


Pe 

■  cent 

cost  of  renewal 

Cost  per  foot  tif  s]  an. 

of  timber 

Steel. 

Floor  svsteni. 

Total. 

^^■< 

rk  per  year 

.1:25.00 

$  3.00 

J28.00 

1.1 

30.00 

3.00 

33.00 

0.9 

39.00 

3.00 

42.00 

0.7 

38.00 

6.00 

44.00 

0.7 

29.00 

10.00 

39.00 

0.8 

35.00 

10.00 

45.00 

0.7 

36.00 

12.00 

48.00 

0.6 

41.00 

12.00 

53.00 

0.8 

46.00 

12.00 

58.00 

O.u 

60.00 

12.00 

72.00 

0.4 

The  painting  of  a  steel  structure  is  a 
great  question.  There  are  several  hundred 
"best  paints"  on  the  market,  some  of  which 
are  good,  and  some  of  which  will  liardly 
last  until  the  paint  salesman  can  collect  his 
bill.  The  best  paints  obtainable  will  last 
about  six  years,  after  which  period  a  new 
painting  is  necessary  for  good  maintenance. 
The  claiins  of  some  manufacturers  greatly 
exceed  this  period. 

The  Bridge  Department  of  New  York 
makes  a  practice  of  '  painting  Brooklyn 
Bridge  about  once  in  three  years  with  one 
good  coat  at  a  cost  of  about  $20,000.  This, 
of  course,  affords  an  opportunity  for  a 
thorough  inspection,  and,  furthermore,  this 
structure  should  be  made  to  last  indefinitely 
if  careful  maintenance  can  do  so.  The 
largest  contemplated  concrete  arch  (that  of 
the  Hendrik  Hudson  Bridge)  has  a  span 
of  only  about  T2-J  feet,  while  the  Brooklyn 
Bridge  center  span  is  l.o95  ft.,  ti  ins.,  so 
that  using  it  for  comparative  purposes  is 
obviously  somewhat  straining  a  point. 
Nevertheless,  its  cost  information  is  of 
great  interest.  In  arriving  at  an  annual 
percentage  cost  for  painting,  there  is  again 
a  certain  amount  of  uncertainty.  However, 
a  rough  approximation  may  be  arrived  at 
from  the  usual  estimates  for  steel  struc- 
tures. The  total  cost  of  a  steel  bridge 
varies  widely  from  year  to  year,  prices  for 
similar  work  at  different  times  W'ithin  the 
writer's  experience  running  from  $70  to 
$105  per  ton.  Of  this  amount,  about  $2.50 
should  cover  the  cost  of  painting  an  aver- 
age railroad  bridge,  while  highway  bridges 
run  somewhat  higher,  due  to  their  rela 
lively  lighter  structural  members. 

It  is  to  be  noted  that  the  first  applica- 
tion costs  relatively  more  for  material  and 
less  for  labor  than  subsequent  ones  are 
likely  to  do.  On  the  whole,  therefore,  it 
may  be  assumed  that  2.5  per  cent  is  a  fair 
original  cost  for  painting,  and  if  the  same 
amount  is  expended  once  in  five  years,  one- 
half  of  one  per  cent  only  is  the  annual  1 1 
cost  of  this  item  of  maintenance.  ' 

One  manufacturer  of  a  special  coating 
gives  a  table  said  to  have  been  compiled 
from  actual  experience,  in  which  the  fol- 
lowing costs  are  given  for  his  special  ma- 
terial : 

Cost  of  paint  per  twti- 
coat  application  per 

Kind   of  Bridge.  Span.     100  lbs.  of  steel. 

Highwav     20  $0.0S 

Highway      40-60  .06 

Highwav      80-300  .03 

Railway      80-300  ,02 

It    is    claimed    for    this    special    material 
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lial    u    ncH     application    iircil    be    applied 
Illy    once    in   ten   yearN      Tliis   inakcN    the 
irrcentagc    cost    of    paint    per    annum    on 
the   basis   of  $85   per   tun   of    steel   as    fol- 
lows : 

per  cent 
Kind  of  brlJcr.  Span,     perunnum. 

Highway     20  1.88 

illKhway      HU-60  1.<1 

iilKliuay      80-300  0.70 

Itallway     80-300  0.47 

CoJlectinR  together  now  the  several 
(Hiints  iliscnssed,  a  recapitulation  will  be 
as  follows  : 

Yearly  costs  of  inspection  should  be 
al)Out  e<iual.  for  the  two  classes  of  struc- 
tures. 

Depreciation  an<l  consequent  sinking 
fund  requirement  for  steel  at  least  •">  per 
cent,  for  concrete  not  to  exceed  -  per 
cent. 

Cost   ol    maintenance  of  timber   if   used; 

For  steel  liijjhway  structure  about  I  per 
cent. 

Foi  steel  railway  structun  about  1  per 
cent. 

Cost  of  maintenance  of  regular  pave- 
ment or  earth  road ; 

Surf.ice   for  concrete  structure   less  than 

I  per  cent. 

Of  regular  ballasted  railway  track  less 
than  1  per  cent. 

Cost  of  painting : 

Steel  railway  structure  less  than  1  per 
cent 

Steel  highway  structure  less  than  2  per 
cent. 

Total  maintenance  costs  aside  from  in- 
terest on  first  cost  for  steel  structure  from 

7  to  11  per  cent,  depending  on  character 
of  bridge  and  kind  of  flooring. 

For  concrete  structure  not  to  exceed  3 
per  cent. 

Excess  of  steel  over  concrete   from  4  to 

8  per  cent. 

This  is  a  rough  average  percentage  fig 
ure.  therefore,  wliich  a  company  or  com- 
munity should  allow  in  the  first  cost  figure 
of  a  concrete  bridge  structure  over  the 
total  cost  of  a  ste«l  structure  for  founda- 
tions and  superstructure  combined,  in  a 
true  competition  between  the  two  classes 
of  bridges.  Of  course  the  interest  charge 
is  to  be  added  in  each  case.  In  other 
words.  3  per  cent  of  the  cost  of  the  con- 
'  rete  structure  should  be  compared  with  T 
'o  11  per  cent  of  the  cost  of  a  competing 
steel  structure,  and  that  type  should  be  se- 
lecte<l  which  will  give  the  lower  result. 

Or,  as  a  special  example,  if  the  lowest 
responsible  bid  for  a  concrete  arch  is  $12,- 
000,  the  yearly  cost  to  the  community  will 
probably  be  1  per  cent  (assunnd  interest 
rharge)  plus  3  per  cent  for  depreciation 
ind  maintenance.  Since  the  yearly  costs 
•or  a  steel   structure  will  amount   to   friim 

I I  to  l.'i  per  cent  total  (4  per  cent  as- 
Mimed  as  above  for  interest)  for  the  steel 
Miperstructurc  and  slightly  less  for  the 
.ibulments.    then    unless    the    steel    briilge 

implete  can  be  erected  for  from  Sti.'MKi 
M  $C,000,  its  maintenance  and  interest 
•  Iiarges  will  be  greater  than  those  of  a 
■oncrete  structure. 


Earth  and  Rock  Section 


Note:    Ihis  Section   is  devoted  to  methods  and  costs  of  excavating  earth  and 

rotk  and  building  embankments.  It  will  cover  the  grading  of  roads  and  rail- 
roads, diking  and  canal  work,  dredging,  building  reservoirs  and  earth  dams, 
.sewer  and   water  pipe  trenching,  quarrying,  eK 


Comments  on  Dump  Wagons. 
(Continued  from  p    1H!»,  Mar.  10.) 

We    contiiuie    our     comments     and     dc 
scription  of  drop  bottom  dump  wagons. 

The  Royal  Dump  Wagon  is  made  by  the 
Smith  &  Sons  Manufacturing  Co..  of  Kan- 
sas City,  Mo.  The  distinguishing  feature 
of  the  Royal  is  the  patented  pivot  gear  in 
the  place  of  the  fifth  wheel.  This  pivot 
gear  allows  perfect  freedom  of  movement 
in  going  over  rocks  or  rough  ground,  or 
dropping  into  holes,  doing  away  with  any 
strain  on  the  bed  of. the  wagon.  The  tongue 
is  a  drop  tongiie  held  up  to  the  front  of 
I  lie  wagon  body  by  a  chain  and  double 
spring.  The  pole  arranged  for  two  horses 
can  be  changed  easily  for  a  three  way  hitch 
liy  adding  a  patented  three-horse  equalizer 
and  a  short  tongue,  the  regular  tongue  be- 
ing moved  to  one  side  of  the  center  of  the 
wagon. 

The  chains  useil  in  dimiping  and  wind- 
ing up  the  doors  run  along  the  side  of  the 
bed  .ind  through  the  box.  The  doors  are 
made  of  wood.  On  the  back  of  the  wag- 
on there  is  an  eye  bolt  fastened  through 
the  piece  of  timber,  that  reinforces  the  rear 
axle,  that  is  useful  in  trailing  wagons 
when  moving  camp,  or  can  be  used  in  pull- 
ing the  wagon  backwards  when  necessary. 
The  Royal  has  a  patented  brake  that  is 
said  to  be  very  efficient.  The  brake  rods 
liave  turnbuckles  that  can  be  screwed  up, 
keeping  the  shoes  against  the  wheels.  The 
lieight  of  the  top  of  tlic  box  above  the 
groimd  is  4  ft.  ■>  in.  The  wagons  arc  made 
of  I^  and  2  en.  yd.  capacity.  The  smaller 
wagon  weighs  1. 120  lbs.  and  the  other  one 
1.800  lbs.  For  a  three  way  hitch  50  lbs. 
is  added  to  these  weights.  The  wagons 
arc  warranted  to  carry  a  load  of  about 
ti.OOO  lbs. 

The  Michigan  Dump  Wagon  is  made  bv 
the  Michigan  Wagon  &•  Manufacturing 
Co..  of  St.  Jolins,  Michigan  Tlie  distin- 
guishing feature  of  the  Michigan  wagon  is 
the  forged  steel  hinges  and  the  loops  that 
are  attached  to  the  box.  The  forgings 
make  a  strong  hinge  and  give  free  play  to 
the  doors  when  they  are  open.  The  doors 
are  made  of  flanged  steel,  each  end  and  the 
outer  edges  are  flanged  I  in.  deep, 
these  edges  coming  up  against  the  au'jle 
iron  on  the  under  side  of  the  box.  making 
the  bottom  sand  tight,  in  connection  with 
the  doors  overlapping.  The  chains  holding 
the  doors  run  under  the  wagon  and  when 
the  doors  are  closed  the  chains  are  at  right 
angles  to  them,  which  assures  holding 
them  in  position.  The  load  is  dumpe<l  by 
a  lever  worked  by  the  driver's  foot,  while 
the   hand    lever    for   closing    the    iloors   is 


'.worked  by  pulling  the  lever  upwards,  which 
is  said  to  be  easier  for  the  driver  than  one 
working  downwards. 

The  wheel  base  on  the  Michigan  is  8 
ft.  9  ins.  The  axles  are  said  to  lie  from 
fi  to  14  in.  shorter  than  most  other  wagons. 
The  axles  are  made  of  steel.  The  fifth 
wheel  is  a  large  circle,  but  it  has  tilt  enough 
to  allow  one  wheel  to  drop  into  a  rut  and 
adjust  itself  without  .springing  the  box. 
or  upsetting  the  wagon.  The  body  is  well 
ironed  to  the  running  gear  and  these  irons 
in  front  run  into  and  fomi  part  of  the 
neck.  The  neck  has  two  angle  irons  bolted 
back  to  back  in  addition  to  the  birch  sides. 

The  Michigan  wagons  are  built  in  vari- 
ous sizes,  running  iroin  1%  to  .5  cii.  yds. 
capacity.     The  tongue  used  is  a  stiff  one. 

The  Oil  City  dump  wagon  is  manufac- 
tured by  the  Kramer  Wagon  Co..  of  Oil 
City.  Pa.  This  company  have  been  manu- 
facturing wagons  for  .  all  purposes  for 
about  50  years,  and  have  been  building  a 
dump  wagon  for  several  years,  but  they 
have  only  recently  perfected  their  present 
type  and  style  of  dump  wagon,  that  they 
believe  to  be  one  of  the  best  on  the  inarkct. 

The  wagon  is  simple  in  construction,  yet 
efficient  in  its  work.  There  are  no  chains 
on  the  sides,  the  chains  operating  the 
doors  going  under  the  wagon.  The  doors 
arc  of  wood,  heavily  bound  with  iron.  The 
hinges  are  long  strap  ones.  The  neck  has 
angle  irons  running  under  the  bottom  and 
is  reinforced  witli  plates.  The  winding  de- 
vice is  close  against  the  dump  box  and  is 
worked  by  a  lever. 

.-\  stiff  pole  tongue  is  used.  The  wag- 
ons are  made  in  several  sizes.  The  trade 
mark  of  the  Kramer  Co.  is  a  wagon  wheel 
with  the  words  "Kramer  for  Kwality"  on  it. 

The  Streich  dmup  wagon  is  built  by  the 
.\  Streich  &  Rro.  Co..  of  Oshkosh.  Wis, 
The  distinguishing  feature  of  the  wagon  is 
the  patent  draft  attachment  which  draws 
directly  from  the  axle.  The  evcncrs  are 
suspended  by  hangers  and  work  automatic- 
ally so  both  horses  must  pidl  their  share 
of  the  load  at  all  times,  even  though  one 
horse  lags  behind.  This  attachment  does 
away  entirely  with  the  whipping  of  the  pole 
when  going  orer  rough  roads  and  reduces 
the  draft  of  the  wagon,  so  it  is  stated,  30 
per  cent.  When  one  wheel  gets  into  a  rut 
the  evcncr  shifts  over  automatically  and 
both  horses  pull  from  this  point  until  the 
obstruction  is  overcome. 

The  chain  operating  the  doors  runs  un- 
der the  wagon  the  entire  length  of  the  box 
The  pull  on  the  chain  is  positive.  The 
wagon  is  dumped  by  a  foot  lever  and  the 
doors  are  raised  by  a  hand  lever.  The 
doors  have  an   equalizing  device  on   them. 
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that  raises  (Uie  door  in  advance  of  the  oth- 
er, until  tlie  linal  pull  comes,  when  both 
chains  are  perfectly  rigid  and  both  have 
an  equal  carrying  strain.  The  bottoms  are 
said  to  be  sand  tight.  For  street  work  or 
grading,  the  wagon  is  said  to  be  so  con- 
structed that  the  doors  may  be  but  partly 
opened,  so  that  the  contents  of  the  load  can 
be  spread  or  scattered.  M  the  fifth  wheel 
there  is  a  patent  rocker  plate  which  admits 
of  one  wheel  being  raised  over  a  foot  or 
dropping  into  a  hole  the  same  distance 
without  binding  the  plates.  The  dump 
boxes  are  built  of  Wisconsin  white  oak. 
The  wagons  are  built  in  6  dififerent  sizes, 
they  being  \Vz,  2,  2y2',  3,  3%  and  4  cu.  yds. 
capacity.  The  2  cu.  yd.  capacity  wagon 
weighs  2,000  lbs. 

The  "Little  Red  Wagon"  is  manufac- 
tured by  T.  F.  Stroud  &  Co.,  of  Omaha, 
Neb.  .'\s  its  name  denotes,  its  bright  red 
color  is  its  distinguishing  feature.  The 
chains  working  the  doors  run  through  the 
dump  box.  One  lever  loosens  the  chains 
and  another  winds  them  up.  The  doors 
are  made  of  wood.  The  hinges  being 
straps  working  on  a  rod.  The  neck  of  the 
wagon  is  bound  on  the  lower  edge  with  a 
heavy  piece  of  iron.  The  wagon  has  a 
large  circle  for  the  fifth  wheel. 

This  wagon  is  especially  designed  and 
built  for  use  under  an  elevating  grader  for 
earth  work.  A  larger  wagon  is  manufac- 
tured for  hauling  stone  and  asphalt  and 
for  other  heavy  work. 

The  Crossland  dump  wagon  is  built  by 
the  S.  Crossland  Carriage  &  Wagon  Co., 
of  New  Haven,  Pa.  The  distinguishing 
feature  of  this  wagon  is  that  the  body  is 
all  steel.  Indeed  but  little  wood  is  used 
throughout,  in  building  the  wagon.  This 
steel  body  is  said  to  weigh  less  than  a  light 
wooden  wagon  and  is  stronger  than  one 
much  heavier.  The  box  being  sheet  steel 
is  said  to  be  practically  indestructible.  The 
doors  are  made  to  either  run  across  the 
wagon  or  long  ways.  They  are  wound  up 
by  means  of  chains  on  the  sides  of  the 
wagon,  and  without  levers  or  ratchets. 

The  tongue  sets  high,  there  being  a  bol- 
ster on  the  front  axle.  The  wheel  base  is 
very  short,  being  only  7  ft.  6  ins.  The 
wagon  is  of  1%  cu.  yd.  capacity  and  weighs 
1,800  lbs.  Three  of  these  wagons  were 
used  in  wagon  road  construction  during 
the  past  season,  lasting  6  months,  and  with 
the  expenditure  of  less  than  $5.00  per  wag- 
on, they  were  put  in  perfect  shape  for  the 
coming  season. 

The  Van  Wagenen  dump  wagon  is  man- 
ufactured by  the  Eagle  Wagon  Works,  of 
Auburn,  N.  Y.  The  distinguishing  feature 
of  this  is  the  single  chain  that  operates  the 
doors.  The  chain  goes  under  the  body  and 
through  a  pulley  on  the  rear.  The  winding 
arbor  is  close  up  to  the  wagon  body  in 
front,  but  the  neck  of  the  wagon  is  not 
weakened  by  having  a  hole  cut  through  as 
the  arbor  is  supported  by  irons  on  the 
sides  of  the  neck.     The  load  is  tipped  by  a 


foot  brake  and  the  doors  are  wound  up 
by  a   lever. 

The  wagon  body  is  put  together  by  the 
side  boards  of  the  box  being  grooved  and 
the  end  boards  are  fitted  into  these 
grooves,  and  irons  running  through 
grooves  in  the  end  boards  act  as  further  re- 
inforcement. The  neck  is  lined  on  the 
■inside  with  steel  plates,  while  heavy  sup- 
porting iron  is  on  the  outside.  The  wagon 
is  built  in  two  sizes,  1%  and  2  cu.  yd.  ca- 
pacity. These  wagons  weigh  about  1,600 
lbs.  The  1%  cu.  yd.  wagon  is  4  ft.  10  in. 
high  from  the  ground  to  the  top  of  the 
box,  while  the  2  cu.  yd.  wagon  is  5  ft.  2  in. 
The  axles  are  steel.  The  tongue  is  fur- 
nished as  either  a  drop  or  stiff  pole. 

The  Eagle  Co.  also  make  a  dump  wagon 
with  an  all-steel  body.  The  steel  body  is 
20  in.  high  and  has  a  6  in.  wood  top  box. 
The  dumping  device  is  the  same  as  on  the 
wooden  wagon.  These  steel  bodies  are 
strengthened  with  angle  irons  wherever 
needed.  These  steel  wagons  are  made  in 
7  sizes,  varying  from  1%  cu.  yds.  to  3  cu. 
yds.  Steel  wagons  will  no  doubt  be  used 
more  and  more  as  they  become  better 
known. 

The  Tiffin  dump  wagon  is  manufactured 
by  the  Tiffin  Wagon  Co..  of  Tiffin.  Ohio. 
The  distinguishing  feature  of  the  Tiffin  is 
tl;e  two-gear  wheels  on  each  side  and  the 
long  rods  that  connects  them.  The  levers 
for  working  the  device  are  on  the  outside 
of  the  wagon.  One  dumps  the  load  and  the 
other  winds  un  the  doors ;  an  arbor  at  each 
end  holds  the  chains,  around  which  they 
wuid.  The  chains  do  not  pass  under  the 
doors.  The  doors  are  made  either  of  wood 
or  steel,  as  the  purchaser  may  desire.  Both 
kinds  of  doors  overlap  to  prevent  leaking. 
The  doors  each  have  four  hinges. 

The  body  of  the  wagon  is  built  of  clear 
white  oak.  The  neck  is  covered  with  a 
solid  sheet  of  steel,  well  bolted  in  place. 
The  axles  are  made  of  steel.  These  wag- 
ons are  built  in  four  sizes,  namely  1%,  2, 
2%  and  3  cu.  yd.  capacity.  The  smallest 
wagon  weighs  1,900  lbs. ;  will  carry  a  load 
of  5,000  lbs.;  has  a  wheel  liase  of  9  ft.  3 
ins.,  and  the  top  of  the  box  is  4  ft.  10  in. 
.ibove  the  ground.  The  2  cu.  yd.  wagon 
weighs  2,100  lbs. :  has  a  carrying  capacity 
of  8.000  lbs.;  a  wheel  base  of  0  ft.  3  ins., 
and  a  height  of  5  tt.  4  ms. 

The  Climax  .\utomatic  distributing  wag- 
on is  manufactured  by  the  Climax  Road 
Machine  Co.,  of  Marathon.  N.  Y.  This 
wagon  meant  for  distributing  crushed 
stone  is  a  bottom  dump  wagon,  the  doors 
opening  across  the  wagon  instead  of  long- 
ways. A  winding  gear  controls  the  doors, 
by  means  of  which  the  doors  can  be  opened 
to  any  width,  thus  evenly  distributing  the 
material  to  any  desired  thickness.  The 
wagon  will  also  discharge  the  load  in  one 
place.  The  rear  wheels  overlap  the  front, 
thus  acting  as  a  roller,  and  making  it  pos- 
sible to  use  the  wagon  on  an  unfinished 
road  without  damaging  the  road.  The 
front  wheels  are  pivoted  forward  so  that 
the    wheels   mav   run   over    an    obstruction 


twelve  inches  high  without  turning  the  box 
out  of  level.  The  pole  is  supported  by  a 
spring,  taking  all  weight  off  the  horses' 
necks. 

The  Acme  dumping  wagon  is  manufac- 
tured by  the  Acme  Road  Machinery  Co., 
of  Frankfort,  N.  Y.  The  dumping  is  simple 
and  not  liable  to  get  out  of  order,  and  the 
endless  chain  used  is  entirely  outside  the 
liox  so  as  not  to  interfere  witli  the  dump- 
ing of  the  load.  It  has  a  bottom  of  two 
steel  doors,  each  reinforced  with  a  truss 
rod.  The  doors  are  hinged  securely  to  the 
outside  of  the  body,  making  a  strong  bot- 
tom that  will  not  swell  or  shrink,  but  will 
close  tightly  at  all  times.  The  necks  are 
reinforced  with  steel.  The  wagons  are 
built  to  hold.1%,  2  and  2%  cu.  yds.  The 
small  size  weighs  about  1,600  lbs. 
■  The  Haywood  dump  wagon  is  manu- 
factured by  the  Haywood  Wagon  Co.,  of 
Baldwinsville.  N.  Y.  Formerly  this  wagon 
had  an  endless  chain  that  controlled  the 
doors,  but  on  their  new  model  the  chain 
instead  of  running  along  the  side  of  the 
wagon  body,  now  runs  under  the  body,  be- 
ing attached  to  and  under  the  doors.  It  is 
claimed  that  the  chains  running  through  a 
center  bracket  on  the  door,  thus  forms  ;i 
truss,  preventing  the  doors  from  sagging 
The  load  is  dumped  by  a  foot  lever  and 
the  doors  are  wound  up  by  a  hand  lever. 
The  advantage  of  a  foot  lever  to  trip  the 
load  is  that  just  at  the  critical  moment  of 
placing,  the  load,  where  it  is  wanted  on  the 
dump,  the  driver  has  both  hands  free  to 
drive  and  guide  his  horses,  while  when  a 
hand  lever  is  used,  one  hand  must  be  em 
ployed  to  dump  the   load. 

The  wagon  bodies  are  made  of  oak,  all 
joints  being  tongued  and  grooved.  The 
irons  are  made  of  soft  steel.  The  doors 
are  made  of  steel  and  are  flanged  up  at 
the  sides,  which  in  connection  with  the  lap 
of  the  doors  at  the  center,  makes  them  sand 
tight.  The  neck  of  the  wagon  is  rein- 
forced on  the  outside  by  a.  heavy  steel  forg- 
ing, while  the  whole  inside  of  the  neck  is 
covered  with  No.  10  sheet  steel  firmly  riv- 
eted and  bolted  through. 

The  axles  are  steel,  all  bedded  in  wood 
The  front  coupling  is  built  to  be  driven 
over  rough  roads  or  groinid.  Haywood 
wagons  are  built  in  sizes  from  1  to  7  cu. 
yds.  capacity.  Their  weights  vary  from 
1,1)00  to  2,200  lbs. 

In  addition  to  the  wooden  wagons,  the 
Haywood  Co.  made  a  bottom  dump  wagon 
with  small  steel  body.  Its  design  is  the 
same  as  the  wooden  wagon  and  it  has  ii 
similar  dumping  device.  This  compan\ 
also  has  a  stone  spreading  wagon.  Thi^ 
too,  is  a  bottom  dump.  The  body  of  the 
wagon  is  built  in  the  shape  of  a  liopper, 
and  a  single  gate  or  door  closes  it.  The 
wagon  spreads  any  dry  material' uniformly 
when  the  team  moves  at  a  uniform  rate  of 
speed.  The  door  having  a  flange  on  the 
side  prevents  any  of  the  material  running 
out  at  the  sides,  thus  getting  under  the 
wheels.  It  can  also  be  used  for  a  regu- 
lar dump  wagon.     It  is  made  in  4  sizes.  1. 
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m^     .'   anil    iSi  cu.   yds.     capacity.     Thr 
wciKl't*   nin   from   1.4'M»  to   1.7'H»  !bs 

Tlic  C'lhiiiibian  tliinip  watj""  is  nianii- 
lacturod  by  the-  Columbia  WaRO"  Co..  of 
Columbia.  Pa.  The  ilisliiiRuishini!  fcaturi- 
of  this  wagon  is  the  hiKh  hiiiRes  on  the 
side*  of  the  wagons,  which  give  free  play 
to  the  .lo.ini.  The  chains  reRiilating  the 
doors  nin  under  the  dump  box  and  wiml 
ar.i.tnd  an  arbor  in  front  of  the  wagon 
Om  Uvir  lKith  dumps  and  winds  up  tlie 
,|o«irs,  but  this  lever  has  a  foot  rest  on  it 
that  can  be  used  to  dump  the  loail  The 
winding  drum  or  arbor  is  placed  in  front 
of  ibc  neck,  which  prevents  the  hole  cut 
•  !ir  >  ■•  '  '.he  <ide  from  weakening  the  neck. 
111.  I.  14  c  of  the  wagon  sits  hiiih  as  there 
is  an  arched  bolster  over  the  a.xUs.  .^ 
large  circle  is  used  as  a  lifth  wheel.  The 
wagon  is   well  ironed  throughout 

The  Symons  dump  wagon  is  manufac- 
tured by  the  T.  L.  Smith  Co.,  Old  Colony 
Bldg.  Chicago.  The  distinguishing  fea- 
ture of  this  wagon  is  the  doors  and  the 
hinge  on  the  rear  door.  The  doors  mstead 
of  opening  longitudinally  with  the  bed, 
open  across  the  wagon.  The  rear  door  is 
divided  into  two  sections  and  has  a  large 
goose-necked  shaped  hinge.  When  the  door 
is  open  to  dump  the  load  the  back  part 
swings  welt  behind  the  wagon.  The  chains, 
to  pull  the  doors  back  into  a  closed  posi- 
tion, arc  on  the  sides  of  the  wagon  and  as 
they  are  wound  up  the  pidl  is  almost  a  di- 
rect one,  and  that  together  with  the  for- 
ward movement  of  the  wagon  scrapes  oflf 
the  top  of  the  dumped  load,  thus  partially 
spreading  the  material  as  it  is  dumped. 
Thi-  together  with  the  proper  spacing  of 
the  loads  would  make  a  rough  spread  of 
the  material.  The  method  of  swinging 
the  doors  prevent  them  from  stalling  the 
team.  The  depth  of  the  wagon  body  al- 
lows of  the  wagon  being  short  coupled. 

The  load  is  dumped  by  means  of  a  foot 
trip,  and  the  doors  arc  wound  up  by 
means  of  a  lever.  The  neck  of  the  wagon 
is  strengthened  by  a  heavy  iron.  The  wag- 
on has  a  large  circle  for  a  fifth  wheel. 


Ihe  Government  of  the  Philippine 
Island-  has  organized  a  "Bureau  of  Pub- 
lic Works"  and  in  this  bureau  a  Division 
of  Irrigation.  .\n  annual  appropriation  of 
T.Vi.iHHi  pesos  is  provided  for  the  surveys, 
plans  and  construction  of  irrigation  works, 
and  surveys  are  now  in  progress.  The 
(kivernor  of  the  Islands  Ii.ts  applied  for 
the  services  of  a  consulting  engineer  from 
the  Reclamation  Service,  and  an  effort 
will  be  made  to  detail  a  competent  en- 
gineer from  that  Service  at  the  proper 
lime,  at  the  expense  of  the  Philippine 
Islands. 


I  111  production  of  pig  iron  in  Germany 
( including  the  Grand  Duchy  of  Luxem- 
liourg)  last  year  aggregated  ILPlS.-Ml 
Ions  (at  2.201  F.nglish  piiiuids>,  against 
i:l.m.'>,7riO  tons  produced   in    lOOT 


Method   of    Operating   a    Churn  Drill 
for  Prospecting. 

In  a  recent  i>siie  ..i  I  lu  ■Mining  World" 
Mr.  Doss  Brillain  in  an  article  on  prospect 
drilling  in  the  Joplin  district,  describes  in 
detail  the  method  of  operating  the  drills 
in  that  class  of  work.  For  putting  down 
blast  holes  the  same  methods  are  used  so 
we  give  the  following  extracts  from  that 
article. 

These  drills  arc  moved  from  place  to 
place  by  their  own  traction,  the  excellent 
macadam  roads  of  the  district  making  the 
removal  a  matter  of  but  little  difliculty. 
Under  very  favorable  circumstance-  a  drill 
of  good  traction  can  easily  make  lour  to 
five  miles  per  hour. 

.•\ftcr  the  location  of  the  hole  is  deter- 
mined the  machine  is  leveled  up  with  jack- 
screws  and  blocks.  Longitudinally  the  drill 
should  be  level  as,  if  the  drive  wheels  are 
too  high,  severe  strains  may  be  set  up  in 
the  frame;  if  too  low,  the  drill  bit  will  hang 
too  close  to  the  frame,  the  drive  clamps 
will  strike  the  derrick  and  other  inconven- 
ience be  caused.  Laterally,  great  care 
should  be  used  to  have  the  drill  level,  as  a 
slight  departure  may  cause  trouble  with  the 
sand  line  friction,  causing  it  to  catch  un- 
expectedly, or  to  fail  in  operation.  On  ac- 
count of  derangement  of  the  derrick  and 
frame  it  is  sometimes  necessary  to  in- 
cline the  drill  from  the  perpendicular,  for 
it  to  work  properly.  laterally  the  drill 
may  be  leveled  on  the  spirit  level  placed 
on  a  wooden  cross  piece,  between  the  boiler 
and  engine,  or  on  a  shaft.  Longitudinally 
it  is  leveled  by  using  the  drill  cable  as  a 
plumb   line. 

Leveling  is  accomplished  by  blocking  the 
\ipper  of  the  drive  wheels  securely,  and 
raising  the  lower  in  the  same  manner  as 
if  stuck  in  the  mud,  two  blocks  being  used 
10  scotch  it  thoroughly.  .Ml  blocking  and 
cabling  should  be  given  enough  rigidity  to 
resist  vibration  when  the  drill  is  in  opera- 
tion. The  derrick  end  is  put  in  position  by 
the  use  of  16-in.  jack-screws,  footed  over 
boards.  2x10x14  ins.  on  each  of  which  rest 
the  ends  of  another  2x10  in.  x  '>  ft.  Be- 
tween the  comers  of  the  frame  and  jack- 
heads,  boards  are  placed.  The  jacks  are 
then  screwed  up  until  the  drill  is  level,  and 
they  take  all  the  weight.  On  some  drills 
devices  are  provided  for  locking  the  frame 
10  the  axle,  so  as  to  lake  the  strain  off  the 
king  boll.  Blocks  are  sometimes  used  be- 
tween Ihe  bolster  and  axle  for  the  same 
purpo.se.  Two  men  are  employed  in  the 
operation  of  a  prospect  drill,  inchiding  the 
drill  man  and  his  helper. 

The  spud  consists  of  a  cylindrical  tool 
fitting  over  the  rope  and  around  the  bit. 
It  is  used  by  being  let  drop  heavily  upon 
any  boulders  that  may  wedge  the  bit  in  the 
hole.  The  rocks  are  crushed  and  the  bit 
loosened.  The  jar  bumper  is  let  down 
heavily  to  loosen  the  jaws  if  they  jccomc 
fastened.  The  rope  spear  consists  of  a 
sharp  instrument  let  down  with  force 
upon  the  rope,  if  it  breaks  and  drops  into 


t!ie  hole.  It  is  screwed  to  the  stem  and 
the  impact  causes  the  barb  to  pierce  the 
rope  thus  making  it  possible  to  raise  the 
siring  of  tools.  The  skip  socket  consists 
of  a  hollow  tool  fitted  with  teeth  and 
capable  of  dropping  over  the  end  of  the 
fastened   stem,   frequently   dislodging  it 

The  drill  bit  should  not  be  allowed  to  be- 
come dull,  but  kept  sharp  and  in  good  con- 
dition. The  cutting  edge  of  the  bit  is  a 
straight  line,  at  right  angles  to  the  middle 
line  of  the  bit.  Considerable  experience  is 
required  to  sharpen  and  temper  drill  bits 
properly.  The  process  requires  about  one 
hour. 

The  sand  pump  is  generally  free  from 
trouble,  but  a  number  of  foot  valves  on 
hand  will  often  be  found  of  service.  Wear 
occurs  at  the  bail  and  where  the  valve 
comes  in  contact  with  the  valve  seat.  If 
leakage  at  the  valve  occurs  from  other 
obstructions  between  the  valve  and  valve 
seat,  the  old  valve  should  be  replaced  with 
a  new.  Leakage  in  old  pumps  sometimes 
occurs  at  tlie  rivets.  By  watching  the  pump 
as  it  ascends,  leakage  can  be  determined 
If  it  is  not  full,  it  should  be  lowered  with 
a  rush,  and  if  the  leakage  continues;  the 
obstruction,  if  this  is  the  cause  of  the  leak- 
age, should  be  knocked  out  after  the  pump 
has  been  emptied. 

If  the  sand  pump  becomes  fastened  by  a 
pebble  dropping  in  and  a  hard  jerk  with  the 
sand  line  does  not  loosen  it,  the  sand  line 
may  be  attached  to  the  drilling  cable,  and 
the  pump  removed  with  the  cable  drum. 
The  force  should  be  exerted  gradu- 
ally, as  a  sudden  jerk  may  break  the 
sand  line,  or  the  handle  of  the  pump. 
Should  this  occur  the  pump  must  be  recov- 
ered by  fishing  or  drilled  to  pieces  in  the 
bottom  of  the  hole.  Rather  than  resort  to 
the  latter  ahcrnative  it  is  sometimes  prefer- 
able to  start  a  new  hole  if  the  first  has 
not  progressed  very  far. 

In  pumping  red  clay  or  other  sticky  ma- 
terial, considerable  vacuum  must  sometimes 
be  overcome.  Skin  friction  results  from 
fine  homogeneous  material  rising  between 
llie  sides  of  the  pump  and  the  rock  walls 
or  casing.  This  can  usually  be  overcome 
with  a  vigorous  pull  amounting  sometimes 
to  as  much  as  1,000  lbs. 

In  order  to  prevent  as  far  as  possible  the 
loss  of  tools  and  inaccuracies  in  the  results 
of  the  drilling,  the  hole  is  "cased."  But 
for  this  precaution  pebbles  and  boulders 
from  soft  layers  fall  into  the  hole  and 
wedge  the  bits  so  it  is  dilTicult  or  im- 
possible to  dislodge  it.  The  casing  of  the 
hole  also  forms  a  safeguard  against  pieces 
of  ore  falling  in  from  the  top  of  the  ground 
or  from  the  side  of  a  pocket  of  an  upper 
stratum  of  ore,  through  which  the  drill 
has  already  passed,  and  which  has 
been  pulverized  by  the  bit.  In  drill 
ing  blast  holes,  casing  is  seldom  used 
and  when  it  is  it  is  drawn  out  before 
the  blast  is  made  The  cuttings  brought  up 
in  the  sand  pump,  when  casing  is  not  used, 
might  show  ore  at  certain  depths  when  in 
reality  there  might  be  none  at  these  depths. 
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A  small  piece  of  ore  falling  in  from  above 
is  sufficient  to  "salt"  the  hole  for  several 
feet.  An  accident  of  this  kind  might  indi- 
cate a  very  rich  deposit  of  ore,  15  or  20  ft. 
thick,  and  cause  the  expenditure  of  $4,000 
to  $7,000  sinking  a  shaft,  when  in  reality 
the  ground  may  be  barren.  Too  great  care 
cannot  be  ,  zeroised  to  keep  the  drill  hole 
free. 

While  the  hole  is  being  drilled- a  piece  of 
steel  casing  or  heavy  tube  that  has  the  same 
inside  diameter  as  the  hole  cut  by  the  drill 
is  driven  to  the  bottom  of  the  hole,  and  the 
drill  again  set  to  work.  After  a  time  an- 
other joint  is  screwed  to  the  first,  and  the 
whole  driven  to  the  bottom.  The  process  is 
continued  until  solid  rock  is  struck,  when 
the  diameter  of  the  hole  is  reduced. 

Should  an  unsuspected  stratum  of  soft 
ground  be  encounteied  below  a  layer  of 
hard  rock,  the  casing  is  drawn  and  the  hole 
"reamed."  enlarged,  with  the  big  bit  and  the 
large  casing  driven  down  to  solid  ground. 
The  casing  is  drawn  by  "frictioning  in  the 
bit,"  which  is  done  by  throwing  cinders 
about  it  until  it  is  thoroughly  fastened  in 
the  casing.  When  the  bit  is  drawn  it  brings 
the  casing  with  it.  If  the  casing  cannot  be 
drawn  by  ordinary  methods  a  charge  of  dy- 
namite is  sometimes  used  to  blow  it  loose. 

After  the  large  casing  has  been  driven 
down  to  hard  ground,  the  hole  is  continued 
with  smaller  bits  until  it  is  of  the  re- 
quired depth.  When  the  hole  is  completed, 
it  is  marked  by  leaving  a  piece  of  casing 
extending  a  foot  or  two  above  the  ground 
or  by  a  stake.  More  commonly  it  is 
marked  by  the  pile  of  cinders  from  the 
engine,  and  the  cuttings  of  the  drill.  The 
hole  is  then  numbered  and  its  recor<l  kept 
for    future  reference. 


The  Method  of  Pumping  and  the  Cost 

of  Sinking  a  Wet  Shaft  at 

Tombstone." 

By  Elton  W.  W.\lker. 
In  sinking  the  main  pumping  shaft  of  the 
Tombstone  Consolidated  Mines  Co.,  there 
was  struck  what  is  probably  one  of  the 
largest  continual  flows  of  water  ever  dealt 
with  in  the  history  of  shaft-sinking.  Pump- 
ing from  this  shaft  was  started  in  Janu- 
ary, 1902,  and  has  been  practically  continu- 
ous ever  since.  From  the  beginning  2,550 
gal.  per  min.  has  been  pumped.  During 
the  past  year  the  average  pumped  has  been 
approximately  3,400  gal.  per  min.  Water 
was  first  entered  at  a  depth  of  570  ft.  be- 
low the  collar  of  the  shaft,  and  the  mines 


Two  opinions  of  importance  to  the  Xew 
York  State  barge  canal  work  have  been 
rendered  by  State  .\ttorney  General  (J'Mal- 
ley.  In  one  he  holds  that  the  state  can 
legally  enter  into  a  contract  on  the  barge 
canal  to  divide  the  work  contracted  for 
into  sections  of  one  mile  each  and  tn  au- 
thorize the  contractor  on  tlie  completion  of 
each  separate  mile  to  turn  it  over  to  the 
state  and  be  released  from  the  necessity 
of  maintaining  it.  This  opinion  affects  the 
awarding  of  contract  No.  20,  providing  for 
the  dredging  of  the  Mohawk  River,  for 
which  bids  were  asked  four  times  without 
securing  a  contractor  who  would  agree  to 
do  the  work  within  the  state  engineers'  esti- 
mate, which  was  about  $4,000,000,  owing, 
it  is  claimed,  to  the  uncertainty  attached 
to  the  cost  of  maintaining  the  work  after 
its  completion.  The  other  opinion  holds 
that  the  state  may  abandon  and  dispose  of 
such  land  as  has  been  appropriated  for  the 
barge  canal  and  which  is  not  actually 
needed. 


pine — and  consists  of  four  compartments. 
Two  compartments,  5  ft.  9  in.x7  ft.  were 
used  for  the  sinking-pumps,  piping,  etc., 
and  the  remaining  two  compartments.  4x7 
ft.,  were  used  for  hoisting  purposes.  In 
the  end  pump-compartment  a  small  cage 
24  in.  wide  was  used  for  the  convenience 
of  the  pump-men  in  handling  the  sinking- 
pumps,  pipes,  etc.  This  narrow  width  of 
cage  was  necessary  in  order  that  it  might 
pass  between  the  discharge-pipes  of  the 
sinking-pumps  and  be  lowered  close  to 
them.  The  remaining  pump-compartment, 
in  addition  to  carrying  two  such  pumps  at 
the  bottom  of  the  shaft,  contained  the 
main  discharge-columns  from  the  station- 
pumps  as  well  as  the  steam  and  air-pipes. 
The   inner  hoisting-compartment   was   used 


The  headings  of  the  last  of  the  Mc- 
Adoo  tunnels  under  the  Hudson  River  be- 
tween Manhattan  and  New  Jersey  were 
connected   on   March    II. 
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Fig.  1 — Showing  Timbering,  Arrangem 

of  the  company  have  now  been  drained  to 
a  depth  of  837  ft.,  so  that  development  is 
now  in  progress  at  a  depth  of  1.000  feet. 

While  the  amount  given  above  repre- 
sents the  total  water  pumped  from  the 
shaft,  a  portion  of  it  entered  at  the  levels, 
but  it  is  safe  to  say  that  the  shaft  has  been 
sunk  against  a  continuous  flow  of  from 
2.200  to  2,400  gal.  per  min.  .Vt  times  this 
amount  has  Ijeen  exceeded,  rcnderini;  it 
necessary  to  provide  one  or  two  extra 
sinking-pumps  in  addition  to  the  regular 
cf|uipment,  which  consists  of  four. 

The  shaft  measures  8  ft.  10  in.x23  ft.  8 
in.    outside    of    timbers — 1^x10   in.    Oregon 


'Reprinted  from  the  "Mining  and  Scientitic 
Press." 


ent  of  Pumps,  etc..  at  Shaft  Bottom. 

in  sinking  the  shaft  and  the  remaining 
compartment  for  hoisting  from  tlie  work- 
ing levels  above.  Sinking  was  done  with 
a  cage  and  car,  running  on  removable 
guides  extending  below  the  timbers.  In 
Fig.  1  is  shown  the  elevation  of  the  bot- 
tom of  the  shaft,  together  with  sinking- 
pumps,  bulkheads  and  accessories. 

The  pumps  used  wliilc  sinking  were  of 
the  duplex  type.  14,x8xl2  in.,  having  8-in. 
suction  and  (i-in.  discharge,  and  were  made 
by  the  Fred  M.  Prescott  Steam  Pump  Co. 
These  pumps  have  a  rated  capacity  of  (500 
gal.  per  minute  under  a  2-JO-ft.  head,  and 
gave  excellent  satisfaction  at  all  times, 
suffering  little  or  no  damage  from  blasting: 
in  fact,  a  couple  of  these  pumps  remained 
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III  cuiiiinual  upcration  at  llic  bottom  of 
the  shaft  tor  several  years  without  beiiiK 
liroiiKht  tu  the  surface  for  ovcrhauhiiK 
As  there  was  always  the  possibility  of  their 
Iwinn  ilrowncci— as  occurred  in  a  couple  of 
instances — all  nuts  that  might  becoiiie 
loose,  and  so  put  the  pumps  out  of  com- 
mission, were  provided  with  cotter  pins 
in  order  that  the  pumps  miKlit  be  kept  in 
operation  even  if  submerged.  In  one  in 
stance,  after  the  pumps  had  been  drowned 
and  were  covcreil  with  Oil  fi.  of  water, 
when  steam  was  admitted  tliey  started  up 
after  a  short   interval  of  warming. 

The  pumps  were  handled  with  5-toii  du- 
plex chain-blocks,  hung  on  steel  rails,  whicli 
rested  on  the  timber  sets  .ibt)vc  the  pumps. 
When  the  pumps  are  in  position  the  chain- 
lilmks  are  tightened  and  support  most  of 
the  weight  of  the  pumps.  The  pumps  are 
held  to  the  side  of  the  compartment  by 
small  jack-screws  placed  between  the 
water  chest  and  the  opposite  side  of  the 
compartment.  The  jacks  were  fastened  to 
the  pumps  by  a  piece  of  rope  so  that  there 
wciuhl  he  no  danger  of  dropping  the  jack 
into  the  sump  if  it  should  become  loosened. 


t'lrst  loosened  to  allow  the  pump  to  swing 
free  of  the  timbers,  when  it  is  lowered  .") 
ft.  with  the  chain-blocks  and  hung  on  ihe 
limbers.  The  expansion- joints,  which  have 
a  moveiiieiit  of  o  ft.,  are  then  pulled  out 
and  the  pipes  connected.  At  the  second 
lowering  the  pumps  are  dropped  the  same 
distance,  and  the  expansion-joints  are 
closed  together,  allowing  a  10- ft.  section  of 
pipe  to  be  put  in  place.  The  third  lowering 
is  done  witJi  the  expansion-joints  as  at 
first.  At  the  fourth  lowering  the  10-ft. 
section  of  pipe  is  removed  and  a  perma- 
nent 20- ft.  length  put  in  place.  This  opera- 
tion is  repeated  as  the  pumps  are  lowered. 
Ordinarily  three  or  four  hours  arc  con- 
sumed in  lowering,  but  in  an  emergency 
it'  can  be  done  in  considerably  less  time. 
In  fact,  three  pumps  have  been  lowered  in 
live  hours. 

In  the  earlier  part  of  the  sinking,  ordi- 
nary 8-in.  plain-bore  rubber  suction-hose 
wound  with  two  layers  of  a  cheap  grade 
of  %-in.  manila  rope,  to  protect  the  hose 
from  flying  rock  when  blasting,  was  used : 
but  later  a  home-made  suction-hose  (Fig. 
■_')     was    devisc<l,    which    cost    about    one- 


it  was  not  possible  to  remove  the  suction- 
hose  when  blasting,  only  the  lower  end  be- 
ing raised  from  the  bottom  with  chain- 
blocks.  The  pumps  were  stopped  when 
blasting,  so  that  when  the  holes  were  shot 
there  was  from  three  to  five  ft.  of  water 
covering  the  holes ;  this  water  acted  as  a 
cushion  and  helped  to  protect  the  timbers 
anri  pumps. 

Detailed  figures  are  not  available  as  to 
the  cost  of  sinking  the  upper  part  of  the 
shaft,  but  the  cost  of  sinking  from  879  ft. 
to  l,<ilT  ft.  was  as  follows: 

Powder    S     468.24 

Caps   .  25.08 

Fuse    141.96 

Lumber,  lagging,  etc 1,772.85 

Supplies,     oils,     grease,     slickers, 

boots,  etc l,a.57.97 

Compressor  and  drills 660.2o 

I-ibor   (miners)    8,089.95 

I-ibor  ( miscellaneou~  231.80 

Total  .S12.749.10 

Feet  sunk   138 

Cost  per   foot $       92.38 

Owing    to    operating    conditions,    it    was 
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Fig.  2 — Details  of  Home-Made  Suction    Pipe. 


Thus  there  was  little  or  no  vibration  in 
the  pumps,  and  they  could  be  easily  freed 
for  lowering.  To  the  back  of  each  pump 
is  bolted  two  hangers  of  3V4xlH  in.  iron, 
having  at  the  upper  end  an  arm,  which  is 
liung  on  the  timbers  of  the  shaft.  These 
hangers  support  part  of  the  weight  of  the 
pump,  but  are  used  more  for  a  temporary 
support  while  moving  the  chain-blocks 

Kach  pump  is  provided  with  separate 
steam,  exhaust  and  discharge-pipes  extend- 
ing li>  the  pump-station  above.  In  order 
10  facilitate  lowering  of  pumps  and  con- 
nection of  pipes,  each  pipe  is  provided  with 
a  \nn\i  slip-joint.  These  slip-joints  are  al- 
ways left  connected  to  the  pump,  ami  pro- 
vide for  any  variations  in  the  length  of  the 
sections  of  pipe  used  when  lowering  the 
pumps.  The  steam-pipe  is  provided  with 
a  valve  at  each  pump  as  well  as  one  at 
the  station  .ibove.  In  this  way  if  the  pump 
hi-ooines  suliiiierged  it  is  possible  to  regu- 
late it  from  alxne  if  the  lower  valve  is  left 
open. 

The  shaft-sets  arc  •'i  ft.  from  center  to 
center  and  the  pumps  are  lowered  one  set 
at  a  time.  The  method  used  in  lowering 
is    as    follows :     Tlie    pipe-connections    are 


tliird  the  rubber  hose  and  proved  more 
satisfactory.  In  making  the  hose.  8-in.  pipe 
was  cut  into  rings  about  1'4  in.  wide,  and 
these  rings  were  wired  together,  leaving  a 
space  of  about  %  or  %  in.  between  the 
rings.  The  whole  was  then  covered  with 
three  layers  of  heavy  canvas  sewed  on, 
eacli  layer  being  made  air  and  water-proof 
with  pine  tar.  The  hose  was  then  covered 
with  rope,  as  was  done  with  the  rubber 
hose.  The  total  cost  of  making  an  18-ft. 
length  of  hose  was  $25.50.  This  cost  in- 
cludes all  labor  and  material  except  the 
rings,  which  were  cut  from  scrap  pieces  of 
pipe.  The  rope  and  the  winding  of  it  arc 
also  omitted,  as  this  cost  would  be  llie 
same  if  a  rubber  hose  were  used. 

In  order  to  protect  the  sinking  pumps 
and  shaft-timbers  when  blasting,  as  well 
as  to  protect  the  men  working  below,  a 
bulkhead  was  used  below  the  shaft-tim- 
bers, as  shown  in  Fig.  I.  Two  steel  rails 
the  length  of  the  shaft  were  hung  below 
the  wall-plates  by  chains  and  on  these  8x8- 
in  limbers  were  placed  close  together,  leav- 
ing an  opening  through  which  the  hoisting- 
cage  could  pass. 

On  account  of  the  great  v. ilium-  ..f  wnirr 


impossible  to  arrive  at  the  cost  of  hoisting 
from  the  shaft  with  any  accuracy,  and  for 
this  reason  the  cost  of  hoisting  is  not  in- 
cluded in  the  above. 


The  Value  of  Prospecting  by  Drilling 
with  Some  Costs. 

Mining  engineers  are  rapidly  learning  the 
\alue  of  prospecting  by  drilling  and  civil 
engineers  can  learn  much  from  their  ex- 
perience. It  is  as  important  to  know  of 
the  character  of  the  soil  and  rock  upon 
which  a  structure  is  to  be  built,  as  to  know 
its  value  for  mining  purposes.  Shafts  give 
such  information  but  as  a  rule  at  a  prohibi- 
tive cost,  as  illustrated  by  the  following  ex- 
tracted from  an  article  by  Robert  Marsh, 
Jr..  in  the  "School  of  Mines  Quarterly"  on 
"Sampling  and  Assaying  Copper  Ores  of 
the  Fly  District." 

Chum  drills  of  the  "Keystone"  and 
"Star"  t\T>c  were  extensively  employed  in 
prospecting.  As  these  drill  holes  were 
sunk,  the  sands  and  cuttings  were  pumped 
up  and  caught  in  wash-tubs  for  each  five 
feet  of  depth  drilled  in  the  ore  rone.  Each 
of  tlicse   representative  samples  was  dried. 
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coned  and  quartered,  and  sent  to  the  as- 
sayer.  Few  of  the  holes  exceeded  500  ft. 
in  depth  and  as  a  whole  the  ground  was 
not  difficult  drilling.  From  this  work  much 
valuable  information  was  acquired  as  to  the 
likely  location,  thickness,  extent  and  value 
of  the  ground ;  one  company  having  thus 
developed  about  15,000,000  tons  of  milling 
ore. 

The  result  of  this  work  was  shown  by 
platting  the  drill  holes  on  the  claim  map,  in 
conjunction  with  an  ideal  sectional  map  of 
all  the  holes  correspondingly  lettered.  The 
sectional  portion  of  the  map  was  drawn  to 
a  much  larger  scale;  and  the  elevations  of 
the  tops  of  the  holes  taken  from  a  com- 
mon datum  plane;  these  elevations,  the 
five-foot  assays  and  the  depth  of  the  holes 
accompanying. 

Although  some  companies  in  the  district 
have  done  a  considerable  amount  of  pros- 
pecting at  depth  by  means  of  vertical  shafts 
— work  probably  done  before  the  advantage 
of  drilling  was  locally  appreciated — drilling 
has  found  much  favor  because  of  satisfac- 
tory results  obtained  cheaply  and  rapidly. 
The  cost  of  drilling  ranges  from  about 
$1.00  per  ft.  in  very  favorable  ground  to 
$2  in  ground  of  difficult  character,  with  an 
average  of  about  $1.50  in  fair  ground.  The 
rate  of  advance  will  average  from  20  to 
25  ft.  per  day  in  fair  ground.  A  few  typi- 
cal examples  may  be  of  interest: 

Hole  No.  I. — Time,  11  days;  footage,  235 
ft.;  total  cost,  $306.60;  cost  per  ft..  $1.30; 
conditions  favorable. 

Hole  No.  ^.— Time,  16  days;  depth,  412 
ft.;  total  cost,  $770.16;  cost  per  ft.,  $1.86; 
good  hole,   standing  well. 

Hole  No.  .?.— Time,  14  days;  depth,  230 
ft.;  total  cost,  $537.28;  cost  per  ft.,  $2.33 
Trouble  with  crevices  and  fitchering. 

The  above  costs  include :  labor,  superin- 
tendence, tool-sharpening,  oil,  hauling 
water  2  to  3  miles,  wood  fuel  costing  about 
$6.00  per  cord,  maitenance,  repairs  and 
casing  where  necessary.  There  were 
worked  two  12-hour  shifts  per  day,  the 
drillers  receiving  $6  per  shift  and  the 
helpers  $4.05.  Moving  the  drill  is  not  in- 
cluded. Water  and  wood  were  expensive 
items. 

The  cost  of  two  compartment  prospect 
shafts  in  this  district  have  ranged  from  $18 
to  $26  per  ft.  to  depths  of  50  to  170  ft. 
The  rate  of  advance  is  about  2%  ft.  per 
shift. 

The  value  of  such  drilling  work  depends 
largely  upon  the  care  taken  of  the  sam- 
ples, the  ability  to  save  the  cuttings  (in  fis- 
sured ground  they  are  likely  to  be  lost), 
and  the  judicious  location  of  the  drill  holes. 


Roads  and  Streets  Section 


Note :  This  Section  is  devoted  to  methods  and  costs  of  road  and  street  con- 
struction. It  will  cover  road  building  in  all  its  details,  the  construction  of 
pavements,  sidewalks  and  gutters,  the  testing  and  use  of  paving  materials  and 
the  machinery  and  tools  used  in  road  building  and  pa\'ing. 


The  Chilean  Government  received  two 
tenders  on  March  1  for  coiistructing  the 
proposed  railway  to  connect  Arica,  Chile, 
with  La  Paz,  Bolivia.  Both  of  these  ten- 
ders were  from  foreign  firms,  the  Deutsche 
Bank  of  Berlin,  Germany,  submitting  one 
and  the  firm  of  Sir  John  Jackson.  Ltd., 
London,    England,     submitting    the    other. 


Economic  Hints  for  Macadam    Road 
Contractors. 

(Continued  from  March  10  issue.) 

[Three  hints  were  inadvertently  omitted 
from  our  issue  of  March  3,  and  are  in- 
serted here  as  hints  23a,  23b  and  23c.] 

23a.  Use  your  watch  to  time  wagons 
that  are  being  loaded;  if  it  takes  more  than 
i  minutes  to  load  a  wagon,  either  the  bot- 
tom of  the  bin  is  too  nearly  flat,  or  the 
men  are  lazy.  If  10  teams  arrive  at  V 
a.  m.  to  load  from  a  bin,  and  it  takes  6 
mins.  to  load  each  team,  the  last  team  will 
not  leave  with  its  first  load  until  8  o'clock. 

23b.  Even  if  you  make  your  own  bin, 
buy  steel  chutes  for  discharging  the  stone 
into  wagons.  .A.  home  made  wooden  chute 
is  heavy,  and  hard  to  raise,  but  a  light 
steel  chute  can  be  quickly  dropped  and 
raised. 

23c.  If  you  make  your  own  bin  and  in- 
tend to  move  it  about,  bolt  the  timbers  to- 
getlier  and  avoid  using  any  spikes.  Have  a 
drawing  and  blue  prints  made  of  your  bin, 
and  don't  leave  it  to  an  ordinary  carpenter 
to  throw  one  togetlier  according  to  his  own 
crude  ideas  of  what  is  wanted.  A  bin  that 
can  be  quickly  taken  down  and  quickly 
erected  again  must  be  planned  in  advance, 
and  not  designed  on  the  ground. 

45.  To  ascertain  whether  the  teams  en- 
gaged in  hauling  the  stone  are  doing  a  fair 
day's  work  or  not,  use  a  scale  map  showing 
the  location  of  the  stone  supply  and  the 
location  of  the  road.  If  no  map  showing 
the  quarry  location  is  available,  make  one. 
Distances  can  be  measured  with  an  odo- 
meter, or  cyclometer,  or  by  fastening  a 
rag  to  one  spoke  of  a  carriage  wheel  and 
counting  tlie  number  of  revolutions  between 
given  places. 

46.  A  team  traveling  over  poor  earth 
roads,  going  loaded  and  returning  empty, 
should  average  16  to  18  miles  per  day  of 
10  hours.  The  same  team  traveling  over 
good  gravel  or  macadam  roads  should  av- 
erage 18 'to  20  miles.  The  writer  has  had 
good   teams   average   25   miles. 

47.  If  teams  are  hired,  pay  a  bonus  for 
every  ton-mile  hauled  in  excess  of  a  cer- 
tain minimum  of  ton-miles.  If,  for  ex- 
ample, it  is  found  that  teams  are  averag- 
ing 10  miles  loaded  with  3%  tons,  returning 
empty,  or  35  ton-miles  per  day  over  ma- 
cadam rbads,  and  if  a  team  and  driver  are 
costing  $3.50  a  day,  the  cost  of  hauling  is 
10  cts.  per  ton-mile.  By  ofifering  a  bonus 
of  5  or  6  cents  per  ton-mile  for  all  over 
35  ton-miles  daily,  it  will  usually  be  found 
that  the  teamsters  will  load  their  wagons 
heavier  and  make  more  trips  to  earn  the 
bonus. 


48.  In  hauling  large  loads  of  coal,  etc., 
provide  portable  platform  scales  at  the 
stone  bins,  and  weigh  every  load.  This  is 
far  more  accurate  than  measuring  loads. 
Moreover,  the  horses  should  be  weighed 
every  fortnight  to  ascertain  whether  or  not 
they  are  losing  weight,  due  to  being 
crowded   too   hard. 

49.  In  hauling  large  loads  of  coal,  etc., 
in  cities,  it  is  becoming  the  practice  to  use 
three  horses  on  each  wagon.  This  practice 
can  well  be  adopted  in  hauling  broken 
stone.  Indeed,  it  is  common  practice  in 
California  and  other  western  states  to  have 
four  horses  haul  two  wagons  in  tandem, 
or  one  heavily  loaded  wagon  alone. 

50.  In  estimating  how  much  work  a 
team  may  reasonably  be  expected  to  per- 
form, bear  in  mind  that  the  length  of  haul 
on  road  work  changes  every  day.  If  the 
haul  is  such  that  10  trips  can  just  be  hauled 
today,  and  4  teams  can  just  handle  all  the 
crusher  output,  tomorrow  it  will  require 
a  fifth  team,  and  none  will  then  be  working 
to  capacity  for  a  few  days  until  the  haul 
lias  lengthened. 

51.  Careful  account  should  be  kept  of 
the  time  lost  due  to  breakdowns,  etc.,  at 
the  crusher.  This  should  be  done  not  only 
with  the  object  of  reducing  such  delays 
by  ascertaining  their  frequency  and  cause, 
but  in  order  to  know  whether  the  teams 
have  been  delayed  because  of  lack  of 
broken  stone  in  the  bins. 

52.  Never  spread  the  coarse  broken 
stone  on  the  road  by  hand.  A  man  work- 
ing with  energy  can  spread  30  cu.  yds.  of 
loose  broken  stone  from  the  piles,  if  the 
piles  are  small  (less  than  1%  cu.  yds. 
each),  but  the  average  contractor  usually 
has  one  man  spreading  for  every  15  cu 
yds.  of  loose  broken  stone  delivered  per 
day.  In  either  case,  this  cost  can  be  great- 
ly reduced  by  using  a  small  leveling  ma- 
chine hauled  by  two  horses.  The  Baker 
Mfg.  Co.,  725  Fisher  Bldg.,  Chicago,  makes 
such  a  machine,  which  is  called  the  "20th 
Century  Grader."  C.  N.  Carpenter  Supply 
Co.,  Canton,  Ohio,  makes  a  machine  called 
"The  Little  Yankee  Road  Leveler." 

L''sing  small  machines  of  this  type  the 
writer  has  had  a  team,  with  driver  and  one 
man  managing  the  machine,  spread  50  cu. 
yds.  of  loose  broken  stone  per  hour.  A 
regular  "road  machine"  drawn  by  four 
horses  can  be  used  for  the  same  purpose, 
but  is  ordinarily  not  so  economical,  not 
only  because  there  is  not  enough  stone 
spreading  to  keep  it  busy  a  small  fraction 
of  the  time,  but  because  in  turning  around 
the  earth  shoulders  and  subgrade  are  torn 
up.      If  one  of  the   above   described  sninll 
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two-horse  machines  is  used,  it  can  ordi- 
narily be  operated  by  the  team  used  to  haul 
the  spnnkhiiK  wagon,  for  it  takes  only 
a  small  fraction  of  a  day  to  spread  all  the 
stone  Jilncred   from  a  portable  crusher. 

■'•3.  When  stone  is  thus  spread  with  a 
machine,  it  is  never  spread  to  perfect 
crown.  Hence  some  contractors  who  have 
tried  the  machine  have  abandoned  it.  The 
writer  was,  he  believes,  the  first  to  use  this 
type  of  machine  for  spreading  broken  stone, 
and  he  found  that  it  was  necessary  to  sup- 
plement its  work  by  some  hand  work  in 
order  to  secure  an  even  surface  and  proper 
crown  of  the  macadam.  /Xflcr  some  cx- 
perin>entinR.  he  found  that  the  best  tool 
for  this  finishing  is  a  potato  hook,  such  as 
can  be  bought  at  any  liardwarc  store.  One 
man  with  a  potato  hook  follows  the  spread- 
ing machine  and  readily  completes  the 
spreading  at  the  rate  of  lii  cu.  yds.  of  loost 
broken  stone  per  hour.  Hence  it  costs  1  ct. 
per  cu.  yd.  of  loose  broken  stone  to  do  the 
rough  spreading  with  a  machine  (wages 
of  2  horses  and  2  men  being  50  cts.  per 
hour),  plus  1  ct.  per  cu.  yd.  to  do  the 
finishing  by  hand  (wages  being  15  cts.  per 
hour). 

54.  The  screenings  are  not  to  be  spread 
over  the  broken  stone  until  it  has  been  well 
compacted  by  rolling.  Then  the  screenings 
arc  spread  with  shovels  from  the  piles  along 
the  roadside.  The  shovclcrs  must  spread  the 
screenings  by  casting  them  from  the  shovel 
with  a  sweeping  motion,  so  as  to  distribute 
them  evenly  over  a  large  surface.  One 
man  should  spread  at  least  1')  cu.  yds.  of 
screenings   per   day. 

.V>.  From  a  large  number  of  carefully 
made  records  the  writer  ascertained  that 
a  6-inch  layer  of  loose  broken  stone  can 
be  compacted  under  a  steam  roller  to  about 
4%  ins.  in  thickness.  No  greater  compact- 
ing than  this  is  possible  where  a  hard  stone 
is  used,  and,  if  a  very  hard  stone  is  used, 
somewhat  less  consolidation  is  effected.  At 
this  rate  1.3  cu.  yds.  of  loose  broken  stone 
can  be  rolled  down  to  1  cu.  yd.  There  will 
still  remain  enough  voids  in  the  stone  to 
require  about  0.3  cu.  yds.  of  screenings  to 
bind  each  cubic  yard  of  rolled  macadam, 
and  to  furnish  a  slight  surplus  of  screen- 
ings on  the  surface  of  the  road.  H  it  is 
desired  to  estimate  the  exact  thickness  of 
the  layer  of  screenings  required  to  bind  the 
macadam  and  provide  a  surplus,  apply  the 
following  rule :  Take  one-quarter  of  the 
thickness  of  the  rolled  macadam  in  inches, 
and  add  one-third  of  an  inch  to  proi'ide  for 
filling  the  surface  I'oids  and  for  surplus. 

To  make  a  cubic  yard  of  macadam  6  ins. 
•hick  after  rolling  requires  1.3  cu.  yds.  of 
'2  in.  10  'J'/4  in.  stone  and  0.3  cu.  yds.  of 
screenings  (hi  in.  and  less  in  size),  making 
1.6  cu.  yds.  of  loose  broken  stone  and 
i-reenings  per  cubic  yard  of  finished  ma- 
•  adam. 

56.  In  a  macadam  road  6  ins.  thick 
'after  rolling).  16  ft  wide  and  lOO  ft.  long, 
•liere  arc  almost  exactly  30  cu.  yds.  of 
-'illed  macadam.     Hence  it  will  require  1.3 


X  30,  or  39  cu.  yds.  of  loose  broken  stone, 
and  0.3  x  30,  or  9  cu.  yds.  of  screening,  per 
100  ft.  station.  This  is  equivalent  to  l,'584 
cu.  yds.  of  ro'.led  macadam  per  mile  of 
road  6  ins.  thick  and  16  ft.  wide  or  2,059 
cu.  yds.  of  loose  broken  stone  and  475  cu 
yds.   of   .screenings. 

57.  It  is  better  to  reduce  all  records  of 
materials  and  costs  to  the  cubic  yard  of 
rolled  macadam  as  the  unit,  instead  of 
using  the  square  yard  as  the  unit,  for  the 
square  yard  may  be  4,  6,  8.  9,  10  or  12 
ins.  thick.  To  reduce  costs  per  cu.  yd.  to 
costs  per  sq.  yd.,  divide  the  specified  thick- 
ness of  the  macadam  into  36,  and  use  this 
quotient  as  the  divisor  for  cubic  yard  costs. 
Thus,  on  a  6  in.  macadam,  .36-7-6^6, 
hence  if  such  macadam  costs  $3.60  per  cu. 
yd.  in  place,  it  will  cost  $3.60-^6,  or  60 
cts.   per  sq.  yd. 

58.  A  very  common  specification  is  to 
require  that  the  rotary  screen  shall  have 
three  sizes  of  circular  openings,  namely,  % 
in.,  IV4  ins.  and  2V6  ins.  In  crushing  stone 
of  average  hardness,  such  as  limestone,  the 
writer  has  found  that  the  following  per- 
centages will  be  produced : 

Per  cent. 

Through  the  'li  in.  screen 16 

Through  the  1%  in.  screen 24 

Through  the  2%  in.  screen 60 

Total   100 

In  this  case  the  crusher  jaws  were  set 
close,  so  as  to  produce  little  stone  more 
than  2%  ins.  in  diameter.  It  will  be  seen, 
from  tlic  data  in  hint  No.  55,  that  about 
20  per  cent  of  the  total  stone  and  screen- 
ings must  be  screenings  (since  0.3  cu.  yd. 
is  20  per  cent  of  1.6  cu.  yds.).  Hence  it  is 
usually  necessary  to  buy  some  additional 
screenings  or  else  to  use  loamy  sand,  or 
the  like,  for  binding  at  least  part  of  the 
macadam. 

(To  be  continued.) 

Gunnison  Tunnel  of  the  Colorado,  Un- 
compahgre  Project  by  the  U.  S.  Reclama- 
tion Ser\'ice  has  been  advanced  in  Feb- 
ruary 275  ft.  in  the  cast  portal  heading  and 
325  ft.  in  the  west  portal  heading,  leaving 
2,.340  ft.  between  the  headings  on  March 
1.  At  the  river  portal  50  ft.  of  tunnel  has 
been  timbered,  45  ft.  of  timbered  tunnel 
has  been  lined  with  concrete,  and  the  con- 
creting of  the  headworks  has  been  prac- 
tically completed.  Three  hundred  and 
forty-five  feet  of  lining  have  been  placed 
in  the  west  heading.  The  flow  of  water 
into  the  tunnel  has  been  practically  con- 
stant throughout  the  month  at  8.5  second- 
feet  at  the  west  portal,  and  2  second-feel 
at  the  east  portal.  The  tunnel  is  now  7.5.2 
per  cent  completed. 

The  Interborough  Rapid  Transit  Co.  of 
New  York  City  has  submitted  to  the  New 
York  Public  Service  Commission  a  com- 
prehensive outline  of  its  proposed  exten- 
sions in  Manhattan  Borough  and  the 
Rronx.  The  cost  of  these  improvements 
is    estimated   at    $.50,000,000. 


Method  of   Constructing    Oiled    Side- 
walks at  San  Leandro,  Cal. 

The  first  oiled  sidewalk  m  San  1..  .iM.ir 
was  constructed  some  four  years  a^ 
care  was  taken  to  secure  any  particular 
quality  of  crude  oil  and  no  systematic 
method  was  followed  in  its  application.  The 
oil  was  merely  heated  and  spread  upon  the 
sidewalk  after  which  sand  or  fine  gravel 
was  thrown  over  it  to  keep  the  oil  from 
running  down  over  the  curb.  These  first 
sidewalks  were  not  exactly  a  success.  How- 
ever, the  experiment  was  continued,  and 
special  madiinery  constructed  to  spread  the 
oil  and  roll  the  sidewalk  after  its  applica- 
tion, and  now  the  city  has  about  four  miles 
of  excellent  oiled  sidewalks.  The  method 
now  employed  in  constructing  these  side- 
walks is  described  in  "Pacific  Municipali- 
ties" as  being  as  follows : 

The  sidewalk  is  first  macadamized  by  us- 
ing a  rock  base  about  4  ins.  thick  covered 
with  1  in.  of  fine  screenings.  The  base 
and  screenings  are  each  well  rolled  sepa- 
rately. The  sidewalk  is  graded  on  an  in- 
cline of  %  in.  to  the  foot,  so  that  on  a  12 
ft.  walk  it  is  6  ins.  higher  at  the  property 
line  than  at  the  curb.  A  straight  edge  is 
used  and  care  taken  to  get  the  surface 
straight  and  absolutely  flat,  without  any 
depressions. 

If  it  is  a  sidewalk  that  has  already  beer 
macadamized  at  some  time  past,  it  will  be 
necessary  to  dig  the  old  rock  out,  after 
which  it  may  be  rescreencd  and  applied 
and  rolled  in  the  same  manner  as  new  rock 

In  case  any  weeds  are  found  growing  on 
the  sidewalk,  a  little  rough  salt  is  dis- 
tributed over  that  part  to  kill  them,  as  it 
is  found  that  some  kinds  of  weeds  have 
no  respect  for  oil,  at  least  until  the  surface 
gets  so  hard  that  nothing  can  penetrate  it 

.-\fter  the  walk  has  been  wet  down  and 
rolled  hard,  it  is  allowed  to  dry  out  pretty 
well  and  the  first  coat  of  oil  is  then  ap- 
plied. The  oil  used  must  not  be  less  than 
14  degrees  gravity  and  be  heated  to  at 
least  100  degrees  F.  .■Xfter  applying,  it 
should  be  allowed  to  stand  for  three  or 
four  days,  when  it  will  be  found  to  be 
pretty  well  absorbed,  .^bout  half  an  incli 
(not  any  more)  of  dry  sand  should  then 
be  spread  evenly  over  the  surface  and  a 
hot  roller  applied. 

The  roller  should  have  a  fire-box  and  be 
kept  very  hot ;  a  thin  grade  of  crude  oil 
may  be  used  as  fuel  for  the  roller.  The 
roller  itself  should  weigh  about  4l>0  lbs. 

.After  a  lapse  of  about  five  days  a  second 
coat  should  be  applied,  this  time  using  an 
oil  of  II  degrees  gravity  and  containing  not 
less  than  60  per  cent  asphaltum.  It  should 
be  heated  to  about  125  degrees  F..  and  ap- 
plied and  treated  in  the  same  manner  as  the 
first  coat. 

After  the  hot  roller  has  been  applied  on 
this  second  coat,  common  dust  oflF  the  street 
should  be  thrown  on  and  swept  over  the 
surface  in  order  to  thoroughly  dry  it.    The 
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work   should   be   done   in   early   snmnier,   it 
possible. 

A  12  ft.  sidewalk,  50  ft.  long,  constrncted 
in  this  manner,  costs  about  $20,  being  40 
cts.  per  lineal  foot.  It  is  elastic  and  con- 
sequently easier  under  foot  than  cement : 
and  because  of  its  elasticity  is  not  so  seri- 
ously affected  by  growing  trees.  Oiled  side- 
walks improve  with  time,  the  oil  turning 
into  a  hard  tenacious  gimi,  binding  the 
whole  walk  into  one  solid  mass. 


Cost  of  Three    Sections   of    Concrete 
Sidewalks. 

The  following  data,  taken  from  the  Ca- 
nadian Engineer,  not  only  show  the  cost 
of  constructing  three  sections  of  concrete 
sidewalks,  but  also  offer  a  comparison  of 
the  relative  cost  of  hand-mixed  and  ma- 
chine-mixed concrete.  The  work  was  done 
by  three  gangs,  two  gangs  laying  hand- 
mixed  concrete,  and  one  gang  laying  ma- 
chine-mi.xed  concrete : 

Section  A  was  hand-mixed,  and  was  300 
ft.  long  and  5  ft.  wide,  comprising  166.6 
sq.  yds.,  and  costing  as  follows : 

Per  sq.    Per  sq. 
Labor —  Total.       yard.       foot. 

1  foreman,  8  hrs.,  15 

laborers,    120  hrs..$  53.20    $0.32    $0.03y2 

Material- 
Cement     $  8(i.00        .51        .05% 

Gravel     •■....     34.08        .20        .02% 


Total    cost     $173.28    $1.03    $0.11% 

Section  B  was  hand-mixed,  and  was  380 
ft.  long  and  5  ft.  wide,  comprising  211 
sq.  yds.,  and  costing  as  follows : 

Per  sq.    Per  sq. 
Labor —  Total.       yard.       foot. 

1  foreman.  8  hrs..  18 

laborers.    144   lirs..$  59.10     $0.28     $0.03 

Material — 

Cement 100.20 

Gravel     49.70 


.51 
.23 


.05% 

.02y2 


Total  cost   .......$218.00    $1.02    $0.11% 

Section  C  was  machine-mixed,  and  was 
575  ft.  long  and  6  ft.  wide,  together  with 
an  approach  27  ft.  by  2%  ft.— altogether, 
391.5  sq.  yds.,  and  cost  as  follows : 

Per  sq.  Per  sq. 
Labor —  Total.       yard.       foot. 

]   foreman,  8  hrs..  23 

laborers,   184  hrs..$  55.70    $0.14    $0.01% 

Material- 
Cement     202.80        .51         .05% 

Gravel     92.80        .23        .02% 


Notes  on  State  Highway  Work  in  1908. 

In  our  March  10  issue  we  gave  an  out- 
line of  the  highway  work  done  in  1908  in 
a  number  of  states.  Additional  reports 
have  since  been  received  and  arc  given  be- 
low. 

OHIO. 

During  the  fiscal  year  ending  Nov.  15, 
1908,  the  State  Highway  Department  let 
contracts  for  19  roads.  The  aggregate  es- 
timated cost  of  the  19  contracts  is  $256,186. 
The  amount  assumed  by  the  state  in  these 
contracts  is  $93,.528,  the  remainder  being 
assumed  by  the  counties  in  which  the 
roads   are   to  be   constructed. 

The  accompanying  table  shows  the  cost 
of  several  roads  completed  in  1908.  The 
figures  for  excavation  is  the  engineer's 
estimate  and  the  cost  of  this  portion  of  the 
work   is   included  in  the   cost  given  in  the 


Total    cost    $.3.50.80    $0.88  $0.9  9-10 

The  sidewalks  were  6  ins.  thick.  No  al- 
lowance has  been  made  in  the  above  costs 
for  use  of  tools  or  machine. 

Comparing  the  costs  per  square  foot,  it 
will  be  found  that  the  material  cost  the 
■same  in  each  case,  but  that  the  cost  of 
machine  mixing  was  about  two-thirds  less 
ihan  liand-mixing. 


About  7.3  miles  of  6-in.  macadam  road 
were  also  built.  As  stated  above  the  roads 
were  principally  9  ft.  wide. 

Besides  the  actual  stone  and  gravel  road 
construction  done  by  the  Division  it  exam- 
ined or  surveyed  93  pieces  of  road,  in- 
cluding  all   classes   of  construction. 

Another  important  part  of  the  work  has 
been  the  furnishing  of  plans  for  bridges. 
In  this  work  the  Division  examined  172 
bridge  sites,  and  furnishe'd  besides  this 
many  estimates  on  figures  submited  by  let- 
ter, in  all  making  a  total  of  238  estimated 
upon,  from  which  56  letters  have  been  re- 
ceived that  the  bridges  were  constructed 
in   conformity   with   the   plans. 

In  ihe  election  last  fall  the  amendment 
to  the  constitution  allowing  the  state  to 
approp:  late  money  for  the  construction  of 
roads  was  passed  by  a  majority  of  70,000. 
and  -t  is  expected  that  the  Legislature  now 


COS'I'  (IF  M.ACADAM  RO.\DS  COMPLETED    IX  OHIO^X  190S. 

Width  of  Depth  of  Excava- 

Length.  macadam,  macadam.  tion.  Total 

Road.                                 Miles.  Feet.  Inches.  Cu.  yds.  cost. 

Ashland-Hayesville    I.5.-,  10  9  9.356  $11,063 

Conneaut-Southern     ].34  14  9  4.36:.  12.968 

Sugar   Creek    1  12  9  6.031  7.635 

Bethesda    Southern    1.2  10  9  7,217  8,505 

Belmont    Southern    1.2  ..  ..  2.953  6,209 

Salem-Perry     1.08  12  9  4,500  8.330 

Havden    Bridge    1.6  14  9  4.366  9,250 

Chicago    Junction    Southern. 1  12  9  3,662  7.080 

Torkville    1.22  10  9  15.450  10,270 

Ravenna-Infirmary     ..: 1.75  12*  9  5,863  13,271 

Wooster    Northern     1.03  14t  S  2.453  7.384 

»12  ft.  wide  for  6.41H  ft.;   14  ft.  for  2.820  ft.      tl4   ft.    for   3.300  ft.:    10   ft.    for 


Cost  per 
mile. 
$7,137 
9,642 
7,635 
7,088 
5,175 
7,713 
5,781 
7,080 
8,418 
7,583 
7.169 

.153   ft. 


table.  The  roads  were  built  by  contract. 
The  total  cost  includes  contract  price  and 
engineering,    etc. 

A  number  of  roads  paved  with  brick 
liave  been  constructed  under  the  suspervi- 
sion  of  the  State  Highway  Department 
and  the  accompanying  table  shows  the  cost 
of  three  of  such  roads.  Two  of  these 
roads  were  completed  in  19ii7  and  one  in 
1908: 

Width  Cost 

Length.  Paved      Total  per 

Road.  Miles.  Feet.         cost.  mile. 

Zanesville-Wayne 

Township     ....1  16         $11,177         $11,177 

Tuscarawas 

Kiver     1.346     1"  11.210  8,304 

Brady   Cemetery  .86       14  12.777  14.857 

The  costs  include  excav:ition,  founda- 
tion,  concrete  curb,  etc. 

WISCONSIN. 

Highway  work  in  this  state  has  not  yet 
reached  the  stage  of  state  aid,  and  the 
work  that  Highway  Division  of  the  Geo- 
logical and  Natural  History  Survey  is 
domg  is  simply  to  aid  the  towns  and  coun- 
ties with  engineering  advice  in  the  con- 
struction of  their  roads  and  bridges.  The 
work  done  under  the  Division's  charge 
has  been  more  or  less  of  an  experimental 
nature  in  each  locality,  and  in  most  cases 
no  records  of  costs  wnrthx  of  submission 
were  kept.  The  roads  liuilt  were  for  the 
most  part  9  ft  wi<le,  and  in  contradiction 
to  the  beliefs  of  many  highway  engineers, 
this  type  of  road  seems  to  be  successful. 
In  190S  the  Division  built  1.5  miles  of 
gravel  road  of  an  average  thickness  of 
8   ins.   and    a    width    from    9    ft.   to    14    ft. 


in  :iession  will  pass  a  state  aid  law  of 
tome  description.  It  is  believed  that  this 
law  will  take  the  form  of  non-paid  com- 
mission for  the  most  part  e.x-officio,  and 
that  money  will  not  only  be  appropriated 
for  the  construction  of  stone  and  gravel 
roads,  but  also  for  bridges  and  heavy  grad- 
ing operations  on  the  more  important 
roads  of  the  state. 


A  Mine-Explosion  and  Mine-Rescue  Sta- 
tion has  been  established  at  the  College  of 
Engineering  of  the  University  of  Illinois 
by  the  United  States  Geological  Survey,  in 
co-operation  with  the  State  Geological  Sur- 
vey. The  purpose  of  the  station  is  to  in- 
terest mine  operators  and  inspectors  in  the 
economic  value  of  such  modern  appliances 
as  oxygen  helmets  and  other  resuscitation 
apparatus  as  adjuncts  to  the  normal  equip- 
ment of  mines.  The  station  also  will  con- 
cern itself  with  the  training  of  mine  bosses 
and  others  in  the  use  of  such  apparatus.  Its 
service  is  to  be  rendered  gratuitously,  and 
so  far  as  possible  to  all  in  Illinois,  Indiana. 
Michigan,  West  Kentucky.  Iowa  and  Mis- 
souri,  who  may  desire. 


.•\t  the  beginning  of  1908  the  entire  rail- 
way system  of  Russia  reached  a  length 
of  40,111  miles,  having  been  increased  dur- 
ing  1907   by   1,173  miles. 


The  U.  S.  government  is  to  establish  a 
Forest  Service  Laboratory  at  the  Univer- 
sity of  Wisconsin. 


Marcii   17,  1909. 
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An  Act  to  Establish  a  Civil  Engineer- 
ing Council  and  a  State  Board  of 
Examiners  of  Civil  Engineers 
in  Pennsylvania." 

Section  1.  Be  It  eiuctcil  by  the  senate 
and  house  oi  rrprc»entativcs  of  the  coni- 
munwealth  of  Pennsylvania  in  c<^n<^''3l  as- 
sembly held  anil  it  is  hereby  enacted  by 
the  authority  of  the  same  that  upon  the 
|u--.it{c  of  this  act  the  lieutetunt  governor, 
!!:■  ^latc  coiiiiiiissioner  of  highways  and 
till-  ••late  •luperintcndcnt  of  public  instruc- 
tion >hall  foiiMitutc  a  civil  cnj;incering 
council  of  which  the  lieutenant  governor 
shall  be  president,  who  shall  supervise  the 
"'ti'  i.il  actions  of  the  board  of  examiners, 
iu'.ir  all  appeals  from  their  decisions  nnd 
charm-  against  the  probity  of  any  mem- 
I.,  .  h.  r.ot,  pass  tinally  upon  all  cxamina- 
!i'ii  iMpiri  of  caiulidati-s  for  a  license  to 
practice  as  civil  euRineers,  sign  all  licenses 
in  conjunction  with  the  board  of  exam- 
iners of  civil  engineers  and  prefer  diargcs 
for  dismissal  for  incompetency,  failure 
to  perform  duty  or  dishonesty  against  any 
number  of  the  board  of  examiners  for 
luil  engineers  to  the  governor  of  the  com- 
monwealth. The  civil  engineering  coun- 
cil shall  meet  at  least  twice  yearly  and 
always  after  an  examination  has  been  held 
by  the  board  of  examiners  for  civil  engi- 
neers and  shall  receive  as  compensation 
for  services  rendered  Sl^1,  as  provided 
for  hereinafter. 

Sec.  2.  The  governor  shall  appoint 
after  the  passage  of  this  act  fivr  rccog- 
ni/i'l  civil  engineers,  who  shall  constitute 
lli<-  Ik. aril  of  e.xaniincrs  for  civil  engineers, 
»ii'>  shall  have  actually  practiced  in  their 
pr..i\ssion  for  a  period  of  at  least  seven 
years  or  he  may  select  as  members  of  the 
lK..iriI  any  professor  holding  chairs  in  civil 
riiijinecring  in  any  college  or  university  of 
Ibis  commonwealth  duly  chartered  under 
thr  laws  iif  this  state  and  having  power 
to  grant  the  degree  of  civil  engineer.  Their 
terms  of  appointment  shall  be  as  follows : 
One  for  one  year,  one  for  two  years,  one 
for  three  years,  one  for  four  years,  and 
one  for  five  years  The  new  appointee  in 
lOl'i  and  annually  thereafter  shall  hohl 
"fti.  ••  for  live  years.  .Ml  vacancies  shall 
'  ■  Ilcd  for  the  unexpired  term  and  the 
of  office  of  the  appointees  of  the  gov- 
r  under  this  act  shall  begin  on  June. 
rV.".''.*,  at  which  time  the  lioanl  of  rxamin- 
shall  organize  and  annually  thereafter 

niess  said  date  occur  on  Sunday,  and  in 

hat   event   the   reorganization    shall  he  on 
Tuesday     following.     At    such    organ- 

■Uon  and   reorganization  annually  there- 

•A  nlmllnr  net  for  llrrniilnK  <>nirlnror»  In 
'mho  wtut  puMlnhed  In  Ernirlne<Tln(r  Cm. 
■ellns  for  Marrh  J.  11K>9. 


alter  the  board  shall  elect  a  president,  sec- 
retary and  treasurer.  The  board  shall 
make  such  rules  and  regulations  for  its 
government  and  for  the  examination  of 
applicants  for  licenses  as  civil  engineers  as 
shall  to  them  seem  proper.  They  shall  be 
authorized  to  take  testimony  concerning  all 
matters  within  their  jurisdiction,  and  the 
presiding  officer  of  said  lK)ard  or  any  of 
the  committees  thereof  may  issue  subpoenas 
and  administer  oaths  to  witnesses. 

Sec.  3.  Kvery  applicant  lor  a  license 
as  civil  engineer  shall  make  written  appli- 
cation to  the  secretary  of  the  state  board 
of  cxaminer.s  for  civil  engineers  on  or 
before  the  first  day  of  April  and  October 
and  shall  indicate  in  such  application  his 
full  name  and  address,  place  of  employ- 
ment and  duration  of  the  same  with  whom 
employed  togellier  with  a  brief  history  of 
any  engineering  work  of  importance  upon 
which  he  has  or  has  had  supervision  or 
was  detailed.  When  a  sufficient  number  of 
applicants  have  filed  ihcir  intention  of  tak- 
ing cxaminatit)n.  it  shall  be  the  duty  of  the 
president  and  secretary  of  the  board  to 
give  notice  in  some  of  the  leading  papers 
of  the  commonwealth  of  the  time  and 
place  for  holding  the  proposed  examina- 
tion, together  with  the  topics  in  which  the 
said  applicants  shall  be  examined.  .Ml  ex- 
aminations shall  be  in  writing,  .\fter  the 
board  of  examiners  have  passed  upon  the 
merits  of  the  examination  papers  of  appli- 
cants for  a  license  to  engage  in  civil  engi- 
neering they  shall  certify  tluir  conclusions 
and  all  papers  to  the  civil  engineering  coun- 
cil. Should  the  latter  body  confirm  the 
recommendations  of  the  board  of  exam- 
iners, then  such  of  the  applicants  for  a 
license  as  shall  have  successfully  passed 
the  examination  or  may  have  been  recom- 
mended for  a  license  shall  be  granted  same, 
which  shall  be  issued  by  the  secretary  of 
the  commonwealth  upon  the  payment  of  a 
fee  of  $2.  Candidates  for  a  license  if  re- 
examined shall  be  given  credit  for  any 
topics  in  which  they  successfully  passed  at 
a  previous  examination. 

Sec.  4.  Previous  to  the  examination  of 
any  applicant  for  license  as  civil  engineer 
he  shall  make  payable  to  the  treasurer  of 
ihe  board  of  examiners  a  certified  check  of 
$20,  which  sum  shall  accompany  his  ap- 
plication and  shall  go  towards  thr  payment 
of  expenses  of  said  board,  and  should  any 
applicant  fail  in  examination  and  lie  re- 
examined at  some  future  time,  then  the 
regular  fee  must  be  paid  regardless  of 
former  payments.  From  the  moneys  in 
ihe  hands  of  the  treasurer  of  the  board  of 
compensation  of  the  civil  engineering  coun- 
cil and  all  other  expenses  inciilent  to  said 
examination      .\iiy  residue  must  be  equally 


divided  among  the  board  of  cxaroinerf, 
provided  that  in  no  case  shall  the  meni- 
bcrs  thereof  receive  over  $500  per  annum 
All  unexpended  balance >  shall  be  paid  tu 
the  siatc  treasurer  annually  on  June  1  and 
shall  go  to  the  fund  for  the  use  of  the 
public  schools. 

Sec.  5.  This  act  shall  not  refer  to  per- 
sons who  have  graduated  as  civil  engi- 
neers or  bear  a  certificate  of  proficiency 
in  civil  engineering  from  any  college  or 
university  of  l-'iis  commonwealth  regulated 
by  state  charter  or  to  graduates  of  col- 
leges or  universities  of  other  states  or 
countries  which  are  recognized  by  the  civil 
engineering  council  and  the  board  of  cx- 
.'iininers  as  institutions  of  a  high  standard 
in  civil  engineering  instruction.  Xcithcr 
shall  the  provisions  of  this  act  extend  to 
any  person  who  has  for  seven  consecutive 
years  practiced  the  profession  of  civil  en- 
gineering in  this  state  or  to  mining  engi- 
neers making  surface  surveys  in  connec- 
tion with  their  mine  work.  .Ml  persons 
classed  under  the  latter  provision  shall  give 
positive  proof  of  their  right  to  practice  the 
profession  of  civil  engineering,  and  after 
due  proof  shall  be  awarded  a  regular 
license  upon  the  payment  oi  a  fee  of  SlO 
to  the  treasurer  of  the  state  board  •■'  ■v- 
aminers. 

Sec.  6.  .\iiy  person  practicing  tii.  iir.i- 
fession  of  civil  engineering  within  this  com- 
monwealth after  January  1,  1910.  who  has 
not  filed  with  the  proihonolary  of  the 
county  wherein  he  resides  a  copy  of  his 
diploma  certificate  of  competency  or  his 
state  license  shall  be  guilty  of  a  misde- 
meanor and  upon  conviction  shall  be  fined 
$-V)  and  upon  conviction  for  a  second  like 
offense  the  defendant  shall  be  sentenced  to 
pay  a  fine  of  S10<)  to  be  collected  in  like 
manner,  and  upon  conviction  for  a  third 
like  offense  the  defendant  shall  be  subject 
to  pay  a  fine  of  $200  and  suffer  an  impris- 
onment of  not  less  than  30  days  and  not 
more  than  6  months  and  to  be  deprived 
of  securing  the  license  provided  for  in 
this  act  for  a  period  of  o  years  thereafter. 
The  fines  provided  for  herein  shall  be 
paid  one-half  to  the  informer  and  one-half 
to  the  commonwealth  of  Pennsylvania  for 
the  use  of  the  public  schools  thereof. 

Sec.  7.  The  term  "civil  engineer"  as  ap- 
plied and  used  in  this  act  shall  mean  any 
person  skilled  in  the  principles  and  practice 
of  any  department  of  ri'.  includ- 

ing surveying  nnd  pmfili'  words 

"civil  cngii  i  in  this  act 

shall   be   ii"  ihat   branch 

of  engineering  which  relates  to  the  con- 
struction or  care  of  roads,  bridges,  rail- 
roads, canals,  aqueducts,  harbors,  drainage 
and  sewage  works. 

Sec.  8  .Ml  acts  inconsistent  herewith 
.tre  hereby  repealed. 


The  total  mileage  of  government  rail- 
ways in  the  Commonwealth  of  .\ustralia 
at  the  close  of  the  fiscal  vear  \9fif  was 
M.6«2. 
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Catalogs  Worth  Having. 

Engineers  and  contractors  should  have 
on  file  the  latest  catalogs  of  machines, 
tools  and  supplies  that  they  use.  In  sending 
for  catalogs  reviewed  or  advertised  in 
this  paper,  you  will  confer  a  favor  on  us 
if  you  will  write  direct  to  the  advertisers 
and  state  that  you  sav\:  the  catalog  men- 
tioned in  Engineering-Contracting.  If 
you  are  in  the  market  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  notify 
promptly  the  leading  manufacturers. 

No.  1131.  Plans  for  Concrete  Residences. — 
Universal  Portland  Cement  Co.,  Chica- 
go,  111. 

Tliis  very  handsome  pamphlet  contains  19 
■designs  for  concrete  residences,  with  de- 
scriptions and  estimates  of  costs,  submitted 
in  a  competition  of  the  Clilcago  Architec- 
tural Club  for  prizes  offered  by  the  Univers- 
al Portland  Cement  Co.  The  rules  of  the 
competition  are  given  and  for  eacli  design  a 
description  and  estimate  of  cost,  a  perspec- 
tive view  and  first  and  second  floor  and 
attic  plans.  This  pamphlet  excellently  dem- 
onstrates the  adaptability  of  concrete  to 
pleasing  architectural  treatment,  and  the 
company  issuing  it  deserves  commendation 
for   the  tasl<    wliicli    it   lias    performed. 

No.     1132.     Tests    of    Friction      Clutches     for 
Power    Transmission. — The     Hill     Clutch 
Co.,  Cleveland,  O. 
This   is   a    reprint    of   the    excellent   paper 
read    by   Prof.    R.    G.    Dukes   at   the   last  an- 
nual   meeting    of    the    American    Society    of 
Meclianical  Engineers.     Those  who  Imve  not 
read   Prof.   Duke's  paper  will    do  well   to  se- 
cure  this   pamphlet.     It  is  worth   keeping  on 
file. 

No.  1133.  Tanks  and  Towers. — U.  S.  Wind 
Engine  &  Pump  Co.,  Batavia.  111. 
This  32-page  pamphlet  shows  illustrations 
of  a  number  of  tanks  and  towers  of  various 
styles  and  gives  tables  of  standard  sizes  of 
small  storage  tanks,  railroad  tanks,  fire 
service  tanks,  tank  roots  and  steel  towers. 
Details  of  hoops,  joints,  base  elbows  and 
of  single-angle  and  double-angle  towers  are 
given. 

No.  1134.  Derricks  and  Hoists. — Superior 
Iron  Works,  Superior,  Wis. 
A  set  of  circulars  illustrating  and  describ- 
ing derricks,  steam  scow  winding  gear,  an- 
chor hoist  engines  for  operatmg  dredge 
anchors  or  spuds,  cable  liaulage  and  derrick 
engines  and  dredge  deck  engines  for 
handling   dump  scows. 

No.  1135.  Concrete  Mixer. — The  Miles  Mfg. 
Co.,  Inc..  Jackson,  Mich. 
This  circular  describes  the  Simplex  Con- 
crete Mixer,  which  is  claimed  to  combine  the 
advantages  of  automatic  teed  of  continuous 
mixers  and  of  tlie  piinr-iple  of  mixing  of 
batch  mixers.  The  machine  is  an  interest- 
ing one  and  concrete  workei's  should  secure 
this   circular. 

No.      1136.      Reinforced      Concrete      Retaining 

Walls.— The     Concrete     Steel     Retaining 

Wall    Co.,    Cincinnati,    O. 

This  24-page  pamphlet  describes  the  Bone 

Retaining    Wall    and      presents      estimates. 

drawings   and    arguments   demonstrating   its 

economy    and    efficiency    as    compared    with 

plain     concrete    and     masonry    walls.        The 

pamphlet  contains  some  interesting  data  and 

should  be  kept  on  file. 

No.  1137.     Air  Hose   and   Hose  Fittings — The 
Cleveland    Pneumatic    Tool    Co.,     Cleve- 
land,  O. 
A  4-page  circular  illustrating  and  describ- 
ing  air    hose,    hose   couplings,    hose    nipples 
and   hose  menders.      Contractors  will  be   in- 
torcslod    in    the    hose   clamps   and   couplings 
which  are  described. 

No.  1138  Engineering  and  Drafting  Instru- 
ments and  Supplies.  K.utfel  ,t  lisser. 
New  York.  .\.  Y. 
The  thirty-third  edition  of  this  catalog, 
which  has  just  been  published,  is  the  largest 
yet  issued  by  this  well-known  firm,  and  will 
be  of  interest  to  every  engineer  and  archi- 
tect. The  general  appearance  of  the  catalog 
has  been  Improved  and  it  is  handsomely 
bound.  Interspersed  throughout  the  book  are 
illustrations  showing  for  the  first  time  the 
interiors  of  the  general  office  and  factory 
buildings  at  Hoboken,  N.  J.,  which  the  com- 
pany now  occupy,  as  well  as  glimpses  of  the 
stores  in  New  York.  Chicago,  St.  Uouls.  San 
Francisco  and  Montreal.  An  important 
change  in  the  general  arrangement  of  the 
catalog  has  been  made  by  creating  a  special 


section  for  "drafting  office  furniture,"  which 
is  now  forming  an  important  department 
among  the  goods  manufactured.  It  would 
lead  too  far  to  enumerate  the  many  additions 
made  to  the  various  lines  of  drafting  instru- 
ments, surveying  instruments,  etc.,  but  they 
will  be  readily  noticed  by  those  familiar  with 
the  previous  editions  of  this  catalog.  The 
catalog  contains  some  540  pages  and  will  be 
sent  to  engineers,  free  of  charge,  on  applica- 
tion. 

No.  1139.  Eclipse  Concrete  Mixer.  —  The 
Standard  Scale  &  Supply  Co.,  50-52 
South  Canal  St.,  Chicago.  III. 
A  4-page  circular  describing  this  non-tilt- 
ing batch  mixer,  for  which  an  especially  low 
charging  arrangement  is  claimed.  This  fea- 
ture is  described  as  follows:  "The  material 
to  be  mixed  is  wlieeled  onto  a  low  platform, 
charged  into  the  drum  and  is  drawn  into 
the  center  by  the  charging  blades  as  the 
drum  revolves.  Being  very  simple  in  con- 
struction, it  solves  the  .problem  of  low 
charging  aiid  does  away  with  hoppers  and 
other  complicated  devices  used  for  convey- 
ing material,  which  always  require  consid- 
erable power." 

No.    1140.      Boilers,    Engines    and    Machinery. 

— Wickes  Bros..   90  West   St.,   New   York. 

A   monthly   price    list.    32    pages,    issued  by 

this    company    of    the    boilers,    engines    and 

other   machinery   offered   for   sale. 

No.  1141.  Under- Feed  Stokers — American 
Ship  Windlass  Co..  Pnn'ultiu-e,  R.  I 
A  40-page  catalog,  of  neat  and  attractive 
appearance,  describing  and  illustrating  the 
Taylor  gravity  under-feed  stoker.  The  con- 
struction and  operation  are  shown,  and  at- 
tention is  called  to  its  many  advantages, 
such  as  the  saving  in  fuel,  labor  and  other 
items. 

No.     1142.       Buckets     and     Skips. — Cockburn 
Barrow    &    Machine    Co..    30    Church    St., 
New  York. 
An    S-page    catalog,    well    printed,   devoted 
to    the    Lockwood    automatic    dump    bucket 
and    skip.      These    buckets    are    meant    to    be 
used  with  either  derricks  or  cableways,  and 
they  are  dumped  by  the  man  behind  the  en- 
gine. 

No.     1143.       Concrete     Measuring     Machine. — 
The  Conveying  Weigher  Co.,  90  West  St.. 
New   Y'ork. 
An    S-page    circular,    telling   of   the    Trump 
measuring   machine   for  proportioning   mate- 
rials   for    concrete.       The    machine    does    its 
work  automatically  and  can  feed  the  mate- 
rials  eitlier  into  a   mixer  or  a  bin. 

No.  1144.  Road  Building. — A.  L.  Barber  As- 
phalt Co.,  90  West  St.,  New  York. 
A  34-page  pamphlet,  being  an  article  en- 
titled "The  Best  Road  and  the  Right  Way 
to  Make  It."  by  .\.  L.  Barber,  .\dvocates 
the  building  of  a  macadam  road  with  a 
strip  of  asphalt  pavement  in  the  center  to 
take  the  great  volume  of  traffic. 

No.    1145.     Aid   to   Shippers. — Oelrichs   &    Co.. 

Forwarding  Dept.,  5  Greenwich  St..  New 

York. 
".\id  to  Shippers"  is  the  title  of  a  72- 
page  book  .containing  a  quantity  of  informa- 
tion of  value  to  all  engaged  in  the  export 
or  import  trade.  It  contains  tables  of  for- 
eign money  and  weiglits,  measurements,  tar- 
iffs, custom  requirements  and  other  data 
of  great   value.     It  is  sent  free  on  request. 

No.    1146.      Packing.— Greene.   Tweed   &   Co., 
109    Duane   St.,    New    Y'ork. 
A    catalog    telling    of    the    various    steam 
packings  manufactured  by  this  company. 

No.  1147.  Rain  Gages. — Ernest  H.  Du  Vivier. 
30  Church  St..  New  York. 
Bulletin  telling  of  rain  gages,  a  very  nec- 
essary thing  for  engineers  and  contractors 
engaged  in  water  supply  work  and  hydrau- 
lic   construction. 

No.  1I4S.  Handling  Explosives. — Bureau  of 
Explosives.  24  Park  Place.  New  York. 
A  70-page  pamphlet,  being  the  report  of 
the  chief  inspector  of  the  bureau  for  the 
safe  transportation  of  explosives  and  otlier 
dangerous  articles  of  the  American  Railway 
Association.  Valuable  information  is  given 
on  the  subject  of  storing  and  shipping  ex- 
plosives and  showing  causes  of  accidents. 
Copies  can  be  had  for  $1  each. 

No.   1149.     Pumps. — Dean  Bros.'   Steam  Pump 
Works.   Indianapolis.    Ind. 
A  small  64-page  catalog  describing  and  il- 
lustrating steam  piuni>s  of  many  kinds  man- 
ufactured by   this  company. 

No.  1150.  Street  Flushing  Machine.— D.  Con- 
nelly &  Co..  West  St.,  Cleveland,  O. 
A  14-p.age.  handsomely  printed  and  illus- 
ti'ated  catalog,  showing  the  Connelly  auto- 
matic street  flushing  machines,  and  telling 
why    they    are   siuierior    to   similar    machines 


and  explaining  the  superior  points  of  clean- 
ing streets  by  this  method  of  flushing  over 
other    methods    now    in    use. 

No.  IIT)!.  Crushing  and  Road  Building  Ma- 
chinery.— The  Good  Roads  Macliinerv 
Co.,  iiennett  Square,  Pa. 
This  60-page  pamphlet  illustrates  and  de- 
scribes the  Champion  line  of  road  machin- 
ery, sold  by  the  above  named  company.  The 
Champion  crusher  and  crusher  outfits  are 
described  in  great  detail.  Among  the  other 
machines  illustrated  are  traction  engines 
dump  cars,  road  machines,  and  road  rollers, 
as  well  as  dump  wagons,  dump  cars,  scrap- 
ers and  plows.  This  firm  shows  a  very 
complete  line  of  road  machinery  and  the 
catalog  should  be  of  interest  to  road  build- 
ers. 


Personals. 

Mr.  M.  B.  Cowden  has  been  re-elected 
City  Engineer  of  Harrisburg,  Pa. 

Mr.  Robert  B.  Dell  has  been  re-elected 
Borough  Engineer  of  Duquesne.  Pa. 

Mr.  M.  P.  Mitchell  has  been  re-elected 
Borough  Engineer  of  Dunmore,   Pa. 

Mr.  Walter  B.  Snow.  Publicity  Engineer. 
Boston.  Mass..  has  been  elected  a  member  of 
the  Corporation  of  the  Massachusetts  Insti- 
tute   of   Technology. 

Bedell  &  Jacoby.  Drainage  Engineers,  of 
Kansas  City.  Mo.,  have  been  appointed  engi- 
neers tor  the  recently  organized  drainage 
district  on  Big  Creek,  in  Johnson  and  Henrv 
Counties.  Missouri. 

Henry  Bausch.  Vice-President  of  the 
Bausch  &  Lomb  Optical  Co.,  of  Rochester, 
N.  Y'..  died  early  this  month  at  Augusta, 
Ga..  after  a  long  and  painful  illness.  Mr. 
Bausch  was  50  years  of  age. 

Mr.  H.  P.  Mobbeiiy  has  resigned  as  Divi- 
sion Engineer  of  the  Texas  &  Pacific  Rv. 
and  lias  opened  an  office  at  304  South  Jef- 
ferson St.,  Springfield,  Mo.,  where  he  will 
engage  in  a  geneial  practice  in  civil  and  hy- 
draulic engineering. 

Mr.  Henry  M.  Steele,  who  has  for  the  past 
few  years  been  with  J.  G.  White  &  Co.. 
Inc.,  Engineers  and  Contractors,  43  Ex- 
change place,  New  York,  as  Chief  Civil  En- 
gineer, has.  on  account  of  ill  health,  re- 
signed and  moved  with  his  family  from  New 
Y'ork  to  Asheville,  N.   C. 

Mr.  William  H.  Adams  and  Mr.  Robert  J. 
Cummins  liave  opened  an  office  as  Civil  and 
Consulting  Engineers  in  the  Ford  Bklg.,  De- 
troit. Mich.  Mr.  Adams  for  several  years 
has  been  Chief  Estimator  of  the  Trussed 
Concrete  Steel  Co.,  of  Detroit,  and  Mr.  Cum- 
mins has  been  his  principal  assistant. 

The  Lindley-Kirkes  Construction  Co..  of 
Oklahoma  City.  Okla.,  has  been  organized 
and  has  taken  all  work  of  J.  E.  Kirkes  and 
will  continue  in  the  construction  business  on 
a  larger  scale  than  heretofore.  The  officers 
of  the  company  are:  T.  H.  Lindley,  Presi- 
dent; M.  J.  .Lindley.  Secretary-Treasurer: 
J.  E.  Kirkes,  Vice-President  and  General 
Manager. 

The  Engineering  Society  of  Wisconsin  held 
its  first  meeting  at  the  University  of  Wis- 
consin on  Feb.  24.  25  and  26.  The  following 
officers  were  elected:  President,  F.  E.  Tur- 
neaure.  Dean  of  the  College  of  Engineers  at 
the  University  of  Wisconsin;  Vice-President. 
McClellan  Dodge,  City  Engineer  of  Appleton. 
Wis.;  Trustees,  for  two  years,  B.  F.  Lyons, 
Assistant  General  Manager  of  the  Beloit 
Gas  &  Electric  Co.,  and  E'.  P.  Worden,  Me- 
chanical Engineer  of  the  Prescott  Steam 
Pump  Co.,  Milwaukee;  Trustees,  for  one 
year.  E.  Gonzenbach,  of  the  Sheboygan  Elec- 
tric Light  &  Power  Co.,  and  E,  R.  Banks. 
Ciiy  Engineer  of  Superior.  These,  as  execu- 
tive board,  will  elect  the  secretary  later.  The 
new  organization  will  hold  annual  meetings 
hereafter. 

Mr.  Arthur  M.  Kinsman,  heretofore  Engi- 
neer of  Construction  of  the  Baltimore  & 
Ohio  R.  R..  has  been  appointed  Chief  Engi- 
neer of  that  road,  succeeding  D.  L).  Caroth- 
ers.  deceased.  Mr.  Kinsman  is  a  graduate 
of  the  Worcestei"  Polytechnic  Institute,  and 
began  his  railroad  work  in  1877  as  a  rodman 
on  the  Boston  &  Maine.  In  ISSO  he  was  ap- 
pointed Engineer  of  Surveys  and  Construc- 
tion on  the  Chicago,  Milwaukee  &  St.  Paul, 
remaining  there  a  year,  when  he  was  ap- 
pointed Resident  Engineer  of  the  Illinois 
Central.  He  later  became  Division  Engi- 
neer and  then  Superintendent  of  Construc- 
tion. In  1895  he  was  appointed  Chief  Engi- 
neer of  Construction  and  Maintenance  of 
Way  of  the  Wisconsin  &  Michigan.  In  1899 
he  was  appointed  Engineer  of  Construction 
of  the  Baltimore  &  Ohio  lines  west  of  the 
Ohio  river,  with  olfice  at  Akron.  Ohio,  and 
four  years  later  was  made  Engineer  of  Con- 
struction of  the  entire  Baltimore  &  Ohio 
system,  with  olflce  at  Baltimore,  which  po- 
sition he  held  up  to  March  1,  when  he  was 
made  I'hief  B^ngineer. 
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A  Valuable  Article  on  Reinforced  Con- 
crete Pile  Work. 
The    value   of   detailed   lime   records   of 
<>l>rration»  is  well  illustrated  in  the  excel- 
lent article  on   molding  and   driving  rein- 
i..i.r,|  concrete  pili-s  which   «• 
;;..■    l>^ue.    .\  great   many  of  li 
Conclusions   un   pile   driving   n 
the    presentation    of    which    tin 
notable,   could   not   have   been    reached    by 
any   other   method   of   study.    To   instance 
only  one  item,  note  how  the  detail  timing 
of  delays  in  driving  disclosed  opportunitio 
for   increasing   the   number  of   piles   driven 
by  nearly  70  per  cent,   without   any  addi- 
tional labor  cost,  but  merely  by  doing  away 
with    wasted   time.    Other   examples   might 
be  enumerated,  but  the   intelligent  contrac- 
tor will  discover  them  himself  as  he  reads 
the  article  which  wc  strongly  advise  every 
contractor  to  do.    There  has  never  before 
been  published  so  gooil  an  article  on  rein- 
forced concrete  pile  work. 
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The  Findings  of  the    Interstate  Com- 
merce Commission  as  to  the  Costs 

of  Constructing  the  Northern 
Pacific  and  the  Great  North- 
ern  Railways   and    Its 
Decision  in  the  Spo- 
kane Rate  Case. 

In  our  issues  of  April  15,  1908,  and  May 
ti,  l!Hi8,  we  gave  detailed  estimates  of  the 
cost  of  rcprodi^cing  the  Northern  Pacific 
and  ihc  Great  Northern  Railways,  as  sitV 
mittod  by  their  chief  engineers  in  the 
"Spokane  rate  case"  before  the  Interstate 
Commerce  Commission.  In  the  same  arti- 
cles we  gave  some  of  the  criticisms  of 
these  estimates  by  the  chief  engineer  of 
the  Washington  Railroad  Commission  to 
whom  this  testimony  was  submitted  in  be- 
half of  the  cily  of  Spokane,  the  complain- 
ants. 

The  Interstate  Commerce  Commission 
has  just  rendered  a  very  important  deci- 
sion in  this  case,  under  which  the  North- 
ern Pacific  and  the  Great  Northern  arc 
directed  to  make  a  reduction  of  l(J2-3  per 
cent  upon  all  class  rates  from  St.  Paul  m 
Chicago. 

There  are  other  imr,ortant  points  in- 
volved in  the  decision,  which  we  shall  not 
Ko  into,  but,  as  indicating  the  probability 
that  the  Interstate  Commerce  Commission 
will  itself  undertake  a  valuation  of  Amer- 
ican railways  before  long,  we  quote  as  fol- 
lows  from   the  report  of  the  commission: 

"This  investigation  conclusively  shows 
that  if  any  importance  whatever  is  to  be 
atl.'icht'd  to  the  cost  of  renrodiiction  in 
the  establishment  of  railway  rates,  the  val- 
uation must  be  undertaken  by  the  govern- 
ment itself.  No  individual  has  the  means 
and  no  individual  if  he  had  the  means 
could  afford  the  expense  of  procuring  even 
a  rough  estimate,  accurate  wit' 
able  limits,  of  the  cost  of  rebu! 
■of  these  defendant  properties.  In  tlic  pres- 
ent   case    we    .ire    impressed    lh.it    the    en- 
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The  Northern  Pacitic  Railway's  own  es- 
timate    of      the     cost      of      r,  .,r.-)...-Ijon      yfj^^ 

$4-lt;,0O0,(HH».  including  <  for  coal 

lands  and  $3 1,889 ,487  for  n^m  ..j  way  and 
$7."j,f»00,iHX>  for  terminals.  The  Commis- 
sion rejected  the  item  of  c  en- 
tirely, as  the  coal  mines  are  y  a 
separate  company  which  derives  a  profit 
from  their  operation.  Mr.  Gillette  had 
testified  that  the  construction  and  equip- 
ment estinii.t,  -  ,,i'  the  defendant  were  too 
high  by  5  and  that  he  had  not 
sufficient  ml^imlikc  of  the  lands  to  ex- 
press an  opinion.  The  Commission  adopted 
a  value  of  $32.1.000.000  for  the  Northern 
Pacific,  which  is  equivalent  to  $5«VnjO  per 
mile  on  its  .">,810  miles.  This  is  certainly 
very  liberal,  for  it  involves  an  acceptance 
of  the  railway's  land  values  at  practically 
its  own  figures.  The  capitalization  of  the 
Northern  Pacific  is  $57,800  per  mile  of  line. 

The  estimate  of  the  chief  ci  ■  the 

Great    Northern    Railway   w..  'XMi 

as  the  cost  of  reproducing  tfie  entire  sys- 
tem, including  S^ll.OtXi.tKXl  for  equipment 
and  S27.(MV).(MK)  for  right  of  way  and  $60,- 
(HX'.iXKt  for  terminals.  Of  this  estimate  the 
Commission  says : 

"The    total      '  '    !cs    $15.- 

000,000    for    >  .100    for 

general  and  legal  .  for 

interest   (during  c  i  ices 

charged  are  in  many  instances  too  high  and 
the  method  of  computation  not  strictly  ac- 
curte.  On  the  whole,  however,  we  are  im- 
pressed that  this  estimate  has  been  pre- 
pared in  fiOoA  faith  and  with  great  care 
It  was  submitted  to  Mr.  Gil"  -icer 

of  the  Washington  railroad  •-  al- 

ready referred  to,  for  \\r  re- 

vision.    In  his  opinion  tl:<  .  iven 

should  have  been  reduced  some  $fM',i>oO,000 
[lie  made  no  estimate  of  bnd  value*.— 
Eiliiors]  in  all.  leaving  a  total  of  $335,000,- 
000." 

The  estimate  of  the  chief  engineer  of  the 
Great    Northern   applies   to  ("•'""  -    of 

main  line,  and  is  ef|uivalent  '  per 

mile.  The  commission  scaled  it  down  to 
$.Vi..'>no  per  mile.  The  t^ommission  was 
iiiialile  to  ;isicrtain  the  capilalitation  of  the 
•  ircai   Norihrrn..    We  quote: 

".\flcr  spending  days  in  examining  an- 
nual reports  !<•  '  n,  the  annual 
reports  to  stos-  •  accounts  in 
ial  journal*,  il  i<  ^iill  ■  to 
with  any  degree  of  .i  •.  hat 
iiiiitiry  has  gone  into  the  properties  of  the 
Great     N.^rlhern    system — either    the    5,335 
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miles  wliicli  it  now  operates  or  the  0,523 
miles  which  it  controls  and  w'hich  are 
really  a  part  of  its  entire  property.  It 
would,  be  difficult  to  devise  a  schetne  better 
intended  to  eonfuse  and  to  conceal  than 
that  employed  in  the  development  and  op- 
eration of  the  Great  Northern  Raikmy 
System." 

The    italicts    are   ours. 

If  additional  arguments  were  needed  to 
prove  the  necessity  of  constant  government 
auditing  of  railway  accounts,  such  instances 
as  this  furnish  the  last  unanswerable  rea- 
son. 

The  report  on  this  "Spokane  Rate  Case" 
covers  some  50  pages  of  reading  that  is  of 
great  interest  to  all  who  are  studying  the 
problems  of  government  control  of  rail- 
ways. 


The  Defeat  of  the  Idaho  Law  Licens- 
ing Engineers. 

The  correspondent  who  furnished  us  the 
copy  of  the  Idaho  law  licensing  engineers 
which  was  published  in  a  recent  issue, 
writes  us  that  the  bill  has  been  de- 
feated. His  letter  indicating  the  cause  of 
the  legislature's  adverse  action  is  interest- 
ing, and  we  print  it  as  follows : 

Sirs-  The  bill  introduced  in  tlie  Idalio 
House  of  Representatives  licensing  engineers 
was  defeated.  The  gentleman  who  spoke 
against  the  bill  chai'acterized  it  as  'forming 
a  codflsh  aristocracy  with  the  State  Engineer 
at   the   head."         Very   truly  yours. 

March  14.  1909.  CITY  ENGINEER. 

(1)  The  reputable  engineer  needs  pro- 
tection from  the  competition  of  the  in- 
competents and  rascals  within  the  pro- 
fession. 

(2)  The  public  needs  protection  from 
the  inefficient  and  defective  works  of  ras- 
cally and  incompetent  practitioners  of  engi- 
neering. 

"Reduced  to  their  final  analysis." .  as  the 
Honorable  Joseph  Cannon  would  say,  these 
are  the  claims  for  consideration  of  practi- 
cally all  acts  providing  for  the  licensing 
of  engineers.  The  first  reason  is  urged  far 
more  often  than  the  second ;  it  is  the  rea- 
son that  impels  most  of  the  acjivity  toward 
securing  license  laws  for  engineers,  and  it 
is  not  a  reason  that  carries  conviction  of 
either  the  necessity  or  the  benefit  of  such 
laws.  The  argument  for  licensing  engi- 
neers, if  it  is  to  carry  weight,  must  be 
based  upon  the  claim  of  public  welfare. 
It  is  not  the  fact  that  incompetents  and 
rascals  exist  in  the  engineering  profession 
that  is  of  importance  so  much  as  it  is  the 
fact  that  their  inefficient  and  defective 
works  endanger  the  well-being  of  the  pub- 
lic. Put  another  way,  it  is  the  quality  of 
the  engineer's  work  that  affects  public 
well-being  far  more  than  it  is  the  charac- 
ter of  the  engineer  himself.  To  our  way 
of  thinking  it  is.  therefore,  the  engineer's 
work  that  should  be  "regulated"  and  not 
'primarily  the  engineer  himself.  Legisla- 
tion which  looks  toward  establishing  a 
board  of  review  or  of  supervision  of  plans 
for  public  works  has  reason  behind  it  and 
«ound   precedent   to  guide    it. 


Concrete  and  Reinforced  Concrete  Section 


Note: This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 

and  reinforced  concrete  structures.  It  will  cover  the  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mixing,  transportation  and  placing ;  fabrication  and  placing  of  reinforcement, 
and  form  construcUon  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


Method    and    Cost    of    Molding    and 

Driving  Reinforced  Concrete  Piles 

for    a    Building    Foundation 

in  Cambridge,  Mass.* 

The  object  of  this  paper  is  to  give  a  de- 
scription of  the  design,  construction  and 
data  on  driving  cast  reinforced  concrete 
piles  for  a  foundation  of  the  Boston  Woven 
Hose  &  Rubber  Co.'s  new  power  plant  in 
Cambridge,  Mass.  Detail  times  of  the  va- 
rious elementary  operations  were  taken  on 
20  of  the  piles  during  the  driving  with  a 
view  to  determining  the  best  methods  of 
driving  cast  reinforced  concrete  piles  and 
to  compare  piles  of  slightly  different  de- 
sign and  especially  to  analyze  the  times 
and  costs  for  future  estimates.  The  results 
obtained  from  these  observations  are  re- 
corded in  tables  forming  a  part  of  this 
paper;  and  from  them  curves  of  some  of 
the  piles,  showing  the  penetration  during 
the  driving,  are  drawn  to  illustrate  the  dif- 
ferent methods  of  driving  and  the  obstacles 
encountered. 

From  the  observations  taken  on  this  work 
the  unit  costs  were  determined  as  given 
by  Table  II.  and  also  the  following  conclu- 
sions in  regard  to  methods  were  drawn. 
.•\lthough  these  conclusions  may  not  all  be 
of  general  application  because  drawn  from 
one  set  of  piles,  they  are  presented  just  as 
they  were  given  in  the  original  report  upon 
the  work  as  furnishing  suggestions  of  gen- 
eral value : 

Conclusions.— ArT&x\gt  molding  platform 
if  possible  so  that  butts  of  pile  are  placed 
to  be  drawn  direct  by  pile  driver. 

Design  butt  so  that  pipe  connection  does 
not  interfere  with  snatch  ring.  Place  pipe 
connection  so  that  hose  can  be  connected 
before  raising  pile  and  supporting  rope  will 
not  interfere  with  derrick  hook. 

If  piles  are  made  in  cool  weather  and 
are  to  be  driven  in  30  days,  strengthen  con- 
crete mix  at  butt  by  working  some  dry 
cement  into  it  while  ramming. 

Use  perfect  rolls  under  driver  to  facili- 
tate quick  moving.  The  plan  found  best 
at  Cambridge  with  the  4,700-lb.  hammer 
was  to  begin  driving  by  churning  and  water 
jet,  using  this  method  as  long  as  possible. 
The  chain  connecting  pile  to  hammer  was 
then  disconnected  and  driving  began  with 
hammer  drop  of  about  2%  ft.,  increasing 
drop  as  driving  became  harder;  4  ft.  may 
sometimes  be  used  at  the  start. 

^rr~paper  read  Sept.  16,  190S.  before  the 
Boston  Society  of  Civil  Engineers  by  San- 
ford  E  Thompson  and  Benjamin  Fox.  and 
published  in  the  "Journal  of  the  Association 
of  Engineering   Societies"    for  January.   1909. 


In  ground  not  too  hard  it  may  be  ad- 
visable after  completing  churning  to  give 
the  chain  a  slack  for  a  %-ft.  drop,  and 
raise  pile  a  little  with  a  jerk  after  each 
blow.  This  appears  to  be  effective  only  in 
ground  soft  enough  so  that  the  pile  can  be 
readily  raised,  and  as  it  takes  time  to  ad- 
just chain,  is  hard  on  engine,  and  tends  to 
start  head  crushing,  it  is  of  very  doubtful 
.alue. 

As  tip  of  pile  should  have  good  bearing 
on  ground  undisturbed  by  water  jet,  the 
water  should  be  shut  off  before  the  pile  is 
down  to  grade. 

The  8x8-in.  tip  was  found  to  be  slightly 
preferable  to  the  lUxlO-in.  tip  in  time  of 
driving.  The  2-in.  jetting  pipe  gave  the 
best  results,  and  it  is  suggested  for  future 
use  that  this  be  reduced  to  1  in.  or  VA  ins. 
for  the  last  12  or  18  ins.  at  the  tip. 

For  piles  of  30  ft.  or  less  length  the 
longitudinal  reinforcement  may  be  %-in. 
rods  instead  of  '%-in.,  but  for  piles  of  over 
30  ft.  computations  should  be  made  so  that 
the  longitudinal  reinforcement  will  be 
strong  enough  to  stand  the  vibrating  weight 
of  the  pile  when  it  is  being  raised  to  the 
gins  of  the  machine. 

Design. — The  piles  as  designed  by  Mr. 
Fox  were  made  30  ft.  (3  ins.  long,  U  ins. 
square  at  the  butt  end,  and  in  general  9  ins. 
square  at  the  tip.  A  number  of  soundings 
were  taken  at  the  site  of  the  power  house 
which  indicated  a  fill  of  from  6  to  8  ft.; 
below  this  to  a  depth  of  29  ft.  7  ins.  to 
.■!!%  ft.  from  the  surface,  fine  sand  and 
mud  (practically  all  .  may  be  considered 
sand)  ;  and  below  the  sand  a  clay  hard  pan 
was  reached  which  was  tested  to  a  depth 
of  13  ft.  These  tests,  together  with  a  con- 
sideration of  the  requirements,  determined 
the  length  of  the  pile. 

Of  the  48  piles  which  were  made,  6  were 
8  ins.  square  and  0  were  10  ins.  square  in- 
stead of  9  ins.  at  the  tip.  The  object  of 
this  variation  in  size  of  the  tip  was  to 
determine  which  size  gave  the  best  results. 
The  irregularity  of  water  pressure  proved 
a  very  great  handicap  to  making  accurate 
comparisons  and  also  affected  very  seri- 
ously the  resuhs  obtained  during  the  actual 
driving  of  each  pile.  Enough  piles  were 
observed,  however,  to  give  fairly  good  aver- 
ages. 

.\verages  of  the  time  of  actual  driving 
the  piles  with  different  sized  tips  give  the 
following  results,  which  indicate  that  the 
8-in.  tip  is  slightly  preferable  in  time  of 
driving.  The  variation  in  the  character  of 
the  ground  as  well  as  the  water  pressure 
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nia>    iiithiriicr    in    a    iiuaMirc    the    relative 

times 

TIMK  DltlVlX'i   I'll.KS  WITH   I'lKFKUKNT 

Sl/.Eli  Tll'S. 

ICiiiii;**  III  Avcrtijcf 

8li<- of  Tip.        Tliiii- I'rlvinis         Tliitr  UrlvliiK 

111.                              Mill  Mill. 

.1                             .'S  lo   lilT  l.i"i 

:•                             ::■   to    16ti  76 

10                               iu   tu   13U  !(u 

Files  were  reiiifcirccii  with  lour  Th-in. 
corrugated  steel  roils  exteiiiliiiK  lo  witiiin 
'2  ins.  uf  the  ends  of  the  pile,  and  imbedded 
2  ins.  froin  the  face  near  the  butt  and  IM 
ins.  from  the  face  at  the  tip.  Loops  of 
^4-in  corruKated  bars  were  placed  around 
the  principal  steel,  spaced  about  1-  ins. 
apart  except  near  the  butt,  where  the  spac- 
ing was  decreased  to  4  ins.,  there  being  IM 
loops  in  all.  The  butts  of  the  piles  were 
also  e.\tra  reinforced,  some  with  %-in.  and 
some  with  H-in.  rods,  varying  in  length 
from  J  to  ."J  ft.  A  %-in.  rod  about  5  ft. 
long  was  imbedded  in  the  concrete  vi-ith  a 
loop  sticking  out  through  the  concrete  near 
trie  top  of  the  pile  on  one  side  for  hooking 
with  derrick. 

A  galvanized  iron  pipe  was  cast  in  the 
center  of  the  pile  for  the  water  jet.  For 
experimental  purpose  the  sizes  of  pipes 
were  varied,  being  2  ins.,  IM  ins.,  IM  ins. 
and  1  in.    To  carry  out  the  experiment  still 


further  some  of  the  piles  were  made  with 
one  of  the  larger  si/e  pipes  for  about  half 
the  length  of  the  pile  and  there  connected 
with   one  of  the  smaller   pipes   which   ex 
tended  down  to  the  tip. 

1  he  times  of  driving  piles  with  diflfcrcnt 
.sizes  of  pipe  in  the  interior  of  the  pile  were 
plotted,  but  the  variation  in  each  due  tu 
other  causes  was  so  great  that  no  practical 
conclusion  could  be  reached.  The  results 
simply  indicate  that  the  pile  with  1-in.  pipe 
took  Mightly  longer  to  drive  than  the  piles 
with  larger  sized  pipe. 

The  friction  of  water  ruiuiing  through 
pipe  of  small  size  is  very  great,  so  that  it 
is  known  without  experimenting  that  the 
largest  size  pipe  which  it  is  practicable  to 
insert  in  a  pile  will  give  the  least  loss  of 
head  and  therefore  be  the  best.  To  in- 
crease the  velocity  of  the  water,  and  thus 
increase  its  power  to  loosen  earth  (note 
that  it  is  the  velocity,  not  the  pressure, 
which  is  increased),  the  size  of  the  tube 
should  be  reduced  near  the  tip.  The  re- 
duction must  be  made  far  enough  from  the 
tip  of  the  pile  to  prevent  clogging  under 
heavy  blows.  There  is  no  danger  of  the 
nozzle  filling  while  the  water  is  flowing 
freely,  and  therefore  no  danger  while  the 


pile  is  being  churned  down  in  the  first  few 
blows.  The  danger  is  .ipt  to  occur  when 
the  driving  becomes  hard,  and  at  this  time 
the  penetration  per  blow  is  so  small  that  it 
would  seem  that  a  nuzzle  12  ins.  long  woul  t 
l)e  sufficient  to  prevent  any  material  work- 
ing up  into  the  larger  pipe.  .X  2-in.  pipe  is 
probably  as  large  as  is  practicable,  and  it  is 
therefore  suggested  that  this  size  be  used 
to  within  12  ins.,  or  if  preferred,  24  ins. 
from  the  tip,  and  there  reduced  to  1  in. 

Detail  Operations  During  Driitng. — In 
order  to  correctly  analyze  such  work  as  this 
and  separate  it  into  small  enough  operations 
to  permit  the  adaptation  of  the  times  and 
costs  to  other  jobs,  very  minute  and  exact 
records  are  necessary. 

The  records  were  taken  by  Mr.  Thomp- 
son's assistant  engineer,  Mr.  William  O. 
Lichtner,  with  the  aid  of  the  decimal 
watches  and  the  watchbook  shown  by  Fig. 
1.  When  the  pile  drivers  were  about  to 
start  a  new  pile,  each  individual  operation, 
such  as  moving  pile  driver,  attaching  rope 
lo  pile,  pulling  pile,  raising  pile  vertically, 
and  so  on,  was  entered  on  the  note  sheet. 
In  many  cases  each  one  of  these  operations 
became  separated  into  two  or  three  parts  by 
delays  or  additional  operations  occurring  in 
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(1) 

(2)                (3) 

(4> 

(5) 

(«) 

(7) 

(8) 

(9) 

(10) 

"'Ll 

(12) 

(13) 

(14) 

MS)     (1«) 

Dste. 

Age 

Dimen- 

Depth 

Moving 

Placing 

Time 
Driving. 

ays. 

No. 

Range  in 

Last   Blow. 

Pile 

Before 

During 

Pene- 

No. 

Made.           Driven. 

at 
Drix-ing. 

sions  at 
Point. 

Size  of  Pipe. 

Driven, 

Driver. 

Pile 

Driving. 

Dri%-ing. 

of  Blows 

Drop. 

Drop.  |uation 

Ft. 

Min. 

Min. 

Min. 

Min. 
(1) 

Min. 
(2) 

Ft. 

Ft.     Incha 

.K 

3-24-08         4-24-08 

31 

rxtr 

it- 

18  0 

spc. 

109  5 

191   4 

58.0 

87  5 

697 

10  to  4  0 

5  5 

(3) 

B 

4-2S-08 

32 

" 

28  7 

15  0 

40  6 

113  5 

1.6 

20  2 

895 

10  to  3  5 

3.0 

C 

3-2J-08 

31 

25  6 

11    1 

46  8 

41.7 

0  0 

12  0 

280 

10  ' 

u 

31 

It' 

28  8 

2  0 

39  7 

90  7 

0  0 

41   2 

360 

0  5  to  2  0 

1  0 

E 

31 

30  8 

21   9 

35  1 

lis  « 

0  0 

42  5 

5<I2 

0  5  to  15 

2  2 

P 

4-27-08 

33 

30. » 

104 

5    

28.1 

16 

2  a 

1S7 

0  5  to  5  0 

4  0 

I 

3-26-08 

32 

r%v 

!}: 

32.0 

90  0 

28  7. 

142.8 

0  0 

17  0 

392 

0  5  to  5  0 

4.0  1 

i 

32 

30.8 

18  9 

27  0 

54  0 

0  0 

9   9 

336 

1  Sid  so 

6  0 

3-27-08 

4-28-08 

32 

2- top.  ij'bot. 

30  5 

57 

9 

25  6 

0  0 

4  4 

112 

1  5  to  4  0 

4  0 

0 

*' 

32 

30  5 

70  4 

22  3 

108  1 

0  0 

12  0 

646 

0  7  to  6  5 

6  5 

P 

32 

•• 

I. 

26  5 

26  0 

12  7 

176  6 

0  0 

24  0 

1    160 

3  0  to  9  0 

8  0        A 

V 

3-30-08 

4-29-08 

30 

•* 

.'.♦' 

31  0 

SO  0 

IS  3 

69  2 

4  6 

6  8 

SOU 

1  5  to  5  5 

5  5        i 

w 

30 

30  5 

5  0 

IS  1 

128  8 

0  0 

12.6 

939 

0  7  to  6  0 

6  0 

X 

" 

" 

30 

2-10  U' 

21   5 

63 

9    

76  8 

35  6 

10  4 

610 

0  7  to  6  0 

6  0 

(3) 

Y 

4   30-08 

31 

•■ 

.'.»' 

30  5 

69 

5    

32   1 

0  0 

3  0 

255 

1  5  to  5  0 

5  0 

Z 

31 

" 

27.8 

35  3 

20  1 

49  A 

0  0 

3  7 

46(1 

0  2  to  3  5 

3  5 

•» 

31 

31 
32 

'* 

20.5 

23  6 

21   5 

98  0 

0  0 

14   7 

710 

OS  to  3  5 

3  5  1 

3 

J-l-08 

35  0 

42  0 

4 

32 

43  0 

12  0 

43  0 

i 

•• 

" 

32 

40  0 

10  0 

36  0 

» 

3-31-08 

31 

29 

0    

60  0 

7 

" 

*■ 

SI       1 

33  0 

12  0 

62   0 

8 

&-2-08 

32 

« 

** 

" 

33 

45  0 

75  0 

U 

3-28-08 

34 

2' to  ir 

25 

0    

137  0 

T 

" 

34 

ir 

28  0 

60  0 

65  0 

S 

5-4-08 

36 

54 

0 

7S   0 

R 

" 

36 

30  0 

IS  0 

lis  0 

^ 

36 

25  0 

10  0 

55  0 

3-27-08 

37 

It 

75  0 

10  0 

135  0. 

H 

3-26  ON 

38 

■• 

22  0 

8  0 

71*  0 

G 

S  508 

30 

\' 

12  0 

5  0 

S5  0 

K 

3-27-08 

38 

■■ 

15  0 

14  0 

IHH  0 

10 

3-31-08 

35 

If 

105  0 

15  0 

SO  0 

11 

S.'i 

5  0 

13  0 

32   0 

12 

4-1-08 

.14 

20  0 

10  0 

4.1  0 

13 

" 

.14 

20  0 

10  0 

52   0 

M 

34 

8  0 

10  0 

70  0 

IS 

" 

»-«k08 

35 

■• 

38 

0    

112   0 

IS 

35 

\V%  10* 

SO 

10  0 

75  0 

17 

'• 

•' 

35 

30   2 

20  0 

25  0 

85  0 

U    tl 

27   s 

568 

2  0  to  s  ,1 

s   6 

18 

" 

*' 

aj 

.10  2 

40  0 

35  0 

130.0 

0  0 

48   8 

1018 

2  5  to  20  0 

10  0 

It       1 

" 

•• 

35 

30   3 

40  0 

15  0 

110  0 

0  0 

15  4 

740 

10  to  6  5 

6  5 

20 

•• 

5-7-08 

3A 

r 

10  0 

50  0 

21 

4-2-08 

■■ 

35 

ly 

10.0 

10  0 

75  0 

22 

'• 

35 

" 

10  0 

5.0 

82  0 

L 

3-37-08 

•• 

41 

MT  V  ^ 

r 

- 

38.0 

20  0 

190  0 

A». 

38. S 

It.O 

33  0 

83  0 

"     5  1 

21,3     1 

580 

Av. 

Jurinit  last 

4  days. 

27  0 

13  0 

Av. 

on  1 8  pilen 

under  60  m 

in. 

1 

4«    0 

(1)  Included  in  Column  (B).  (2)  Included  in  Col.  (10).    (3)  Head  unaihins 
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the  midst  of  them,  and  these  delays  were 
also  recorded  with  the  time. 

When  the  driving  was  actually  begun,  the 
number  of  blows  of  the  hammer  was  re- 
corded by  a  pocket  mechanical  counter,  and 
the  time  required  for  each  blow  or  for  a 
series  of  five  blows  was  entered  on  the  note 
sheet,  together  with  the  height  of  the  drop 
and  the  penetration,  the  latter  being  read 
from  a  scale  painted  on  the  gins  of  the  pile 
driver.  Of  course  any  stops  during  the 
driving  were  noted,  with  the  length  of  the 
stop  and  the  cause. 

[The  full  log  of  these  records  is  given  in 
the  original  paper,  but  is  omitted  here  be- 
cause of  its  great  length.  A  summary  of 
the  detailed  data  is  given  in  Table  I  and 
is  amply  complete  for  all  but  minute  analy- 
ses.— Editors.] 

Methods  Employed  in  Making  Piles. — 
The  method  of  construction  is  as  follows : 
A  2-in.  platform  of  rough  plank  is  built  on 
ground  of  sufficient  area  to  hold  all  of  the 
piles.  On  this  platform  chalk  lines  are 
struck  and  V  strips  to  form  a  1-in.  chamfer 
nailed  so  that  the  lines  of  the  piles  are 
about  6  ins.  apart,  alternating  points  and 
butts.  The  casting  of  the  piles  with  tips 
and  butts  alternating  is  economical  of 
space,  but  where  the  piles  are  cast  so  as  to 
be  handled  directly  by  the  pile  driver,  with- 
out any  intermediate  handling,  it  is  best  to 
cast  them  all  with  the  butts  toward  the 
machine  on  account  of  the  saving  of  time 
in  getting  the  pile  in  the  gins.  Two  8-in. 
unplaned  (to  assist  in  skin  friction)  spruce 
planks  form  the  sides  of  each  pile.  The 
piles  are  made  in  lots  of  about  five.  The 
outside  form  is  cleated  with  2x4's,  and  the 
other  sides  have  the  plank  simply  set  on 
edge  with  pairs  of  wedges  between  them. 
There  are  seven  cleats  or  wedges  in  the 
length,  and  seven  pieces  2x4  nailed  across 
the  top  of  each.  After  setting  the  plank 
sides,  beveled  pieces  are  nailed  to  locate 
the  upper  surface  and  form  a  chamfer. 

Steel  is  wired  together  on  a  table  consist- 
ing of  plank  on  three  horses.  The  rein- 
forcement when  made  is  suspended  in  form 
by  two  wires  attached  to  each  of  the  2.x4 
cross  pieces. 

Two  days  were  usually  allowed  before 
striking  the  forms. 

GANG   MAKING   PILES. 

One  foreman    

2  laborers  on   miscellaneous  work..  @  $0.25 
4  laborers     wheeling     and     mixing 

concrete     @    0.25 

2  laborers    ramming @    0.25 

4  carpenters    @    0.43% 

4  steel    men    (2    carpenters    and    2 

laborers),    averaging    0.40 

The  concrete  gang  mixed  and  placed  con- 
crete in  10  piles  in  10  hours.  It  took  4 
carpenters  3%  hours  each,  or  a  total  time 
of  1.5  hours,  to  set  up  sides  for  5  piles  (10 
sides),  and  4  carpenters  V2  hour  each,  or  a 
total  of  2  hours,  to  take  down  the  sides  for 

5  piles.  It  took  one  carpenter  and  one 
laborer  10  hours  each  to  wire  up  5  rein- 
forcing frames  and  place  them  in  form 
ready  for  concreting. 

Each  frame  was  composed  of  four  %- 
in.  rods  in  corners  running  full  length  of 
pile,  %-in.  hoops  12  ins.  on  centers  except 


for  2  ft.  at  the  top,  where  hoops  were 
spaced  4  ins.  on  centers.  Four  additional 
Vi-in.  rods  2  ft.  long  and  a  %-in.  bent  rod 
for  hooking  the  pile  were  placed  at  this 
same  end.  A  1%-in.  pipe  was  also  placed 
in  the  center  of  the  pile. 
.  The  concrete  was  mixed  by  hand  in  thi. 
proportion  of  1-2-4,  using  %-in.  trap  rock, 
the  sand  and  cement  being  first  made  into 
a  mortar  and  the  stone  added.  A  thorough 
mix  is  of  course  essential.  Mixing  was 
started  in  March,  precautions  being  taken 
at  night  against  possible  frost  and  the  piles 
wet  down  every  day  for  two  weeks. 

The  age  of  the  piles  when  driven  ranged 
from  30  to  41  days,  the  larger  part  of  them 
being  nearer  the  shorter  age.  The  first 
pile  was  molded  on  March  24  and  driven 
on  April  24,  and  during  this  period  the 
temperature    was    low,    averaging    between 


bear  on  the  machine  by  the  dragging  of 
the  piles  from  the  casting  platform,  a  spe- 
cial driver  was  built.  The  driver  was  made 
as  follows : 

Long  leaf  hard  pine  was  used  through- 
out. The  bed  timbers  were  8x10  ins.,  18  ft. 
in  length,  the  gins  8x8  ins.,  42  ft.  long.  The 
braces  of  8x8  ins.  timber  were  run  from 
the  bed  timbers  to  the  head  of  the  ma- 
chine with  intermediate  braces  and  ties  to 
give  the  necessary  rigidity.  The  sheave 
was  of  extra  heavy  pattern  and  the  whole 
framework  was  bolted  up  and  tied  together 
with  rods.  The  cushion  head,  which  was 
perhaps  the  most  essential  item,  as  it  was 
desired  to  avoid  fracture  of  the  pile  from 
the  blows  of  the  4,700-lb.  hammer,  con- 
sisted of  a  plate  iron  collar  16  ins.  square 
on  the  inside  and  3  ft.  in  height,  which  in- 
cased an  oak  block  16x16x18  ins.  on  to  the 


Fig.  1 — Decimal  Dial  for  Stop  Watch  and  Watch  Book. 


40°  and  50°  F.,  so  that  the  piles  had  not 
attained  nearly  their  full  strength.  After 
the  driving  was  commenced  the  weather 
became  much  warmer,  and  tlie  piles  after 
the  first  few  were  noticeably  harder  and  en- 
tirely satisfactory,  even  although  the  age 
was  practically  the  same,  that  is,  about  one 
month.  The  first  pile  driven  lost  its  water 
pressure  when  about  6  ft.  below  the  sur- 
face, and  during  the  process  of  driving, 
which  reached  700  blows,  it  is  probable  that 
it  broke  when  about  half-way  down.  The 
head  of  this  pile  was  badly  crushed,  where- 
as subsequent  piles  which  had  hardened 
more  thoroughly  because  of  the  higher 
temperature  were  uninjured,  even  with  a 
similar  number  of  blows  and  higher  drops 
of  the  hammer. 

It  may  be  said,  therefore,  that  a  period 
of  one  month  for  seasoning  piles  is  suffi- 
cient during,  say,  the  months  between  May 
1  and  October  1,  but  during  the  colder 
months  a  longer  period  should  be  allowed 
unless  artificial  heat  can  be  used  to  hasten 
hardening. 

Pile  Driver  and  Hammer. — It  was  de- 
cided, after  a  careful  investigation  of  rec- 
ords of  concrete  pile  driving  both  in  this 
country  and  Europe,  to  use  a  4,700-lb.  ham- 
mer. With  a  view  to  the  use  of  the  heavy 
hammer   and   the   side   strains   brought   to 


bottom  of  which  six  thicknesses  of  rope 
and  four  layers  of  rubber  belting  were 
nailed.  The  cushion  head  was  held  in  place 
in  the  gins  of  the  machine  by  four  perpen- 
dicular pieces  of  oak  on  the  outside  of  the 
collar  and  bolted  through  the  incased  oak 
block.  A  25  h.  p.  Lambert  engine  was 
used  and  a  single  block  for  hoisting  and 
churning  the  piles. 

The  water  for  jetting  was  furnished 
through  a  2%-in.  Bay  State  hose,  using  a 
compound  piston  pump  having  7xl2-in.  high 
pressure,  and  12xl2-in.  low  pressure  cylin- 
ders, and  a  capacity  of  100  gallons  per  min- 
ute. This  was  the  most  unsatisfactory  part 
of  the  entire  work,  the  water  pressure  be- 
ing variable  and  uncertain  and  125  lbs.  the 
limit  of  pressure  obtainable  at  the  pump. 
,  Driving  Piles. — The  usual  process  of 
driving  consisted,  after  moving  the  pile 
driver,  in  hooking  and  dragging  the  pile 
and  lifting  it  to  place  and  attaching  the 
hose,  or  attaching  the  hose  first  and  then 
hoisting. 

As  already  shown  the  casting  of  the  piles 
with  tips  and  butts  alternating  is  econom- 
ical of  space,  but  where  the  piles  are  cast 
so  as  to  be  handled  directly  by  the  pile 
driver,  without  any  intermediate  handling, 
it  is  best  to  cast  them  all  with  the  butts 
toward  the  machine  on  account  of  the  sav- 
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iiig  of  time  ii)  gclting  the  pile  into  the  gins 
of  the  machine.  When  the  pile  is  cast  with 
the  hiitt  end  toward  the  machine  the  pile 
can  be  hfted  ihrcclly  into  the  gins,  while, 
when  the  pile  is  cast  with  the  tip  end  to- 
wards the  macliinc,  it  must  be  chained  and 
dragged  in  front  of  the  machine  before  it 
can  be  hoolvi-d  in  the  usual  manner  and 
lifted  to  place 

Care  must  be  taken  when  making  the 
pile  to  place  tlie  hook  for  hoisting  in  rela- 
tion to  the  projecting  nozzle  for  jetting  so 
that  the  hoisting  rope  will  not  foul  the 
hose  whcji  the  pile  is  being  raised  into  po- 
sition. To  facilitate  setting  the  pile  into 
the  gins,  a  crutch  of  1-in.  iron  was  made 
with  a  I'-'xl'-'-in.  square  key  at  one  end 
with  a  long  handle  to  replace  the  peevy  or 
cant  dog  ordinarily  used  for  wood  piles. 
As  soon  as  the  hose  was  attached  and  the 
pipe  in  place,  the  water  was  turned  on  and 
the  pile  usually  penetrated  for  a  short  dis- 
tance without  the  hammer.  The  hammer 
was  then  placed  on  the  cushion  and  the 
pile  sank  further  to  a  depth  depending  upon 
the  nature  of  the  fill.  Xext  the  hammer 
was  attached  to  the  pile  with  a  chain  and 
the  churning  commenced.  There  was 
enough  play  in  the  chain  connection  be- 
tween the  hammer  and  the  pile  to  give 
about  a  10-in.  blow  of  the  hammer  each 
time  the  pile  was  lifted.  When  this  churn- 
ing became  ineffective,  the  chain  was  dis- 
engaged and  the  pile  was  driven  with 
blows  in  the  usual  manner. 

GANG  ON  PILE  DRIVING. 

On.    f'r.inan  at  J0.50  pirr   hour t  4.00 

•  man  at  JO.SO  per  hour 4.00 

man  at  J0.25 2.00 

!i  at  12.511  per  8  hours 17.50 

Total  gang  per  8   hours $27.50 

In  addition  to  tifis  gang  2  carpenters 
were  called  in  occasionally  for  repairs,  and 
2  other  laborers  were  busy  most  of  the 
time  in  connection  with  cutting  off  piles, 
digging  holes  and  odd  work. 

Gross  Times  Driving. — For  convenient 
ulated  in  Table  I,  together  with  some  of 
reference  gross  times  driving  piles  are  tab- 
the  more  important  details.  The  times,  for 
example,  are  separated  into  "Moving 
Driver,"  "Placing  Pile,"  "Driving"  and 
"Delays";  and  the  "N'umbcr  of  Blows,"  the 
"Kange  in  Drop"  of  hammer,  and  tlie  drop 
and  penetration  under  "Last  Blow"  are  also 
given. 

.M>out  half  of  the  delays  in  Columns  11 
and  12  arc  avoidable.  It  will  be  seen  that 
the  total  average  time  per  pile  is  2  hours 
and  15  minutes,  of  which  29  minutes  is 
moving  driver,  2^)  minutes  placing  pile  and 
83  minutes  driving.  This  corresponds  to 
an  average  of  'AM  piles  per  8  hours,  which 
agrees  with  the  time  that  can  be  figured 
directly  from  the  beginning  to  end  of  the 
job.  As  the  men  became  more  expert  in 
moving  the  driver  and  placing  the  piles, 
it  was  possible  to  reduce  the  time  to  1% 
hours,  as  shown  by  the  average  during  the 
last  four  days.  Even  this  includes  about 
one-half  hour  moving  pile  driver,  which 
was  unnecessarily  long  because  of  imper- 
fect rolls. 


The  time  driving  was  greatly  increased 
by  the  poor  water  pressure.  Taking  an 
average  of  It!  piles  whose  time  was  less 
than  tiO  minutes,  and  which,  therefore, 
might  be  assumed  to  have  gone  down  fairly 
well,  the  time  during  the  driving  was  -11 
minutes,  thus  giving  a  total  of  I  hour 
and  24  minutes  per  pile,  or  5.75  piles  per 
day  instead  of  3.5  piles  per  day. 

It  therefore  may  be  assumed  on  another 
job  of  similar  character  that  an  average  of 
at  least  5?i  piles  may  be  driven  per  day. 
By  using  perfect  rolls,  molding  piles  with 
butts  toward  pile  driver,  and  using  good 
water  pressure,  this  number  may  be  still 
further  increased.  From  a  study  of  the 
individual  items,  times  may  be  selected  and 
estimates  made  which  will  apply  to  other 
locations  and  other  conditions. 

Instances  of  Hard  Driving. — One  of  the 
first  piles  that  was  driven  probably  struck  a 
large  bowlder  at  18  ft.  below  the  surface. 
The  pile  was  given  "I'io  blows,  using  drops 
of  the  hammer  of  from  18  to  30  in.  Ai 
this  stage  the  head  was  so  badly  crushed 
that  the  driving  was  stopped  and  the  pro- 
jecting portion  of  the  pile  cut  off.  To  see 
what  effect  this  tremendous  pounding  witli ' 
a  4,'00-lb.  hammer  had  on  the  pile,  after 
squaring  off  the  crushed  head  it  \\'as  sent  to 
the  Watertown  Arsenal  to  be  tested.  The 
Arsenal  report  was  as  follows : 

TESTS    BY    COMPRESSION.    CONCRETE 
PILE    NO.    13.822. 

Length,  9   ft.   3   In. 

Size  of  butt,   12.9  in.  by  13.75  In. 

Size  of  tip.  11.15  in.  by  11.75  in. 

Weight,  1,458  pounds. 

Cross-sectional  area  (smaller ^ end),  128.59 
sq.  In. 

Ultimate  strength,  497.000  lb.  —  3,865  lb. 
per  sq.   In. 

Remarks:  Pile  failed  at  smaller  end,  open- 
ing oblique  and  longitudinal  cracks. 

Attention  should  be  called  to  the  fact  that 
the  pile  failed  at  the  smaller  end  and  not 
at  the  end  receiving  the  hammer  blows. 
This  indicaiis  that  the  pile  was  not  mate- 
rially damaged  by  the  severe  hamincring  it 
received,  except  at  the  immediate  point  of 
contact.  An  examination  of  tests  of  rein- 
forced columns  at  the  Watertown  Arsenal 
shows,  for  columns  of  the  same  proportions 
of  concrete  and  same  age,  and  reinforced 
with  four  longitudinal  rods  varying  from 
%  in.  to  1%  ins.  a  range  of  2,00U  to  3,000 
lbs.  per  sq.  in.  based  on  the  total  cross 
section  of  the  concrete  and  steel.  It  will, 
therefore,  be  seen  that  notwithstanding  the 
severe  treatment  of  the  pile  in  driving,  the 
ultimate  strength  was  considerably  higher 
than  the  average  strength  of  similar  col- 
umns. Evidently  the  strength  of  the  pile 
was  not  appreciably  affected  by  the  driving 
or  by  the  crushing  of  the  head. 

Cost. — The  costs  of  the  materials  and  the 
lalior  arc  tabulated  in  detail  in  Table  II. 
The  labor  costs  are  taken  from  the  time- 
keeper's record,  but  are  sufficiently  subdi- 
vided to  be  useful  for  other  jobs  of  a  dif- 
ferent character.  The  items  which  vary 
directly  with  the  number  of  piles  arc  Sfp- 
araleil  from  the  costs  which  are  independ- 
int  of  the  number  of  piles,  but  must  be  ap- 
plied  to  any   job   as   a   constant   expense. 


Only  a  few  items  depend  upon  the  char- 
acter of  the  ground. 

The  lumber  for  iJie  forms  (except  the 
platform)  is  assumed  to  be  a  constant  for 
any  job,  because  it  can  be  used  over  and 
over.  The  size  of  the  platform  must  vary 
with  the  number  of  piles. 

The  pile  driver  for  any  one  job  is  fig- 
ureil  at  25  per  cent  of  the  initial  cost  for 
depreciation  and  interest,  but  the  cost  of 
repairs  is  included  in  the  items  which  vary 
with  the  number  of  piles. 

The  costs  which  are  variable  are  given 
per  linear  foot  of  pile  for  subsequent  use. 
It  will  be  seen  that  the  total  co.st  per  linear 
foot  of  pile  on  this  particular  job  was  about 
$1.63.  If  the  length  of  piles  differed  great- 
ly from  those  given,  it  might  be  necessary 
to  still  further  separate  the  cost  to  provide 
for  this. 

T.\BI.K   ir^i'OST  OK   IiRIVINi:   PII.KS  ON 
B.   W.  H.   &    R.   COMPANY  JOB. 

Costper 
linear 
Total        foot 
costs,     of  pile. 

(1)  6,000  ft.  B.  M.  plank  for 

platform    fi     (ti.;:r,.4 137.50-10.0256 

(Lumber  cost  }25  per 
thousand  and  assumetl 
to  be  used  four  times.) 

(2)  350  ft.  B.  M.  foi   cham- 

fer   @    J30 10.50     0.0072 

(3)  25    lb.    spikes    for   plat- 

form    @    .03 

(4)  20   lb.    9d.    ®    .03 

(5)  8  lb.  4d.   9  .04 1.67     0.0011 

(G)  50  tons  crushed  stone  ® 

SI. 50     75  00  0.0512 

(7)  18H  yd     sand    @   Sl.OO.  .  1S.5U  0.0126 

(8)  69^  bbl.  cement  &  }1.S2  126.49  0.0S64 

(9)  192  pes.  's  In.  by  30  cor- 

rugated    bars,     15,33J 

lb.,    9    2.65c 406.32     0.2670 

(10)  34>4-in.  bars,  by  4S  piles 

by  5  ft.  0  In..  1,958  lb.. 

@   3.00c    58.74     0.0401 

(11)  S,lt;0   ft.    No.      14      wire, 

163  1-5   lb.,    ®    »0.04>*.  7.34     0  0050 

(12)  4   PCS.   H-ln.  bars  by  48 

piles  by  2  ft.  6  In.  -- 
480  ft.  =:  408  lb.,  fi 
$2.85     11.62     0.0079 

(13)  48    2-ln.    nipples.    13    in. 

long.  ©■  $0.15 7.20     0.0049 

(14)  48  2-in.    by  IH    In.   ells. 

e  $0.12  5.76     0.00J9 

(15)  1.440    ft.     g.     I.     pipe     ii 

$3.51   per  100 50.56     0.0346 

<16)  48  hook.-*,   W   $0.25 12.00     0.0082 

(17)  Bending  and  placing  r-'- 

Inforcoment    -'.s 

(IS)  I^ilxir  (in  pile  platform.  .'S 

(19)  Labor  on   forms T2 

(20  Labor  nn  eonercte...  I 

(21)  Superintendence    ...  13 

(22)  Pile   driving    labor...  .'21 

(23)  Cutting    slot    In    tip    of 

pile    3.00     0.0020 

(24)  Repairs  to     pile     driver 

and  cushion   '"■2t 

(25)  Cutting  off  broken  plies  'It 

(26)  Rent  nf  engine .'7 

(27)  Superintendence    42  "u     o.02S6t 


Total    cost    $1,731.17 

Cost    per    ft.     var>-Ing    with 

number  and  length  of  piles  $1.1705 

Items    Constant  for   Each   Job. 

(28)  2.80n  ft    B.  M.  plank  for 

r.n.-  ■il.V.'i  -9  25.4 $      17.50 

(29)  ?■  \l.   plank   for 

7.60 

(30)1  - '.To  of  $l>t8  21     49.55 

(31)  GitUiig    ready.    2    days. 

©    $30 60.00 

(32)  Teaming,     pile      driver, 

etc 34.55 

(33)  Removing   driver 34.61 

Total  cost  per  Job $203.71     0.1391 

Total  estlmaL.l   net   .■...•*(   per 

lln.  ft.  If  $1.3096 

Add   2r.''<-   r 

necttons.  •  ;.  "I 

profit    .3274 

$1.63 

*After  deducting  $60  aasumed  as  constant 

•'getting  ready." 

tOnly  Items  affected  by  rharaeter  of 
ground. 
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.\  study  of  the  various  items  taken  in 
connection  with  a  study  of  the  detail  times 
suggests  various  places  where  the  cost  may 
be  altered  for  other  jobs. 

For  example,  an  inspection  of  the  costs 
shows  that  the  cost  of  the  reinforcing  steel 
is  over  one-third  the  cost  of  the  piles. 
From  the  fact  that  piles  withstood  the 
severe  usage  given  by  the  pile  driving,  it 
is  probable,  if  the  piles  are  not  over  30  ft. 
long,  that  %-in.  steel  instead  of  %-in.  could 
be  used  for  the  corner  rods,  with  extra  re- 
inforcement near  the  butt,  as  in  the  pres- 
ent case.  The  size  of  these  rods  can  be 
determined  by  figuring  the  stress  in  them 
during  the  process  of  raising  the  pile  to 
place.  The  pile  is  then  a  beam  supported 
at  the  ends  and  carrying  its  own  weight, 
which  must  at  least  be  doubled  to  provide 
for  swaying  incident  to  the  raising.  The 
cost  of  the  item  of  steel  and  labor  would 
in  such  cases  be  varied  accordingly. 

The  labor  on  concrete  appears  large,  and 
might  probably  be  reduced  on  another  sim- 
ilar job  from  $111  to  about  $74.  This  is 
based  on  the  fact  that,  while  on  the  aver- 
age only  6  piles  were  made,  toward  the 
latter  part  of  the  making  9  piles  were  made 
on  one  day  and  10  piles  on  another,  so  that 
an  average  of  8  piles  should  be  possible 
with  the  given  gang.  This  is  especially 
probable  because  the  cost  of  making  and 
placing  the  concrete  was  $2.32  per  pile,  or 
$2.25  per  cu.  yd.,  whereas  the  writer's  data 
on  hand  mixing  indicate  that  the  cost 
should  not  have  exceeded  $1.50  per  yd. 

With  reference  to  the  time  and  cost  of 
the  driving,  it  must  be  taken  into  consid- 
eration that  the  job  was  a  small  pne,  only 
48  piles  being  needed ;  that  the  work  was 
of  an  untried  character,  and  also  that  the 
conditions  were  unfavorable,  especially  as 
regards  the  water  pressure.  On  a  large 
job,  in  ordinary  ground,  where  large  stones 
or  obstructions  are  not  likely  to  be  en- 
countered, the  number  of  piles  driven  per 
day  should  be  greatly  increased.  A  study 
of  the  detail  log  of  the  driving  tests 
and  a  comparison  of  these  times  with  de- 
tail records  taken  on  other  jobs,  in- 
dicate that  the  average  time  per  pile 
driven  with  the  aid  of  a  water  jet  may 
be  easily  reduced  to  one  hour,  while  if  the 
ground  is  very  soft,  the  average  time  per 
pile,  including  the  moving  of  the  driver. 
need  not  be  over  40  minutes.  One  hour 
per  pile  corresponds  to  8  piles  per  eight- 
hour  day,  instead  of  3%  piles  per  day.  The 
estimated  time  on  the  items  near  the  foot 
of  the  cost  table,  which  is  inversely  pro- 
portional to  the  total  number  of  piles  given, 
would  be  decreased  on  a  job  having  200 
piles  from  $0,130  to  $0,035  per  foot  of  pile. 
This,  together  with  the  reductions  noted 
above,  and  the  assumption  of  8  piles  driven 
per  eight  hours,  would  bring  the  estimated 
cost  per  linear  foot  down  to  $1  net,  or, 
with  25  per  cent  allowance  for  pump  hose 
connections,  incidentals  and  profit,  to  $1.25 
per  linear  foot.  In  soft  ground,  and  where 
conditions  are  specially  favorable,  a  still 
lower  estimate  is  possible. 


A  few  of  the  items,  such  as  the  nipples 
and  short  bars,  are  constant  per  pile,  that 
is.  are  independent  of  the  lengths  of  the 
pile,  so  that  in  a  close  estimate  for  longer 
or  shorter  piles  they  should  be  separated 
out  or  allowed   for  by  inspection. 

.-\s  it  assumed  in  the  estimate  in  the 
last  column  that  5%  piles  are  driven  in  8 
hours,  the  total  cost  for  harder  or  softer 
ground  can  be  estimated  by  assuming  the 
number  of  piles  to  be  driven  per  day  and 
varying  the  items  marked  with  a  t  accord- 
ingly. 

Records  of  si.x  of  the  typical  piles  are 
plotted  and  the  curves  are  shown  on  the 
diagram    (Fig.   2). 

The  full  curves  in  Fig.  2  show  the  por- 
tion of  the  driving  where  the  water  pres- 
sure was  on  and  the  dotted  lines  the  driv- 


shown  by  slight  drop  in  curve.  Then  by 
increasing  the  height  of  the  blow  it  started 
down  again.  Time,  23  minutes  with  118 
blows. 

On  pile  F  they  first  began  jerking  the 
pile  after  each  blow,  and  this  method  ap- 
pears to  be  affective  provided  ground  is 
soft  enough  to  actually  lift  pile  readily. 
In  hard  ground  it  is  ineffective.  Drop  of 
hammer  was  increased  from  0.5  ft.  to 
finally  4  ft.  Time  driving,  24  minutes  with 
185   blows. 

Pile  Y  was  not  churned  or  lifted  after 
first  blow  or  two,  but  went  down  with 
light  blows.  Time,  30  minutes,  225  blows. 
Pressure  good. 

The  curve  of  pile  B  is  given  to  illus- 
trate hard  driving,  due  to  lack  of  water 
pressure.     The    water   pressure   stopped   at 
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Fig.  2 — Typical   Penetration   Curves  for  Reinforced    Concrete  Piles. 


ing  after  it  had  been  cut  off  by  the  filling 
of  the  pipe  at  the  tip  of  the  pile.  This 
stoppage  was  not  necessarily  due  to  the 
design  of  the  pile  or  to  the  method  of 
driving,  but  chiefly  to  the  insufficient  capac- 
ity of  the  pump. 

The  flattening  out  of  the  curves  indicates 
difficulties  in  driving,  usually  because  of 
the  poor  water  pressure.  In  certain  cases 
irregularities  indicate  the  striking  of  ob- 
structions, and  when  the  pile  is  slightly 
jerked  ground  is  lost  instead  of  gained. 

Curves  of  piles  N,  F  and  Y  are  given 
to  show  good  driving,  the  pressure  re- 
maining on  most  of  the  time,  and  the  to- 
tal net  time,  omitting  all  unnecessary  de- 
lays, being  from  23  to  30  minutes. 

Piles  F  and  Y  show  also  that  if  a  greater 
drop  of  hammer  had  been  used  at  the  start 
they  would  probably  have  approached  near- 
er the  A'. 

In  driving  pile  .V  at  24-ft.  depth,  the 
hammer  was  allowed  to  just  tap  the  top  of 
the  pile  with  no  impact,  and  the  pile  being 
slightly    churned,    the    loss    of    progress    is 


11%-ft.,  as  shown  by  the  sudden  break  in 
curve  at  this  point.  Total  time  driving 
pile  was  83  minutes  with  895  blows. 

In  the  curve  of  pile  O  there  is  an  in- 
teresting break  at  the  depth  of  about  20  ft., 
where  an  effort  was  made  to  assist  the 
pile  by  churning  or  jerking,  and  ground 
was  lost  by  doing  so,  and  the  pipe  was 
also  allowed  to  plug.  As  soon  as  the  ham- 
mer was  allowed  to  drop  in  the  usual  way 
the  penetration  began  again,  but  647  blows 
and  70  minutes  by  net  time  were  required 
to  carry  it  to  its  full  depth.  At  a  depth  of 
2%  ft.  an  obstruction  was  met.  as  indi- 
cated by  the  curve,  and  a  small  broken 
piece  of  timber  came  up  beside  the  pile. 
-Another  reason  for  the  flat  pile  of  curve 
O  is  that  the  ground  was  usually  hard. 

Pile  17  was  driven  in  an  experimental 
fashion  to  determine  the  effect  of  the  jerk 
at  the  end  of  each  blow.  The  curve  is 
uniform  throughout,  showing  that  this 
jerk  is  absolutely  ineffective  in  hard  ground. 
In  this  pile,  as  noticed,  the  height  of  drop 
was  increased  to  8%  ft. 
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Earth  and  Rock  Section 


Note:  I  his  Scctiiin  i>dc\otcil  to  methods  and  costs  of  e\ca\aliii>;  i-nrth  aiitl 
rock  and  huildinu  cnihankmcnts.  It  will  comt  the  uradinn  of  roads  and  rail- 
roads, diking  and  canal  work,  drcd^inK.  buildint:  reservoirs  and  earth  dams, 
sewer  and  water  pipe  trenching;,  quarrying,  etc. 


Method  and    Cost  of  Quarrying    and 
Clashing  Rock  Ballast  at  the  Hog 
Mountain  Plant  of  the  Dela- 
ware,    Lackawanna     & 
Western    Ry.,    with 
Some    Costs    of 
Ballast    in 
Track.* 

Early  in  l!'"")  the  i-OMip.iny  acquired  by 
purchase  near  Boonlon.  N.  J.,  a  granite 
quarry  and  crusher  plant,  together  with 
other  equipment  in  the  way  of  cars,  ma- 
chinery, etc.,  that  were  utilized  by  a  con- 
tractor in  connection  with  the  construction 
of  a  large  masonry  dam  for  a  reservoir. 
This  work  having  been  completed  by  the 
contractor,  the  Lackawanna  Railroad  Com- 
pany acquired  about  3  miles  of  railroad 
running  from  its  main  line  to  the  quarry 
plant,  together  with  about  56  acres  of 
ground,  tracks  at  crusher  plant,  etc.  In 
adapting  this  plant  to  our  use  and  rear- 
ranging the  tracks  and  crusher  layout  to 
meet  our  requirements,  we  expended  at  the 
outstart  $21.0'M.:t:l,  and  sold  from  the  con- 
tractor's outfit  certain  equipment  not  re- 
quired by  us,  which  sale  netted  us  $18.- 
I.i0.;il,  making  the  net  cost  to  us  of  the 
quarry  and  plant  at  the  time  we  started 
operating  the  crusher  f2r),24').i'2. 

The  material  obtained  from  this  crusher 
plant  is  a  very  good  quality  of  New  Jersey 
granite,  weighing  2.79v)  lbs.  per  cu.  yd.  of 
crushed  stone. 

The  quarry  was  well  opened  up  when  we 


•Desorlpllon  »>>•  .Mr.  Lincoln  Bush.  Chief 
Enirlnffr.  D..  L,.  &  W  Ry..  cmbodlpd  In  re- 
port i>f  Ommlttt"'  on  Halla.stlnK.  American 
Railway  KnglneerInK  and  Maintenance  of 
Way  Association. 


.nciiiiri<l  it  irmn  the  coiiir;ii|..r,  aii^l  tlic 
face  of  the  quarry  has  a  depth  of  from  2'J 
to  tilt  ft.  and  a  length  of  about  2.200  ft. 
The  stripping  on  top  of  the  quarry  will 
average  about  2V4  ft.  The  crusher  ma- 
chinery was  manufactured  by  the  .Mlis- 
Chalmers  Co.,  and  consists  of  one  No.  8 
and  t>ne  No.  tJ  crusher,  with  a  large  bucket 
conveyor  for  conveying  the  broken  stone 
from  the  crusher  to  the  screens.  There  is 
one  large  48-in.  diameter  screen,  consislini; 
of  three  sections,  each  4  ft.  in  length,  with 
ringings  from  %-in.  to  2V4  ins.  in  diameter 
and  a  dust  jacket  for  separating  the  ma- 
terials. Materials  which  pass  through  the 
%-in.  ringing  are  not  used  for  track  bal- 
last. The  ballast  product  is  conveyed  on 
a  Robbins  belt  conveyor  and  deposited  into 
a  system  of  bins :  the  finer  material  and 
dust  pass  directly  over  the  dust  jacket  into 
the  dust  bin.  The  percentage  of  fine  ma- 
terials, i.  c.,  dust  and  Vi-in.  stuff,  runs 
from  12  per  cent  to  14  per  cent  of  the  total 
output.  The  grades  of  tracks  at  the 
crusher  plant  arc  so  arranged  as  to  handle 
the  cars  after  being  placed  by  gravity. 
There  is  a  powder  magazine  located  on  the 
property  which  has  a  storage  capacity  for 
about  10  tons  of  powder  and  explosives. 
There  is  also  a  water  system  for  the  boilers 
lind  a  sprinkling  plant  to  keep  down  the 
dust.  The  maximum  grade  of  the  track 
connecting  our  main  line  with  the  quarry 
is  3  per  cent  ascending  to  the  quarry,  and 
in  handling  our  ballast  we  have  been  utiliz- 
ing a  locomotive  which  will  handle  14 
empty  Rodger  ballast  cars  up  this  3  per 
cent  grade.  The  larger  part  of  the  stone 
is  handled  from  the  quarry  to  the  crusher 
plant  by  means  of  a  derrick  system,  the 
face  of  the  quarry  being  located  quite  close 


to  the  crusher  plant.  \Vc  have  in  use  6 
large  derricks  with  'M)-it.  masts,  which, 
with  G  hoisting  engines  operated  in  con- 
nection with  the  derrick  system,  handle  thf 
stone  in  large  stone  boxes.  The  stone  i% 
quarried  from  the  top  of  the  face  by  a 
stepping  system.  To  pass  into  the  No.  6 
crusher  the  stone  has  to  be  broken  up  in 
sizes  from  10  in.  to  20  in.  The  breaking 
of  the  material  is  done  with  a  system  of 
block  hole  drills,  placing  holes  from  C  ins. 
to  12  ins.  apart,  depending  upon  the  size 
of  the  stone  to  be  broken.  We  use  from 
3  to  C  block  hole  drills  per  day  in  breaking 
up  the  larger  stone  and  some  of  the  smaller 
stones  are  sledged  instead  of  being  block 
holed.  In  addition  to  the  derrick  system 
at  this  plant  we  also  have  a  car  system, 
by  means  of  which  cars  loaded  with  stone 
from  the  quarry  are  dropped  by  gravity 
to  the  crusher.  These  cars  have  from  12 
to  16  cu.  yds.  capacity,  and  when  the  cars 
re.ich  the  crusher  plants  are  dumped  by 
one  of  the  derricks.  The  bottom  of  these 
cars  is  constnicted  of  wood  and  metal, 
with  a  chain  attached,  and  the  false  bot- 
tom of  the  car  is  picked  up  on  one  end  by 
the  derrick,  and  the  stone  dumped  by  this 
means  without  manual  handling.  .After  the 
cars  have  been  dumped  at  the  crusher  they 
are  returned  to  the  quarry  by  a  haulage 
system,  operated  by  a  hoisting  engine.  The 
stripping  from  the  top  of  the  quarry  is 
disposed  of  by  piling  it  back  from  the  face 
of  the  quarry.  In  operating  the  quarry 
and  crusher  we  have  employed  an  average 
ol  12.5  men,  including  rock  men,  drill  men, 
engineers,  mechanical  men  and  laborers  re- 
quired at  the  quarry  and  crusher.  We  em- 
ploy two  blacksmiths  for  handling  the  drill 
work  and  a  pipefitter  for  taking  care  of 
the  steam-pipe  system  and  steam  drills. 
One  mechanical  foreman  with  the  neces- 
sary help  has  charge  of  the  crushing  plant 
and  one  general  foreman  has  charge  of  the 
quarry.  One  engineer  handles  the  engine 
in  the  crusher  plant  and  one  fireman  does 
the  firing.  We  also  utilize  a  150-HP. 
'boiler  for  generating  steam  for  the  drills. 
and  in  addition  to  this  we  have  two   150- 
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HP.  boilers  for  furnishing  tlie  balance  of 
power  for  the  derricks  and  at  the  crushers. 
We  started  operating  the  quarry  and 
crusher  plant  in  May,  1905,  and  Table  I 
is  a  detailed  monthly  statement  of  the  cost 
of  operations  at  this  plant  from  May,  IPOo, 
to  August,  1906,  both  inclusive.  The  plant 
was  shut  down  on  January  16,  1906,  and  or 
erations  resumed  in  March,  1906.  The  de- 
tailed statements  of  the  cost  of  quarrying 
and  crushing  stone  at  this  plant  have  been 
carefully  kept  and  are  reliable  as  to  the 
cost  as  well  as  to  output.  The  cost  in- 
cludes the  quarrying  and  crushing,  and  in- 
cludes the  material  loaded  on  cars  at  the 
bins. 

We  have  used  the  crushed  stone  from 
this  plant  at  various  points  along  our  line 
on  the  Morris  and  Essex  Divisions,  and 
during  the  present  season  we  put  on  a  bal- 
last gang  for  ballasting  a  4%-mile  section 
of  double  track  located  between  Hopatcong 
and  Wharton,  N.  J. 

In  handling  the  ballast  on  this  4-V2-miIe 
section  we  had  an  average  of  31  laborers  at 
14  cts.  per  hour  per  day  of  10  hours  and 
one  foreman  at  $75  per  month.  In  addi- 
tion to  the  regular  ballast  gang  we  had  8 
section  laborers  on  the  4%-niile  section 
that  were  employed  in  digging  out,  chang- 
ing ties,  placing  arain  tile  and  filling  fo' 
changes  in  alinement  and  easement  curves. 
The  amount  of  ballast  used  on  the  4%-mile 
section  of  double  track  was  28,458  cu.  yds.. 
or  an  average  of  6,324  cu.  yds.  per  mile  of 
double  track.  The  average  distance  which 
the  ballast  was  hauled  from  the  crusher  to 
the  section  ballasted  was  13  miles.  On  the 
4%-mile  section  of  track  ballasted  there 
was  a  total  length  of  curve  line  of  1.5C 
miles  and  a  total  length  of  tangent  of  2.94 
miles.  We  used  in  this  w-ork  24  Rodger 
ballast  cars,  and  in  figuring  the  cost  of 
transportation  the  cars  were  placed  at  a 
value  of  $600  each.  Our  records  show  a 
cost  of  bVz  cts.  per  cu.  yd.,  covering  trans- 
portation charges,  interest  on  the  Rodger 
ballast  cars  valued  at  $600  each  at  5  per 
cent,  plus  interest  at  5  per  cent  on 
the  net  investment  of  the  quarry  and 
crusher  plant.  The  cost  for  quarrying, 
crushing  and  loading  cars  at  the  crushing 
plant  was  55  cts.  per  cu.  yd.;  the  cost  of 
placing  ballast  under  track,  including  lin- 
ing, surfacing  and  dressing,  was  20%  cts. 
per  cu.  yd.,  making  a  total  cost  per  cubic 
yard  of  the  ballast  in  the  track  of  81  cts. 
for  the  4%-mile  section  above  described. 

On  the  west  end  of  our  Bufifalo  Division 
we  have  an  accurate  record  of  the  cost  of 
27,120  cu.  yds.  of  crushed  limestone  ballast 
put  in  on  a  stretch  of  double  track  during 
the  season  of  1906.  For  this  work  we  pur- 
chased the  crushed  stone  delivered  to  us 
in  our  own  Rodger  ballast  cars  at  an  av- 
erage cost  of  $0.6017  per  cu.  yd.,  and  re- 
ceived an  average  of  222  cu.  yds.  per  day, 
the  quarry  being  located  on  our  own  lines. 
Thirty  Rodger  ballast  cars  were  used  for 
this  work  and  the  average  haul  was  13.4 
miles.  The  ringing  used  in  preparing  this 
ballast  was  from  %-in.  to  2%  ins.  diameter 


and  the  stone  weighed  2,410  lbs.  to  the 
yard.  As  above  stated,  we  received  on  an 
average  222  cu.  yds.  per  day,  and  a  larger 
quantity  per  day  would  have  reduced  the 
cost  per  yard  somewhat.  In  comparing 
this  cost  with  the  cost  of  ballasting  with 
materials  obtained  from  the  Boonton 
crusher  plant,  it  will  be  noted  that  the  bal- 
last on  cars  from  the  Boonton  plant  cost 
practically  5  cts.  per  cu.  yd.  les^  than  the 
material  used  on  the  BufTalo  Division.  The 
work  on  the  Buffalo  Division  cost  a  total 
of  88.1  cts.  per  cu.  yd,  in  track,  which  cost 
included  the  material,  engine  service,  labor, 
tie  renewals,  and  spacing,  and  interest  on 
ballast  car  equipment. 


Comments  on  Dump  Wagons. 

(Continued  from  p.  209,   March  17,   1909.) 

The  Victor  dump  wagon  is  manufac- 
tured by  the  F.  H.  Hieber  Wagon  Manu- 
facturing Co.,  of  Pittsburg,  Pa.  The  dis- 
tinguisliing  device  of  the  Victor  is  the 
ratchet  and  pall  for  dumping  the  load  and 
winding  the  doers,  which  is  on  the  side 
of  the  wagon.  This  device  is  operated  by 
a  single  lever,  and  it  is  claimed  that  much 
time  is  saved  by  its  quickness.  The  de- 
vice is  located  just  in  front  of  the  dump 
box  and  the  chain  controlling  the  doors 
runs  under  them.  The  winding  and  dump- 
ing device  is  very  simple.  Two  pawls  or 
dogs  operate  the  ratchet  wheel.  One  holds 
the  load  until  it  is  released  by  the  lever 
for  dumping  and  the  second  one  winds 
up  the  doors. 

The  wagon  has  a  fifth  wheel  and  tran- 
som plate  in  one  piece.  The  hinges  on  the 
doors  are  well  up  on  the  sides  of  the  body, 
thus  allowing  them  to  swing  free  of  the 
load.  •  A  1%  cu.  yd.  wagon  weighs  2,025 
lbs. 

The  Briggs  Labor  Saving  Specialty  Co., 
of  Waterloo,  la.,  manufacture  a  bottom 
dump  wagon.  The  doors  open  across  the 
box  and  slide  up  rods  when  passing  over 
obstructions,  which  allows  the  doors  to 
clear  the  load  if  it  is  so  desired.  The  rear 
door,  however,  can  be  controlled  by  means 
of  clarrips,  thus  holding  it  to  any  desired 
height,  and  in  this  way  it  can  be  used  to 
spread  the  load  as  it  passes  over  it.  It 
will  spread  material  in  layers  measuring 
from  3  ins.  up.  The  frame  of  the  wagon 
is  made  of  steel,  and  the  dump  box  hangs 
from  this  frame.  This  makes  a  low  wagon, 
a  2-cu.  yd.  wagon,  being  but  4  ft.  8  ins. 
high. 

In  addition  to  these  bottom  dump  wagons 
there  are  a  number  of  manufacturers  who 
make  dump  boxes.  These  boxes  are  wagon 
bodies  that  are  meant  to  fit  on  any  run- 
ning gear.  These  boxes  are  economical 
where  dump  wagons  are  not  needed  con- 
tinually, as  they  can  be  stored  away  and 
the  running  gear  used  for  other  purposes. 

The  Koob  dump  box  is  manufacturer  by 
the  Koob  Dumping  Wagon  Co.,  of  Moline. 
Ill,  This  box  is  readily  fitted  to  and  in- 
tended to  be  used  on  any  regular  teaming 
or    farming    gear.     The    bottom    has    four 


doors  instead  of  two,  and  these  doors  are 
not  controlled  by  chains,  but  two  bails  of 
iron  go  under  each  set  of  doors,  these 
bales  holding  the  doors  when  closed  and 
releasing  them  when  the  lever  is  thrown 
backwards.  Each  set  of  doors  is  operated 
independently,  a  lever  for  the  purpose  be- 
ing on  each  side  of  the  wagon.  The  doors 
can  be  opened  part  way  or  thrown  en- 
tirely open.  This  arrangement  allows  of 
part  of  the  load  being  dumped  in  one  place 
and  the  rest  in  another,  or  the  entire  load 
can  be  spread  out  over  a  large  area  of 
ground.  The  doors  being  narrow,  do  not 
interfere  with  the  load  after  it  is  dumped, 
as  in  the  ordinary  dump  wagon.  The 
doors  can  be  closed  by  one  motion  of  the 
lever,  and  they  are  said  to  be  sand  tight. 
The  wagon  is  short  coupled.  Nearly  all 
dump  boxes  can  be  coupled  shorter  than 
dump  wagons,  as  the  entire  body  of  the 
bo.x  can  be  used  to  hold  the  load,  while 
this  is  not  the  case  with  the  bottom  dump 
wagons. 

The  Koob  box  is  made  in  three  sizes, 
1.  1%  and  3  cu.  yds.  The  boxes  are  built 
of  white  oak  and  yellow  pine,  and  are 
heavily    ironed.    The   doors    are   of    wood. 

The  Troy  Wagon  Works  Co.  also  make 
a  dump  bo.x.  This  box  has  four  steel  doors 
instead  of  two.  It  is  built  exactly  like 
the  Troy  dump  wagon  with  the  same  dump 
device  and  the  tubular  bar  on  the  side  of 
the  wagon  to  wind  up  the  doors.  The  top 
edges  of  the  box  are  all  covered  with  iron 
to  prevent  wear  from  shovels.  The  box  is 
made  to  have  a  capacity  of  IV2  cu.  yds. 

The  Everett  Manufacturing  Co,,  of  New- 
ark, N,  J,,  manufactures  the  Everett  port- 
able dumping  box.  The  device  for  holding 
the  doors,  four  in  number,  in  place  is  a 
heavy  steel  truss  bar.  The  chains  by  which 
the  bottom  are  operated  are  fastened  to 
the  steel  tube  running  through  the  bo.x  at 
the  front  end,  and  then  pass  back  along- 
side the  box  and  down  over  the  rollers  to 
the  ends  of  the  steel  truss  bar,  to  which  it 
is  fastened  by  means  of  grab  links.  The 
entire  load  can  be  dumped  at  once  or  the 
load  can  be  spread.  To  accomplish  this  it 
is  only  necessary  to  take  up  an  equal  num- 
ber of  links  on  either  side  of  the  box,  by 
means  of  the  grab  links,  thereby  decreas- 
ing the  opening  between  the  doors,  when 
dropped ;  then  while  the  horses  continue 
to  walk,  the  load  is  distributed.  Any  slack 
in  the  chains  can  also  be  taken  up  with 
the  grab  links.  The  rod  under  the  body 
and  the  chains  on  the  sides  act  like  a  large 
band  running  around  the  body,  helping  to 
keep  it  in  shape.  Rollers  on  the  bottom 
of  the  doors  running  against  the  truss  bar 
allow  of  the  doors  closing  easily. 

The  load  is  dumped  and  the  bottom  of 
the  box  is  closed,  by  means  of  a  foot  lever, 
thus  leaving  the  driver's  hands  free  at  all 
times  to  attend  to  his  horses.  The  doors 
close  tightly  so  they  do  not  leak.  They 
are  made  of  wood,  and  each  of  the  two 
inside  doors  has  three  hinges  on  it.  The 
boxes    are    made    in    two  sizes  to    fit    any 
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Kcar,  namely  IM  and  2  cu.  yds.  Larger 
i/es  arc  made  on  special  orders. 
The  HIack  Manufacturing  Co.,  of  Chi- 
cagv.  III,  arc  the  maker:,  of  the  Chicago 
Quick  Dumper.  This  box  looks  like  the 
ordinary  body  to  a  wagon,  the  doors,  two 
in  number,  being  hinged  in  the  center  of 
the  wagon.  The  box  sits  on  the  bolsters 
of  the  wagon  and  the  entire  body  or  box 
carries  the  load.  Each  door  is  divided 
into  three  pieces,  so  as  not  to  interfere 
with  the  bolster  of  the  running  gear.  'ITie 
doors  are  opened  and  closed  without  the 
use  of  chains,  rods  being  used  for  this 
purpose.  The  doors  on  each  side  are  op- 
erated separately.  The  body  also  has  a 
tail  gate  that  can  be  let  down  like  a  farm 
wagon.  The  sides  and  ends  of  the  box 
are  >traight  up  and  down  so  that  the 
capacity  is  large.  Special  bo.xes  can  be 
built  to  tit  a  long  coupled  wagon,  but  ordi- 
narily the  wagon  is  short  coupled,  even 
for  3  cu.  yds.  capacity.  The  fact  that  the 
doors  are  not  continuous,  but  in  three  parts 
each,  also  allows  of  the  wagons  being  short 
coupled.  These  boxes  arc  made  with  capac- 
ities from  I  to  5  cu.  yds. 

The  Ohio  dump  box  is  built  by  the  Ohio 
Road  Machinery  Co.,  of  Oberlin,  O.  The 
door>  on  this  bo.x  are  four  in  number,  and 
are  held  shut  by  two  truss  bars  under  the 
box;  each  of  the  bars  is  operated  by  a 
single  chain  from  the  winding  bar  in  front 
of  the  box.  One  chain  is  on  each  side  of 
the  box.  Each  truss  bar  controls  one  out- 
side and  one  inside  door  and  is  connected 
at  the  chain.  The  end  of  each  bar  oppo- 
site the  chain  connected  end  is  suspended 
by  a  long  link  from  a  truss  hook  placed 
on  the  outside  of  the  box.  The  load  is 
dumped  and  the  doors  •wound  up  entirely 
by  levers  operated  by  the  driver's  foot, 
there  being  one  lever  to  dump  the  load 
and  another  to  wind  up  the  doors.  The 
boxes  are  made  to  fit  any  gear,  the  stand- 
ard size  being  for  a  wagon  with  .'^-in. 
bolsters,  the  Ixix  having  a  capacity  of  2  cu. 
yds.  However,  the  boxes  arc  made  of  four 
sizes.  1%,  2,  2M,  and  3  cu.  yds.  The 
weights  of  these  boxes  vary  from  635  to 
7*5  lbs. 

The  .\tkins  dump  box  is  manufactured 
by  the  Henry  M.  Glen  Wagon  Co.,  of 
Seneca  Falls.  N.  Y.  This  wagon  l)ody  has 
four  doors  and  their  movements  arc  con- 
trolled entirely  by  chains,  which  pass  along 
each  side  of  the  1k>x  and  through  it.  The 
dumping  and  winding  device  is  the  same 
as  on  the  Star  dump  wagon  built  by  this 
company.  The  workmanship  on  the  box 
is  also  similar.  The  box  is  made  to  hold 
IH  cu.  yds. 

The  .Aurora  dump  bed  is  made  by  the 
Western  Wheeled  Scraper  Co..  of  Aurora, 
III.  This  box  is  built  in  a  manner  similar 
to  the  .Aurora  dump  wagon,  and  has  the 
same  device  for  operating  the  doors.  The 
'wd  is  furnished  with  a  stub  reach,  the 
•  ich  on  the  gears  being  removed  before 
imlting  on  the  bed. 

The  Eagle  Wagon  Works,  of  .\uburn, 
N.   Y.,   make   a  dump  box   modeled  some- 


what after  their  dump  wagon.  It  fits  on  a 
regular  trucking  gear  and  sits  low.  The 
dt'ors  lap  and  are  supported  at  each  end. 
They  arc  made  of  hardwood  and  are  ironed 
with  wrought  iron.  A  hand  lever  closes 
the  doors,  while  they  are  dumped  by  a 
foot  lever.  The  ordinary  size  made  is  H4 
cu.  yds.  capacity.  The  doors  can  be  ar- 
ranged so  they  will  spread  the  load  as 
well  as  dump  it  in  a  single  pile. 

There  is  a  much  greater  field  of  useful- 
ness for  dump  boxes,  in  our  opinion,  than 
cither  manufacturers  or  contractors  ordi- 
narily suspect,  as  there  is  no  reason  why 
thiy  should  not  be  treated  as  skips  and  be 
handled  by  derricks,  locomotive  cranes,  or 
cableways,    and    thus   loaded   and   dumped. 

Cnder  the  head  of  special  wagons  we  have 
referred  to  the  Newman  wagon  or  car  as 
used  in  Chicago.  .Any  dump  box  with  the 
proper  dumping  device  and  lever  on  it  can 
be  used  in  a  similar  manner. 

The  first  dump  box  to  be  so  used,  to  the 
best  of  our  knowledge,  was  the  Chicago 
Quick  Dumper.  On  the  new  depot  in  Chi- 
cago, being  built  by  the  Chicago  &  North- 
western Ry.,  the  Bates  &  Rogers  Con- 
struction Co.  being  the  contractors,  the 
sand  and  gravel  for  concrete  is  hauled  in 
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these  dump  boxes.  .A  large  hopper  is  built 
over  the  mixing  plant.  The  load  is  driven 
up  to  the  hopper  and  a  bridle  attached  to  a 
derrick  is  hooked  onto  the  box,  which  is 
raised  over  the  hopper  and  dumped,  after 
which  it  is  returned  to  the  gear.  It  is 
slated  that  only  one  piinutc  is  consumed 
in  raising,  dumping  the  box  and  returning 
it  to  the  gear. 

One  of  the  editors  of  this  journal  timed 
a  Newman  wagon  in  unloading  onto  a 
large  stock  pile  and  with  three  men  to 
hook  on  the  bridle  a '  box  was  unloaded 
and  returned  to  the  wagon  or  car  every 
1'4  minutes.  These  boxes  were  of  3  cu. 
yds.  capacity,  as  were  the  Oiicago  Quick 
Dumper  boxes.  The  bridle  used  is  shown 
by  the  accompanying  sketch,  and  can  be 
ma<le  at  any  shop.  Four  pieces  of  steel 
with  eyes  in  them  to  receive  the  hooks 
on  the  bridle  must  be  fastened  to  the  dump 
Iwx. 

In  excavating  cellars  and  similar  deep 
pits,  these  boxes  could  be  used  in  connec- 
tion with  derricks  to  eliminate  the  steep, 
hard  pull   from  the  pit  or  cellar  and  save 


the  use  of  a  snatch  team,  as  b>-  having 
several  extra  boxes  they  could  be  lowered 
by  the  derrick  and  loaded  ready  to  be 
placed  on  the  wagon  when  it  returned  with 
an  empty  Ixjx  from  the  dump.  This  would 
mean  less  delay  to  the  wagon  than  when 
loaded  by  other  means.  In  loading  these 
boxes  they  could  be  placed  near  abreast 
and  material  caved  directly  into  the  box. 
Other  material  could  be  shoveled  into  the 
box  easily,  as  the  sides  arc  low. 

When  traction  engines  were  first  used 
to  haul  wagons,  the  latter  were  simply 
those  built  for  horses,  and  by  changing 
the  pole  they  were  adapted  to  be  coupled 
to  the  engine  in  trains.  It  was  found  that 
these  wagons  were  quickly  racked  to  pieces 
by  the  engines,  hence  the  wagon  manu- 
facturers began  the  building  of  wagons  for 
this  special  purpose.  Some  of  these 
wagons  are  meant  for  heavy  hauling  of  all 
kinds,  while  others  are  bottom  dump 
wagons  and  will  be  described  and  com- 
mented  upon   here. 

The  Troy  Wagon  Works  Co.,  of  Troy, 
Ohio,  has  lately  placed  such  a  wagon  on 
the  market.  This  wagon  or  car  is  built 
in  a  manner  similar  to  this  company's 
dump  wagon,  with  the  tubular  bar  on  the 
side  of  the  wagon  to  control  the  doors, 
which  arc  of  steel.  It  is  a  reversible  wagon, 
that  is  the  two  sets  of  wheels  are  of  the 
same  size,  and  the  wagon  will  run  in 
either  direction  equally  well.  This  saves 
turning  the  whole  train  of  wagons,  allow- 
ing the  wagons  to  be  dumped  while  the 
engine  is  being  turned  and  attached  to  the 
other  end  of  the  train.  However,  this 
wagon  will  turn  in  a  small  space.  The 
capacity  of  the  wagon  is  3  cu.  yds.,  the 
wheel  base  6  ft.  10  ins.,  height  6  ft.  3H  ins. 
and  the  total  length  12  ft.  2  ins.  By  the 
pivot  axle  arrangement  the  load  is  car- 
ried directly  and  practically  at  the  ends  of 
the  axle.     The  wheels  have  4-in.  tires. 

For  some  years  the  Port  Huron  Engine 
&  Thresher  Co.  have  manufactured  a  car 
or  wagon.  The  running  gear  is  made  of 
steel,  the  wheels  having  wrought  iron 
spokes.  The  frame  and  body  are  made  of 
maple,  stayed  with  Iwr  iron.  The  front 
hitch  or  tongue  is  made  of  steel  angles  and 
bars.  The  coupling  includes  a  spring  to 
reduce  the  shock  of  starting.  The  rear 
hitch  is  made  of  steel.  .A  draught  rod  ex- 
tends forward  and  is  anchored  in  cross 
timbers  in  which  the  front  bolster  is  an- 
chored, to  avoid  strTitw  i,^  body  and  mis- 
placing of  axles. 

The  body  is  hopper  >li.iped.  The  doors 
run  across  the  wagon,  and  are  worked  by 
means  of  two  handles.  .A  small  platform 
on  the  side  of  the  wagon  allows  the  man 
'to  operate  the  handles  to  dump  and  wind 
up  the  doors.  The  body  is  lined  'with 
steel.  The  doors  arc  of  steel.  The  male- 
rial  can  be  dumped  outright  or  it  can  he 
spread  at  any  desired  thickness  in  uniform 
depth.  4V4  ft  wide.  The  front  wheels  are 
smaller  than  the  rear  wheels  and  turn  un- 
der the  body.   The  wagon  has  a  capacity  of 
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300  sq.  yds.  and  on  good  roads  will   carry 
5  tons. 

The  Acme  Road  Machinery  Co.  of 
Frankfort,  N.  Y.,  make  a  wagon  or  car 
especially  designed  for  road  construction, 
although  it  can  be  used  for  other  purposes. 
The  axles  and  wheels  arc  of  steel,  the  lat- 
ter having  an  8-in.  tread.  Both  sets  of 
wheels  turn  under  the  body,  thus  allowing 
the  wagon  to  be  run  in  either  direction. 
The  body  is  lined  with  steel.  Four  wheels 
control  the  doors,  which  open  across  the 
wagon.  The  doors  can  be  so  regulated  that 
the  wagon  will  spread  its  load  in  an  even 
layer.  The  weight  of  the  car  is  about  6,000 
lbs.,  and  it  lias  a  carrying  capacity  of  -J 
tons. 

The  Michigan  Wagon  &  Mfg.  Co.,  of  St. 
Johns,  Mich.,  make  a  wagon  or  car.  It  is 
called  the  Michigan  spreading  car.  The 
wheels,  with  a  12-in.  tire,  are  made  of  steel 
as  are  the  axles.  The  frame  of  the  wagon 
is  likewise  of  steel,  while  the  body,  which 
is  hopper  shaped,  is  made  of  hardwood, 
lined  with  steel.  The  doors,  four  in  num- 
ber, open  across  the  body,  and  are  con- 
trolled by  ratchets  and  pawls,  operated  by 
a  man  standing  on  a  platform,  on  the  side. 
The  entire  load  can  be  dumped  or  it  can 
be  .spread  in  uniform  layers  varying  from 
1  to  26  ins.  deep.  The  wheels  are  of  the 
same  size  and  the  car  can  be  propelled  in 
either  direction,  thus  saving  turning  it,  al- 
though it  can  be  turned  in  a  short  space. 
The  wagon  is  made  in  three  sizes  to  carry 
7,  10  and  15  tons. 

Russell  &  Co.,  of  Massillon.  Ohio,  manu- 
facture a  dump  wagon  or  car.  These  wag- 
ons are  all  steel.  The  wheels  all  being 
the  same  size,  run  under  the  bodies  of  the 
wagon.  The  wagon  can  turn  very  short, 
but  it  is  also  reversible,  running  equally 
well  in  cither  direction.  The  tires  are 
broad.  The  wheels  track  with  those  of  the 
engine.  These  wagons  are  made  to  carry 
5  tons  or  more. 

The  Buffalo  Pitts  Co..  of  Buffalo,  N.  Y., 
manufacture  a  dump  wagon  or  stone 
spreading  car.  The  axles  and  wheels  are 
made  of  steel  and  are  built  to  carry  heavy 
loads.  The  tires  arc  10  ins.  wide  and  %  in. 
thick.  The  body  is  hopper  shaped  and  has 
four  doors  on  it  running  across  the  wagon. 
The  doors  are  controlled  by  chains  and  can 
be  operated  at  will  of  the  operator.  The 
load  can  either  be  dumped  or  spread  in  a 
uniform  layer  of  from  1  to  24  ins.  deep. 
The  car  is  constructed  with  a  swivel  truck 
at  each  end,  thus  admitting  of  its  being 
moved  in  either  direction  without  turning. 
The  body  is  14  ft.  long  and  5  ft.  wide.  It 
has  a  capacity  of  10  tons. 

.411  of  the  six  above  described  makes  of 
wagons  or  cars  are  meant  to  be  used  in 
trains  and  can  be  propelled  by  traction  en- 
gines. We  have  already  commented  upon 
the  use  of  dump  wagons  in  trains  in  this 
series  of  articles. 

The   next   style   of   dump    wagons   to   be 
considered  will  be  end-dump  wagons. 
(To  be  continued.) 


Roads  and  Streets  Section 


Note :  This  Section  is  devoted  to  methods  and  costs  of  road  and  street  con- 
struction. It  will  cover  road  building  in  all  its  details,  the  construction  of 
pavements,  sidewalks  and  gutters,  the  testing  and  use  of  paving  materials  and 
the  machinery  and  tools  used  in  road  building  and  paving. 


Economic  Hints  for  Macadam    Road 
Contractors. 

IV. 
(Continued  from  March  IT  issue.) 
.59.  Granite  and  trap  rock  do  not  ordi- 
narily yield  as  large  a  percentage  of  fine 
screenings  as  limestone,  nor  is  the  screen- 
ings of  a  quality  that  causes  the  macadam 
to  bind  together  as  quickly.  By  adding 
some  fine  limestone  screenings  (as  fine  as 
can  be  secured),  or  by  adding  some  loamy 
sand  (if  permitted  under  the  specifica- 
tions), the  granite  or  trap  macadam  can 
be  quickly  bound. 

60.  Having  rolled  the  stone  dry  until 
the  screenings  have  mostly  disappeared  in- 
to the  voids  of  the  coarse  stone,  drench  a 
short  stretch  (say  lOo  Hn.  ft.)  of  the 
macadam  thoroughly  with  water  from  a 
sprinkler.  Do  not  make  the  mistake  of 
sprinkling  the  water  over  a  larger  area, 
but  concentrate  on  a  small  area,  for  one 
of  the  objects  of  sprinkling  is  to  wash  the 
fine  screenings  down  into  the  voids  of  the 
coarse  broken  stone.  It  takes  a  good  vol- 
ume  of   water   to  do   this   properly. 

61.  If  water  is  abundant,  and  inay  be 
had  with  a  short  haul,  use  a  large  quan- 
tity of  it,  for  it  serves  to  compact  the 
macadam  by  its  puddling  action  and  re- 
duces the  amount  of  rolling  necessary. 
The  writer  has  used  as  much  as  18  cu.  ft. 
of  water,  or  135  galls,  per  cu.  yd.  of  ma- 
cadam, which  is  equivalent  to  22%  galls, 
per  sq.  yd.  of  6-in.  macadam.  This  amount 
should  never  be  used  unless  the  water  can 
be   had  at  very  low  cost. 

62.  Ordinarily  4  cu.  ft.,  or  300  galls.,  of 
water  per  cubic  yard  of  macadam  is  suf- 
ficient. This  is  equivalent  to  5  galls,  per 
sq.  yd.  of  macadam  6  ins.  thick.  Yet  it 
is  not  uncommon  to  see  two  or  three  times 
this  amount  used,  depending  on  the  fore- 
man and  upon   the  whim  of  the   inspector. 

63.  On  clay  soil  the  minimum  of  water 
should  be  used  to  bind  the  macadam,  for 
an  excess  of  water  softens  the  subgrade 
and  results  in  the  pushing  of  stone  into 
the  subgrade  under  the  action  of  the  roller. 

64.  Aviiid  laying  macadam  on  a  clay 
subgrade  in  rainy  weather  or  immediately 
after  a  rain,  for  the  reason  just  given. 
One  contractor,  known  to  the  writer,  had 
to    add    several    inches    of    stone   over    the 

'  entire  surface  of  a  macadam  road  built  in 
the  late  fall  of  the  year,  because  of  loss  of 
stone  in  a  clay  subgrade  softened  by  fall 
rains. 

65.  On  the  contrary,  a  sand  subgrade 
should  be  drenched  with  water  (if  the  cost 
of  water  is  not  prohibitive),  for  wet  sand 
is  not  so  easily  displaced   as  dry  sand.     .\ 


lu-ton  roller  will  drive  the  stone  into  dry 
sand,  often  to  such  an  extent  that  the  sand 
will  come  up  through  the  voids  of  a  layer 
of   stone  4  ins.  thick. 

66.  Among  the  various  expedients  to 
prevent  the  pushing  of  stone  into  a  sand 
subgrade  are  the  following:  (a)  Spread  a 
thin  layer  of  straw  over  the  sand  and  roll 
it  down  before  putting  on  the  broken  stone, 
(b)  Spread  a  layer  of  Vz  to  1%  ins.  broken 
stone  about  an  inch  thick  and  roll,  prefer- 
ably using  a  steam  roller  weighing  about 
6  or  7  tons ;  but  use  the  regular  10-ton 
roller  if  no  other  is  available,  (c)  Cover 
the  subgrade  with  thin  cheese  cloth,  and 
on  it  place  a  thin  layer  of  broken  stone  and 
roll,  (d)  Spread  a  layer  of  brush  %  to 
V2  in.  thick,  roll  and,  cover  with  a  layer 
of  gravel  1  in.  thick,  and  roll  again.  This 
method  has  been  used  in  preparing  a  yield- 
ing clay  subgrade.  and  seems  equally  ap- 
plicable to  sand,  (e)  If  clay  or  loam  can 
be  had  with  a  short  haid,  spread  a  thin 
layer  over  the  sand,  w-et  with  water  and 
mix  with  a  farm  cultivator  until  the  clay 
puddles  the  voids  in  the  sand.  Roll  and 
allow  it  to  dry  before  applying  the  layer  of 
broken   stone. 

67.  Do  not  excavate  sand  to  the  sub- 
grade  shown  on  the  engineer's  profile,  un- 
less some  of  the  above  methods  of  consol- 
idating the  subgrade  are  to  be  used,  but 
excavate  down  to  within  about  2  ins.  of 
subgrade.  Spread  the  stone  and  roll ;  the 
stone  will  be  driven  down  about  2  ins.  and 
the  sand  will  rise  between  the  stones,  filling 
the  voids  in  the  bottom  4  ins.  of  stone, 
thus  making  a  satisfactory  macadam  base 
on  which  to  lay  a  macadam  wearing  coat  2 
or  3  ins.  thick  bound  with  screenings.  This 
can  only  be  done  where  engineers  are  rea- 
sonable enough  to  permit  a  deviation  from 
ordinary   forms   of  construction. 

68.  If  macadam  is  laid  in  a  trench  be- 
tween earth  wings  or  shoulders,  do  not  die: 
this  trench  the  full  specified  width  in  sand 
or  in  soft  earth,  for  the  roller  will  cause 
the  broken  stone  to  shove  the  earth  back 
laterally  at  each  shoulder  and  there  will 
thus  be  produced  a  width  of  macadam  that 
is   6  to  12  ins.   greater  than   specified. 

69.  Have  the  engineers  set  grade  stakes 
or  plugs  every  50  ft.  along  the  road,  and 
cTU  each  side  of  the  road,  the  stakes  being 
driven  exactly  1  ft.  outside  the  line  of  the 
edges  of  the  proposed  inacadam,  the  top  of 
each  stake  being  exactly  level  with  the  top 
surface  of  the  proposed  macadam  at  its 
center  or  crown.  If  the  engineers  refuse 
to  give  such  stakes  after  the  rough  grad- 
ing is  finished,  and  before  the  trench  for 
the  macadam  is  dug,  hire  an  engineer  of 
vour  own  to  do  so  ;  for  without  such  stakes 
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it   is   practically  impossible  to  excavate   the  the    liigh    speed    gear,    except,    of    course.  was   used   (or  the  macadamizinR.     This  in- 

MiliKrade  so  there  will  l>e  nci  depression  in  when  first  rolling  the  loose  stone  and  when  eludes  31K»  cu.  >■<!>.  used  for  filling  trenches 

it.  Such  depression,  even  if  slight,  consumes  climbing  hills.     It   is  the  number  of  times  for  tile  drains,  filling  soft  places,  etc.     On 

a  great  amount  of  stone   in  the  course  of  that    the    roller   passes   over   the   macadam  this  basis  but  about   IA6  cu.  yds.  of  loose 

a  mile      By   stretching  a   string  or   wooden  that    counts,    yet    enginemcn    are    prone    to  stones  and  screenings  were  used    per  ••  i  i 

straight    edge   acros>   the    road    from    stake  use   the   slow    speed,    for   it    does   not    keep  yard   of   macadam.      This    was   due   1.' 

to   stake,   an   accurate  crown   can   be  exca-  ihem  so  busy  firing,  etc.     Nearly  all  steam  fact    that    practically    no    rolling    could    be 

vated  between  stakes.     Then,  by  using  three  rollers   are   e(|uipped   with  two   speed   gear-  done   on   the   track   allowance.    IH  ft.    wide. 

■'targets"   tt>   sight    along,   the  siibgrade   be-  ing.  The  cost  of  macadamizing  the  street  was 

fween    the    "staliotis"    and    "plus    ."lO's"    can  78.     The   rolling   of   the  stone  should   be-  as    follows: 

be  graded   to  its   proper   level.     .\   "target"  gin  at  the  outer  edge  and  be  gradually  car-  MateriaU:                             Total.    PerS«|.Yd. 

is  conveniently  made  of  a   1x2  in.  piece  of  ried  toward   the  middle.     If  the   reverse   is  rru"h"d  rock'toiso'cii  *       "'^**             *    ***'' 

wood.  3   ft.   long,    with   a   strip  <•   ins.   long  done,  the  stone  will  be  shoved  out  laterally          >'<1b ". .    .' 1T,818.SS                 .850 

nailed  across  the  top.     Stand  one   "target"  to   such   an    extent    that   the    road   will   not  LumlH-r  ".!!!'.. !.'".'.'.'.".'.!     "  so.Sl                 '.oo» 

in    the   center   of    the    road   at    one    station  "hold  its  crown."  that  is.  it  will  flatten  out.  .''"^'''J"/"!..:.!''"  ■•■;":■•■        ,JI??                "551 

.  '  iHil   i<»r  steam  roller. . .         135.45  .006 

after  it   has  been  graded  to  a  true  crown;  i9.     Roll   the   coarse   stone  until    it   is   so  Sundrli-»   9.45                 .000 

stand  the  other  "target"  in  a   similar  posi-  compact    that   it   is   not   easily  displaced   by  Kxi^vatlon.      7.J75     cu. 

tion  at  the  next  station  that   has  been  sini-  a    broad    tired    wagon    loaded    with    stone  ..*■'',"■   "'    *-^'.  ••;•■. 3.687.50                 .176 

■11              1     I        11             ■         1  •    1  ,.  Kniiinpcr     iind       helper. 

ilarly   graded.      Have  the   third  target   held  passing  over  it.      Then  apply  the  screenings,  stfam   roller    1. 302.50                 .06! 

at   intermediate  points  while  a  man  sights  and  not  till  then.  ullmTc^r"  ■.■.■.■.■.■..■".".;■.■.■.    3,297.99                am 

along   the    tops   of   the   other   two   targets:  80.     Attach  an  odometer  to  the  roller  so  HnBlneorlng   299.50                 .OH 

then  any  hollows  or  humps  will  be  readily  as   to   measure   the   number   of   miles   trav-  Total $29,950.05             $1,442 

discovered.  cled   daily.     This  is  the  best   check   on   the  The  labor  cost  of  spreading  rock,  sprink- 

7t'.     H  the  foreman  of  the  grading  gang  faithfulness   of  the   cngineman.      It   has   a  ling,  rolling  and  other  miscellaneous  items 

is  provided   with  a   Locke  hand  level  and  surprising   effect,   especially   if  the   engine-  as    well     as   handling   and     spreading   the 

taught    how    to    use    it,   there    will    be    few  man   is   paid   a   bonus  on   the   mileage   cov-  Tarvia  was  28  cts.  per  .sq.  yd.,  or  o7H  cts. 

errors  in  grading.  ered.  per  cu.  yd.   (loose)   of  stone  handled. 

71.  .A  10-ton  steam  roller  is  usually  81.  Including  the  rolling  of  the  sub-  The  cost  of  rolling  including  labor  and 
specified  for  rolling  macadam.  Such  a  grade,  it  is  safe  to  count  upon  240  sq.  yds.  coal  but  not  including  oil.  waste,  repairs, 
roller  will  consume  0.33  to  0.4  ton  coal  per  of  (5-in.  macadam  rolled  per  10  hour  day,  etc.,  was  6.8  cts.  per  sq.  yd.,  or  14  cts.  per 
10-hour  day.  .\  safe  estimate  is  800  lbs.  or  40  cu.  yds.  of  solid  macadam.  .\ny  less  cu.  yd.  (loose).  The  actual  labor  cost  of 
coal  daily.  It  will  consume  7  to  8  lbs.  of  than  this  is  usually  due  either  to  incffi-  handling  the  rock  and  spreading  Tar\-ia 
water  per  lb.  of  coal.  \.\  gallon  of  water  ciency  of  the  engineman  or  to  failure  to  was  about  31  cts.  per  cu.  yd.  (loose  meas- 
weighs  8..3.3  lbs.]  Hence  it  will  require  deliver  sufficient  stone  to  keep  him  busy.  urement).  Each  man  handled  about  6H 
somewhat   less  than  81V)  gals,   per   10-hour  (To   be   continued.)  cu.  yds.  of  stone  per  day. 

day.                                                                                                 The  macadamizing  was  done  by  inexpe- 

72.  See  to  it  that  the  water  tank  on  the      -^ ,__    j, ,    „ ._   _.._      _. .  rienced  lal)orers  and  foreman  and  under  all 

„      .    ,                  ,    .           1     u        11  Macadam  Road  Construction  at  Port  ,   ,.„.    ,  .     .     ,      ,          ,   .    ,. 

roller  IS  large  enough  to  supply  the  roller  ■  1,    c           r  *°             difficulties  in  the  shape  of  double- 

with  water  for  half  a  day's  work.    If  neces-  Arthur,   Ont.,  With   Some  CostS.  tracking    the    railway,    excavating    for    the 

sary  enlarge  the  tank  to  meet  this  require-  In  l!Mi7-8  the  city  of  Port  Arthur  macad-  low    grade,    putting    in    sewer    connections, 

ment.  for  it  does  not  pay  to  stop  a  roller  ainizcd  Cumberland  street  for  a  length  of  etc.    The  wages  paid  per  hour  were  as  fol- 

to  take  on   water  at   any  other   time  than  4.1(K)  ft.  and  a  width  of  46  ft.     The  total  lows : 

the  noon  hour  and  before  the  start  of  the  area  paved    was  20,956   sq.  yds.     In  order  Laborers    $0.20 

day's  work.  that  the  macadam  could  be  used  at  a  later  Foreman     35 

73.  The    tank    and    the    roller    is    ordi-  period    as    a    foundation    for   a   permanent  Teams    50 

narily    filled    very    slowly    when   fed   with  pavement,  the  grade  for  part  of  the  street  Ten  hours  constituted  a  working  day. 

a  hose  from  the  sprinkling  wagon,  because  was  kept  6  ins.  low,  this  of  course  neces-  The  work  was  done  by  day  labor  under 

neither   the   hose    nor   the   pipes   are   ordi-  sitating  considerable  extra  excavation.  The  the  supervision  of  J.  Antoniscn,  city  engi- 

narily   large   enough    to    permit   rapid    dis-  macadam   was  treated  with   Tarvia  and  in  neer.  and  the  above  notes  have  been  taken 

charge    of   the   water.    Therefore,   provide  all    places      where     the    right     amount    of  from    Mr.   .^ntoniscn's   report, 

pipe  and  hose  of  2  to  3  ins.  diameter.  screenings  was   used  it  has   given  excellent  

74.  City  ordinances  often  prohibit  the  results.  .\t  the  time  the  street  was  macad-  .  ,  ■„  ,  .  .  ,  •  ^  r. 
use  of  soft  coal,  in  which  case  coke  or  amized  the  street  railway  track  was  shifted  ^  '""  '•''^»^^"  'nfoduced  in  the  Penn- 
anthracite  must  be  used;  but  in  countrv  from  the  center  of  the  street  to  one  side  r''^'""^  'f^"'^'"'^',  P™\">'"K  ''^^  >  ^'^'^ 
work  soft  coal  is  kencrallv  used  because  in  order  to  allow  for  double  tracking.  ^"f'Vl  .  Pl'dadelphia  to  Pittsburg^ 
of  its  cheapness.  Do  not  unload  the  coal  The  surface  was  first  ploughed  and  ex-  "';'  ^''  P'^'^^'"'"  "''■"/''^  '''^'^  *«=  '*^="^ 
directly  upon  the  ground,  but  provide  a  cavated  so  that  the  subgrade  was  18  ins.  ""''"  *''^  d>rectioii  of  the  Governor.  At- 
well  made  platform,  for  otherwise  much  of  Ulow  the  finished  grade.  The  subgrade  «o"'»>-Gcneral  and  Commissioner  of  High- 
it   is   lost.  was   thoroughlv   rolled   and  all   soft   places  *">'''  ""'I  =>.' '"  »:'^'"8  'o^».«=d  be  construct- 

7.V  Require  the  roller  engineman  to  and  sewer  trenches  filled  with  broken  stone.  ™'  "^  '^'^'^""8  highways  improved,  by  the 
keep  a  reconl  of  all  coal  delivered.  Also  On  this  subgra.le  was  laid  a  course  of  the  Commissioner  of  Highways,  After  con- 
require  him  to  measure  all  coal  in  boxes  largest  size  of  crushed  rock  (2  in.  to  3  in.):  '•'"'<^"""  'ho  road  would  be  mamtamed  by 
or  bags  of  known  capacity  iH-fore  putting  this  course  was  rolled,  and  thus  compacted  I*"'"  "'■".';  ■'^"  appropriation  of  $5,000,000 
it  in  his  coal  tank  on  the  roller.  Thus  a  to  a  5-in.  course.  On  this  course  were  laid  "  P'?,"'"'''  "^  ''^''^  $3.«KKV>00  will  be 
check  is  secured  on  the  honesty  of  the  coal  the  ties   for  the  street   railway  track,  con-  •;j^="'-'''''''  '"  »hc  next  two  fiscal  years,  and 

merchant,   as    well    as   on    the   efficiency   of  -.iMing  of  .'l-in.  planks.     Sixty  pound   rails.       ^"""' *  "''''  '"  **"=  ***'°  f°"o""'8r  >"'■*• 

the   engineman   in    firing   his   Iwiler.  4'/*   ins.   high   were   used:  consequently   the  

76.  Do  not  employ  a  fireman  in  addi-  finisheil  thickness  of  the  pavenu-nt  was  12%  .\  lull  has  been  before  the  California 
tion  to  the  engineman  on  a  roller.  The  in-  ins.  The  tr.icks  were  placed  11  ft.  centers,  Ixgislalure  prf>viding  for  submitting  to 
creased  output  of  rolling  docs  not  justify  the  distance  between  the  outside  ends  of  the  citizens  at  the  November,  1910  election 
this   additional   expense.  the  ties  thus  being  13%    ft.  a    proposition    to    vote    on    an    $18,000,000 

77.  Sec  to  it  that  the  roller  is  run  with  A  total  of  10,160  cu.  yds.  of  crushed  rock  bond  issue  for  state  road  purposes. 
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Unclassified  and  General  Articles 


Note :  This  section  is  devoted  to  methods  and  cost  articles  on  construction 
work  not  properly  coming  under  any  of  the  preceding  classifications. 


An  Efficient    Index    System    for  City 
Engineers'  Offices.* 

BY    VVM.    GAVIX    TAYLOR, 

M.  Am.   Soc.   C.  E.t 

The  indexing  and  filing  of  plans,  field 
notes,  office  calculations  and  other  records 
in  a  city  engineer's  office  is  an  important 
feature  of  the  routine  work.  An  efficient 
indexing  system  is  a  valuable  tool  and 
time-saving  device — one  which  can  easily 
produce  actual  dividends  in  time  and  money 
saved  far  in  excess  of  the  actual  cost. 
Happily  the  older  method,  of  burdening  the 
mind  of  one  of  the  assistants  with  the  rec- 
ords of  the  office  and  the  relative  or  prob- 
able location  of  a  plan,  book  or  other  item, 
is  disappearing  and  with  it  the  thought  that 
the  spending  of  money  on  indexing  and 
filing  equipment  is  to  be  avoided. 

Success  in  a  filing  system  is  marked  by 
the  ease  and  rapidity  with  which  desired 
data  can  be  found,  and  this  depends  pri- 
marily upon  two  elements :  First,  the  fun- 
damental structure  of  the  system  used; 
second,  the  faithfulness  with  which  the 
system  is  operated.  The  best  possible  sys- 
tem under  careless  use  produces  poor  re- 
sults, and  a  relatively  poor  system  handled 
with  faithfulness  may  give  general  satis- 
faction. 

In  1901,  while  city  engineer  of  Medford, 
Mass.,  the  writer  made  a  study  of  indexing 
problems  with  special  reference  to  the 
needs  of  the  engineering  office  of  that  city. 
All  available  published  data  were  read,  and 
numerous  systems  in  operation  in  other 
cities  were  carefully  investigated. 

The  indexing  methods  examined  could  in 
general  be  classed  under  two  heads :  First, 
those  in  which  cards  were  located  alpha- 
betically under  the  guidance  of  some  key 
word  selected  by  the  indexer ;  second,  those 
in  which  the  cards  were  arranged  under 
the  guidance  of  some  color  scheme. 

None  of  the  systems  found  in  use  in  oth- 
er offices  seemed  entirely  satisfactory  for 
the  needs  of  the  local  office.  And  here  it  h 
well  to  emphasize  the  fact  that  indexing 
methods  are  not  always  interchangeable ; 
that  a  certain  system  may  admirably  fit 
conditions  in  one  city  and  be  unsuitable 
for  those  of  another ;  and  that  there  is  no 
one  best  system  applicable  to  all  cases  and 
conditions. 

A  study  of  the  indexing  system  devised 
by  Melville  Dewey,  sometime  state  librarian 
of  New  York,  and  adopted  in  many  public 
libraries  for  the  classification  of  booKs, 
pamphlets,  etc.,  according  to  subject  mat- 
ter,  brought    forth   admiration.    The   prin- 


*Paper  read  at  the  Annual  Meeting  of  the 
Connecticut  Society  of  Civil  Engineers,  Feb. 
9,    1909. 

tWaterbury,   Conn. 


ciple  upon  which  the  system  is  based  seems 
the  most  rational,  direct  and  positive  of 
any  yet  devised. 

Fundamentally  Dewey's  decimal  index- 
ing system  is  directly  opposed  to  those  em- 
bodying a  color  scheme  or  the  use  of  key 
words.  It  stands  in  a  similar  relation  to 
these  latter  systems  that  an  ordinary  dic- 
tionary does  to  March's  Thesaurus.  In  the 
use  of  the  dictionary  you  can,  if  you  have 
a  word  (the  "key"),  readily  find  its  proper 
pronounciation.  derivation  and  meaning, 
but  the  reverse  process  cannot  be  worked, 
that  is,  you  cannot  start  with  the  mean- 
ing— the  idea — and  find  the  word.  March's 
Thesaurus,  however,  is  based  on  ideas  and 
attempts  to  cover  the  field  left  open 
by  the  dictionary  as  above  pointed  out.  A 
concrete  illustration  has  value  in  emphasiz- 
ing the  advantages  possessed  by  an  index 
systematized  by  ideas.  Suppose  one  has  in 
mind  the  thought  that  in  a  certain  part  of 
India,  Asiatic  cholera  is  native  and  always 
present,  and  it  is  wished  to  describe  such 
a  condition  by  the  use  of  a  single  word 
which  is  either  unknown  or  forgotten.  The 
word  epidemic  comes  to  mind  but  it  fails 
to  carry  the  precise  meaning  of  the  word 
sought  for.  The  desired  word  is  a  condi- 
tion of  health — sickness ;  and  with  this  as 
a  starting-point  the  exact  word — endemic — ■ 
conveying  the  idea  is  readily  found.  The 
final  result  would  have  been  the  same  if  the 
word  epidemic,  disease  or  any  other  word 
approaching  the  idea  had  been  looked  up. 

In  the  decimal  system  of  indexing  the 
subject  matter  is  systematically  grouped 
and  numbered  in  a  degree  of  detail  suf- 
ficient for  the  purpose  in  hand.  Certain 
parts  of  the  index  system  may  be  much 
more  elaborately  sub-divided  than  other 
parts,  the  character  and  amount  of  sub- 
division depending,  in  the  main,  upon 
the  particular  case.  For  the  best  results 
the  sub-division  of  ideas  should  be  car- 
ried sufficiently  to  limit  the  collection  of 
but  a  few  cards  under  any  one  number. 
If  under  contained  use  more  cards  accumu- 
late under  any  subdivision  than  is  desira- 
ble its  idea  should  be  split  into  two  or  more 
specific  classes,  additional  numbers  given  to 
the  new  divisions,  numbers  added  to  the 
cards  in  the  original  subdivision  under  en- 
largement and  the  cards  rearranged.  In 
like  manner  the  index  may  be  expanded  in- 
definitely, the  enlargement  of  sections  and 
the  development  of  new  ones  being  as  nat- 
ural as  the  forming  of  new  cells  'in  a  grow- 
ing plant. 

The  reference  cards  are  numerically  ar- 
ranged in  the  index  and  all  cards  are  gath- 
ered in  groups,  each  group  covering  a  par- 
ticular phase,  and  having  a  definite  and 
predetermined  relationship  with  all   others. 

The  decimal  system  has  very  great  flexi- 


bility and  an  infinite  extensibility  and  is 
therefore  exactly  suited  for  either  the  very 
small  or  the  very  large  index.  It  also 
avoids  the  ambiguity  which  frequently 
arises  in  the  use  of  an  alphabetical  system, 
and  which  cannot  be  avoided  except 
through    elaborate   cross-indexing. 

'With  Dewey's  invention  as  a  basis  a  sys- 
tem was  evolved  to  fit  the  particular  needs 
of  the  Medford  office  and  this  system,  with 
modifications,  has  been  adopted  for  the  fil- 
ing system  in  the  office  of  the  city  engi- 
neer at  Waterbury,  Conn.  Care  was  taken 
to  eflfect  a  logical  arrangement  in  the  "in- 
dex guide"  and  to  maintain  simplicity  and 
uniformity  throughout.  The  index  guide  is 
a  schedule  of  ideas,  a  standard  by  the  use 
of  which  each  index  card  is  definitely  num- 
bered and  definitely  placed  in  the  index. 
The  personal  equation  of  the  inde.xer  does 
not  enter  into  the  relative  placing  of  the 
cards — all  is  prescribed  by  one  standard — 
and  the  difficulties  arising  through  the  use 
of  key  words  are  thus  avoided. 

In  common  use  the  index  guide  was  but 
infrequently  referred  to  by  the  office  assis- 
tants, as  they  soon  gained  through  memory 
the  sequence  of  numbers.  Yet  the  index 
guide  was  sufficiently  elaborate  to  permit 
a  person  not  previously  acquainted  with  the 
system  readily  to  find  a  desired  card  hav- 
ing reference  to  a  survey,  level  note,  cal- 
culation or  observation,  plan,  photograph  or 
contract. 

A  primary  division  in  the  index  was 
made  by  assembling  the  cards  under  cover 
of  a  tab  guide  card  bearing  the  name  of  a 
street  or  some  important  controlling  nat- 
ural object  as  a  water  course — Massa- 
chusetts avenue  and  Mystic  river,  as  ex- 
amples. A  secondary  division  was  then 
made  by  establishing  12  subdivisions,  each 
of  which  was  given  a  whole  number,  as 
1,  2,  3,  4,  etc.  These  "secondary  divisions 
depend  upon  the  needs  of  the  office  and 
may  be  as  follows  : 


s. 

9. 
10. 
11. 

12. 


Electricity. 
Public  Property. 
Cemeteries. 
Water   Courses. 
Bridges. 
Railroads. 


1.  Highways. 

2.  Sewers. 

3.  Sewage  Disposal. 

4.  Storm  Drains. 
n.  Water  Supply. 
6.  Gas. 

Other  secondary  divisions  may,  of  course, 
be  added  at  will.  Each  of  these  divisions  is 
visibly  marked  upon  cards  by  means  of 
1/12  tabs  and  the  numbers  plainly  printed 
on  the  tabs.  Tab  1  is  at  the  extreme  left  of  . 
the  3x5-in.  card  and  tab  12  at  the  extreme 
right.  Tertiary  divisions  are  then  made, 
basing  the  divisions  upon  the  class  or  char- 
acter of  the  subject,  the  divisions  being 
numbered  at  the  right  of  the  decimal  point 
as  follows : 


A  Plans. 

.."i  Photographs. 

.6  Contracts. 


.1  Surveys  &  Stakings. 
.2  Levels  &  Grades. 
.3  Calculations  &  Ob- 
servations. 

The  tertiary  divisions  are  subdivided  to 
any  desired  extent  by  adding  figures  in  the 
hundredths  and  thousandths  place.  In  ar- 
ranging the  subdivisions  of  a  system  it 
should  be  borne  in  mind  that  uniformity 
throughout  the  system  is  the  desideratum. 

Specific  cards  frequently  referred  to  may 
have  their  precise  location  marked  by  plac- 
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ing  directly  in  front  of  them  a  colored  tab 
card  bearing  the  specific  number,  the  col- 
ored tab  card  thus  serving  as  a  flag.  A 
case  that  comes  to  mind  is  this :  Cards  re- 
ferring to  profiles  were,  as  a  class,  in  more 
frequent  use  than  any  other. 

The  reference  number  for  a  profile  was 
always  .411  and  so,  directly  in  frunt  of  the 
profile  reference  cards  was  placed  a  blue 
1/12  tab  card  numbered  .411.  Following 
down  under  any  particular  street  the  high- 
way profile  cards  arc  tlaggcd  under  I. til, 
the  sewer  profile  under  2.411,  the  storm 
sewer  profile  under  4  411,  the  gas  main  pro- 
tile  under  (J, 411  and  so  on.  In  the  Mcdford 
index  the  profile  cards  are  the  only  ones 
thus  far  that  arc  flagged,  but  as  the  index 
grows,  more  may  be  added  if  desirable.  At 
the  present  time  this  index  consists  of 
about  35,000  cards,  placed  in  40  drawers. 

.■\n  elaboration  of  one  of  the  secondary 
divJMons  will  give  an  idea  of  the  amount 
and  character  of  subsequent  subdivisions. 

1.     HIOHWAYS. 

1.1  Surveys  und   Stuklngs: 

.11  Street   llni-s. 

.12  Land    divisions. 

13  Buildings. 

.U  Urvi'lopment— Construction. 

.Ill  Grading. 

.1412  Pavomfiits. 

.113  Sidewalks. 

.143  EUgcstones. 

.144  Cross-walks. 

.145  Gutters. 

.146  Trees  and  planting  spaces. 

.15  Sur\ey  and  traverse  lines. 

.!«  Triangulatlon. 

.17 

.18  City   lines. 

.19  >iw.  ..ii-,„..ous. 

1.;  !-•                     'Irades: 

I.-  MS  similar  to  above.) 

1.3  Cu.^ :.  .  and  Observations: 

(Sub-divisiuiis  similar  to  above.) 

1.4  Plans   and   Profiles: 
.41  Street   lines,  acceptance  plan. 
.411  Official  grade  lines. 
.42  I^nd  divl.slons. 
.421  Assessors'   plans. 
.43  Buildings. 
.431  Kestrlctlon   lines. 
.432  Street  numberlnif  plans 

(with  similar  continuation). 

1.5  Photographs: 
1.8        Contracts: 

The  elaboration  of  the  other  secondary 
divisions,  .Sewers,  Storm  Drains,  Railroads, 
etc.,  is  made  in  a  similar  way,  the  detail 
figures  being  kept  uniform  throughout  the 
whole  system  so  far  as  practicable,  e.  g., 
the  tertiary  divisions  should  be  absolutely 
constant  and  their  further  subdivision  as 
nearly  so  as  possible.  In  the  index  cited 
.1  is  always  a  sur\'ey  note,  .3  is  always  a 
calculation,  .4  always  a  plan,  and  further 
.411  is  always  a  profile.  By  maintaining 
such  a  constant  sequence  in  the  figures  the 
mastery  of  the  system  becomes  easy  and 
the  efTicicncy  enhanced. 

To  show  the  ease  with  which  a  reference 
card  may  be  found,  let  it  be  assumed  that 
the  plan  case  location  is  desired  of  the 
profile  of  the  30-in.  water  main  on  Flor- 
ence St.  between  Harvard  Ave.  and  Lawn 
Terrace.  Turning  to  the  guide  card  marked 
Florence  St.  we  have  before  us  all  the  ref- 
erence cards  relating  to  Florence  St.  The 
subject  sought  is  one  classed  under  Water 
Supply,  so  we  look  for  tab  5  cards,  remem- 
bering that  profiles  arc  flagged  by  a  col- 
ored guide  tab  marked  .411.  We  touch  this 
colored  tab,  tipping  it  toward  us,  and  find 
immediately  back  of  it  the  cards  referring 
to  water  main  profiles  on   said   street.     If 


the  street  is  not  very  long  but  one  card  is 
numbered  .411,  and  that  is  the  panicular 
one  sought  for  (see  Fig.  1). 

As  an  example  showing  the  operation  of 
the  system,  let  it  be  desired  to  assign  a 
number  and  write  a  card  having  reference 
to  the  survey  and  level  notes  made  in  stak- 
ing out  the  edgestone  or  curbing  in  front 
of  No.  ItM'J  Boston  .\\c.  By  reference  to 
the  index  guide  the  number  1.143  is  at  once 
assigned  to  the  survey  notes  and  1.243  to 
the  level  notes.  On  long  and  important 
streets,  such  as  the  one  cited,  it  may  be 
that  quite  a  number  of  reference  cards  will 
accumulate,  each  bearing  the  same  number, 
as  1.14;3  in  the  example.  These  cards  of 
like  numbers  are  arranged  according  to 
relative  position  on  the  street  or  numerical- 
ly according  to  house  numbers. 

The  accompanying  illustration  shows  the 


to  those  who  may  desire  to  read  further  on 
thi^       • 
r  tted    Itailway  Co.     Deacriptlon 

uf     I; f.iliiL'     iilitti...       rii.lt.H     jtri.l     .iih,-r 

record!*       1 'al- 
lure Boston  S 

■traded     In        ..:.„ „ .  .   . 

(1!I09). 
New    York    Board    of    Water    Supply.     De- 

tallt-il     il,  V.  r  ii.r  i..ri     ..f     T>llr.L'     ..<...t.i..     -..t.  .nr ...) 

A    \ 

Mur; 

S.i  .,„. 

oni'  notes  and 

rei-  .-r.     -En- 

glri- 

M  y  Survey- 

or'.- lan.    "ESi- 

glti.  ...... 

1'.;  index    ui>  ■. 'jrk.     De- 

sen;  ;     W.    Le.  in   use  In 

the    : library    ',i    ., a;    Welnter. 

Also    editorial.      "Engineering    News,"    June 
16.  1904. 

Hartford.   C'""      i..-^.  . >  ••    ■.-..,..-,. 

L.    Ford   of    I:  1 

drawinKS  In  i; 

"ETif '■  -   ,. ,.,,         ,,,, 

!■".  1  In  engin.-.ring  department  of 

th.'  .    Eastern  Illinois  H.  R.     'Rail- 

roa.l    ...,,..  .1-        May  8.   1!*08. 

Engineering    industries.      An    extension    of 


/V7y/-- 


Fig.    I — Sketch    Showing   Arrangement   of   Cards  in   File. 


arrangement  of  an  individual  card  and  the 
character  and  appearance  of  a  series  of 
cards  with  tabs  and  guide  cards. 

In  ciperation  this  system  is  simple,  easily 
understood  and  conveniently  operated,  and 
is  successful  and  efficient.  One  assistant 
should  be  given  the  general  supervision  of 
the  indexing  work  in  an  ofTicc,  be  final  ref- 
eree for  all  disputed  questions,  and  be  held 
responsible  for  successful  operation  of  the 
system  in  use. 

Since  arranging  the  system  herein  dc- 
scrilied  (1901)  the  literature  of  the  subject 
has  been  greatly  extended  and  the  decimal 
system  has  made  a  marked  advance. 
Among  the  more  important  articles  pub- 
lished in  the  technical  periodicals,  the  fol- 
lowing list  of  citations  is  given  as  an  aid 


the  Dewey  decimal  system  of  elassiflcation. 
Bulletin  No.  9.  University  of  Illinois.  Novem- 
ber.   1906. 

The  same  for  application  to  Archlteetur» 
and  Building.  Bulfetln  No.  13.  University  of 
Illinois.   November.    1906. 


The   following  figures  taken   from  "Mo- 
tor Traction"  show  the  remarkable  growth 
in  the  use  of  motor  vehicles  in  London: 
Cabs.        Omnibuses. 
.\ni-  Ani- 

mal.    Motor,  mal.  Motor. 
190-'                       .11,404  1     3,623         13 

19^1                      .11.057  ■>    3,551         31 

190.-.  .10,931  19  3.484  241 
HHH;  . .  10,492  96  2.964  78S 
UK):  ..  9,818  723  2.557  1,205 
1908     8,475    2,805    2.155    1,13» 
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Method     and    Cost    of     Constructing 

Flexible  Revetment  for  River 

Bank   Protection. 

The  Department  of  Engineering  of  the 
State  of  California  is  now  using  a  type  of 
flexible  revetment  as  a  protection  to  river 
banks  that  is  quite  a  departure  from  the 
kind  previously  employed  by  the  depart- 
ment. The  method  that  was  formerly  used 
was  to  make  a  mattress  of  brush  fascines 
usually  woven  with  wire  or  cable,  and 
weighted  down  with  loose  rock  laid  on  top 
of  the  mattress.  If  the  slope  of  the  bank 
below  the  water  line,  where  it  could  not  be 
graded,  was  steep,  no  rocks  w-ould  lie  m 
the  mattress.  Should  erosion  take  place  at 
the  lower  edge  of  the  mattress,  the  latter 
would  drop  down,  the  rocks  roll  oflf  and 
then  the  brush  would  rise  with  the  water, 
be  torn  loose  and  carried  away. 

The  type  of  revetment  now  constructed 
by  the  Department  of  Engineering  devel- 
oped from  a  plan  originated  by  Nathaniel 
Ellery,  state  engineer,  and  was  successfully 
used  by  him  in  bank  protection  work  along 
the  Eel  river  in  Humboldt  county,  Califor- 
nia. In  the  last  annual  report  of  the  state 
engineer  this  type  of  flexible  revetment  is 
described  and  costs  of  its  construction  are 
given. 

The  plan  consists  of  a  mattress  com- 
posed of  brush  fascines  8  to  12  ins.  in  di- 
ameter and  about  20  ft.  long,  bound  with 
wire.  These  fascines  are  laid  double,  break- 
ing joints,  and  woven  over  and  under  with 
three  galvanized  wire  "strands"  or  cables, 
y*  in.  in  diameter.  Galvanized  anchor  ca- 
bles, %  to  1  in.  in  diameter,  are  laid  on  the 
slope  extending  from  the  barge  floating  in 
the  stream  to  upon  or  over  the  levee  to  a 
safe  point  where  a  line  of  concrete  blocks 
is  sunk  in  the  soil  and  connected  by  a 
%  to  %-in.  diameter  galvanized  cable. 
These  anchor  cables  are  fastened  to  the 
line  attaching  together  the  line  of  "dead- 
men,"  or  as  called  by  the  department,  an- 
chor blocks.  The  anchor  cables  are  spaced 
about  8  ft.  centers  and  are  attached  on 
the  water  end  to  a  line  of  cable  passing 
through  heavy  concrete  blocks  made  on  the 
barge.  These  concrete  blocks  are  called  by 
the  department  sinker  weights.  After  this 
skeleton  of  cable  and  concrete  work  is  set 
and  read)-,  the  mattress  is  woven  on  top 
of  these  cables  and  the  mattress  is  tied  or 
lashed  to  the  anchor  cables  beneath  the 
mattress  every  6  ft.  After  the  mattress  is 
woven  to  its  desired  width  another  cable 
%  in.  in  diameter  and  galvanized,  is  drawn 
down  over  the  mattress  directly  over  the 
anchor  cable.  It  is  fastened  to  the  anchor 
cable  at  6  or  8-ft.  intervals  through  the 
brush.  The  ends  of  this  top  cable  are  fas- 
tened to  the  anchor  cable  on  the  land  end 
by  a  cable  clip  just  above  the  brush  mat  and 
the  water  end  is  made  long  enough  to 
reach  the  sinker  block  where  it  is  fastened. 
Also,  just  at  the  water  edge  of  the  mat  the 
anchor  cable  and  the  top  cable  are  fastened 
together. 

Above  the  water  the  mattress  is  woven  in 


place  on  the  ground  which  has  been  pre- 
pared by  grading  to  a  uniform  slope.  When 
the  water's  edge  is  reached  the  weaving 
takes  place  on  the  cables  suspended  over 
the  water  by  placing  planks  on  the  cables. 
The  barge  is  held  off  shore  by  spars  or 
struts  which  are  held  taut  by  shore  lines 
to  the  barge.  After  the  mattress  is  com- 
pletely woven,  blocks  of  concrete  2  or  3  ft. 
square  and  from  6  to  12  ins.  thick  are 
placed  on  the  mattress,  the  size  and  dis- 
tribution of  which  depends  upon  the  figured 
buoyancy  of  the  brush  and  the  force  of  the 
current  to  be  resisted.  These  blocks  are 
molded  in  place  on  the  mattress  and  thor- 
oughly fastened  to  the  top  cable  usually 
with  a  turn  or  knot  of  the  cable  firmly  em- 
bedded in  the  concrete.  When  the  mat  is 
thus  made  ready  the  barge  is  shoved  away, 
permitting  the  structure  to  sink  and  con- 
form to  the  bank  slope.  The  mattress  so 
made  will,  because  of  its  flexibility,  con- 
form to  the  variations  in  the  slope  of  the 
bank  below  the  water  where  it  could  not 
be  graded.  Should  the  current  cut  under 
the  edge  of  the  mattress  the  weights  will 
drop  down,  carrying  the  mattress  down  as 
the  earth  is  washed  away,  and  all — mattress 
and  weighting — being  secured  by  cables  to 
the  anchorage  on  shore,  will  continue  to 
hang  over  the  bank  like  a  curtain.  No 
weights  can  roll  off  and  release  the  brush. 
This  type  of  revetment  was  used  on 
Sherman  Island  in  two  places  where  the 
shore  had  been  eroded  by  waves,  and  suc- 
cessfully protected  the  bank.  The  revet- 
ment on  Sherman  Island  consisted  of  a 
mattress  of  willow  brush  in  two  sections, 
176  ft.  and  352  ft.  in  length,  making  a  total 
length  of  •'')28  ft.  The  average  width  was 
7.5  ft.,  and  the  average  thickness  16  ins. 
The  superficial  area  was  4.400  sq.  yds.  and 
the  cubic  contents  1.984  cu.  yds.  .\  total  of 
182  cu.  yds.  of  concrete  was  used.  The 
mattress  was  built  from  a  barge,  the  up- 
stream sections  overlapping  the  previously 
laid  section  down  stream.  The  work  was 
done  in  lf>08  by  contract  on  the  basis  of 
cost  plus  8  per  cent.  The  cost  of  the  work 
was  as  follows : 

rOST  OF  REVETMENT. 

Per  Per  Per 

Total,    cu.  vd.  sq.  yd.  lin.  ft 

l^bor    $    224.70     $0,113  $0.0S1  $0.-l-2 

Brush    1. 489. 70         .7.50  .338  2.Sr,s 

Table  and  clips      903.94          .45.5  .205  1.T40 

Kciuipment     ...         96.10         .048  .022  .1S2 

Cnnorete    1.313.35         .663  .301  2,535 

Inspection    ....         74.20         .037  .017  .142 

rontr.'s     com..       215.40         .109  .049  .421 


Grand     total.  $4. 316. 39     $2,175     $0,983     JS.317 

In   addition.    gradinK  cnstine   $75.    or    $0,017 

per    sq      vd.     of    mattress,    was    done.      This 

makes    tlie    total    cost    of    the   revetment    $4.- 

391.39.   or  $1.00   per  sq.   yd. 

The  item  labor  is  for  the  mattress  work 

and  covers  715  hours  of  work,  or  36  hours 

per  cu.  yd.  of  revetment,  0.16  hour  per  sq. 

yd.  and   1.35  hours  per  lin.   ft.    Labor  was 

paid   $2.50   per   day   of   eight   hours.     The 

item  brush  is  for  1,983.09  cu.  yds.  of  brush 

at  75  cts.  per  cu.  yd.    The  item  cable  and 

clips  is   for  .37,.375   ft.  of  cable.     The  item 

equipment  covers  the  following  items: 

Barge    hire   and    watchman $170.00 

Tyaiuich   hire.   16  days 6-1.00 

Watchman.    17    days 3i..iO 

Moving  barge,  checking  gravel,  etc 13. Sn 


Material,   telephone  calls,  etc 10.97 

Total    $297.32 

This  total  was  distributed  over  the  re- 
vetment work  proper  and  the  concrete 
work.  The  barge  hire  and  watchman  for 
barge  cost  $10  per  day  and  it  cost  $10  for 
tonnage  to  the  barge.  The  item  inspection 
covers  surveys  and  inspection  and  was 
spread  over  the  revetment  work  proper  and 
the  concrete. 

The  itemized  cost  of  the  crncrete  was  as 

follows:  Per 

Total.  cu.  yd. 

Labor.  995  liours $  311.26  $1,729 

Cement.  $1.27  per  bbl 305.64  1.695 

Gravel.    $1.25  per  cu.   yd 218.00  1.211 

Lumber   and   nails 84  07  .466 

Equipment    201.22  l.llS 

Inspection     103.56  .575 

Contractor's     commission...  89.60  .498 

Total   $1,313.35         $7,212 

Another  flexible  brush  mattress  was 
placed  on  Brannans  Island,  the  work  be- 
ing done  by  contract  on  the  basis  of  cost 
plus  8  per  cent. 

The  revetment  consisted  of  a  mattress  of 
willow  brush  in  three  sections,  2,620  ft.,  187 
ft.,  and  175  ft.,  respectively ;  total  length. 
2,982  ft. :  average  width,  66%  ft. ;  average 
thickness.  14  ins. ;  superficial  area,  21,892 
sq.  yds. ;  cubic  contents,  8,-586  cu.  yds.  This 
mattress  was  built  from  a  barge,  in  sec- 
tions 225  ft.  in  length,  the  upstream  sec- 
tions overlapping  on  the  previously  laid 
section  downstream.  The  concrete  used 
was  700  cu.  yds.  The  unit  cr.st  of  the  work 
was  as  follows : 

COJJCRETE. 

Cost  per 
Total  Cost.     Cu.  Yd. 

Labor    $1,287.01         $1,830 

Cement    1.161.29  1.659 

Gravel     864.35  1.233 

Lumber   and    nails 374.91  0.530 

Equipment    1.198.25  1.711 

Inspection   262.42  0.375 

Commission    382.86  0.547 

Total    $5.553.0.1  $7,901 

REVETMENT. 

Cost  per 

Total  Cost.  Sq.  Td. 

Grading    $      229.-59  $0,010 

Labor    1.411.33  0.064 

Brush    6.440.51  0.293 

Cable  and  clips 5.727.24  0.262 

Equipment   1.281.32  0.0."6 

Concrete    5.531.09  0.2=2 

Inspection     262.41  0.0'2 

Commission    1.197.89  0.055 

Total    $22,081.38         $1,004 

.■\t  Merkcleys.  a  revetment  was  con- 
structed to  protect  a  river  bank  which  had 
begun  to  cave  badly.  The  work  was  done 
in  1908  by  contract  on  the  basis  of  cost  plus 
8  per  cent.  The  revetment  consisted  of  a 
mattress  of  willow  brush  in  four  sections, 
aggregating  774  ft.  The  average  width  was 
40  ft.  and  the  average  thickness  was  8  ins. 
The  superficial  area  w-as  3,440  sq.  yds.  and 
the  cubic  contents  1.912  cu.  yds.  The  con- 
crete amounted  to  145  cu.  yds.  The  method 
of  construction  was  the  same  as  at  Bran- 
nans  Island,  previously  mentioned. 

The  unit  costs  of  the  work  were  as  fol- 
lows: 

CONCRETE.  Per 

Total,     cu.  yd 

labor    $    332.17       $2,296 

Cement    289..58         1.99, 

Rock    243.61  1.681 

Lumber,    etc 213.75         1.474 

Equipment    196.75         1.357 

Inspection    46.75  .322 

Contractor's     commission....       101.00  .69s 

Total     $1,423.61       $9,825 
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RKVKTMKNT                   ^^  Kioiioiiiic*  ui  Railway  I.ocation:  Contract 

i^,>„                                         ,    '.,',"1,',     y}„lf;  Fonn*.  and   Elrctriciiy      Wc  thai]  call  at- 

tuunu                                            ;  i:,  ■,         ,J,''  (rntion  here  i>nly  In  the  <li<linRiiitliinK   tta- 

'y\,.'.,\.,^"„t^   "'                         '  1"... ',.',  lurci   of   the    f<uir    report*   naincti   111    par- 

i.t;j»i        iiii  ticular. 

U.M       .014*  t,      .            _,..                             .,       ,     . 

•    commlasioB. .         TW  00         nn:r  Koadtivy. —  |hi«     report     con«i<lerr<l     itt 

Total     "'•    '""I"   the  (liviMoiis   nf;     Trark    ele- 

A  similar  rrvrlment  wa>  -.-..  ^ ,,„,,,.,  '   "•  waterways;  washout,.  .Iraiiugc  anil 

in  connection  with   the   work  of  clu«iiig  a  >^"""K  "'   »l'»l" :   surface  and   tub-surface 
break  in  a  levee  on  the  Kripp  Farm  in  the  JfJ'na«c  and  tiling  of  wet  cutt.  and  ipcci- 
city  of  Sacramento.      1  he  work  of  iIoshik  •""•'oh'-     The     matter   of     walerwayt    it 
the    break    in   the    levee    wa»    done    hy    day  "'*'"   '   ^'">'   fompfchcniive   discussion   by 
labor,   the  tiate  eiiKiiieer's  dcpartnuiit   hir-  ""^  '*"  ^^'alter  A    BerR  an<l  for  this  alone 
inK  a  dredue  and  crew  at  $lt><>  (kt  day  of  '.'•.'  engineers    and    contraclt.rs    should    secure 
hours       Ihe    levee    reijuired    to    dote    the  •""*    ''''•'"'   '*""   '"fP"'''       '"   addition    the   rc- 
break  was   l.tJOO   ft.  long,  24    ft    maximini  '*'"''  "■""'ains  a  digest  of  practice  in  curing 
height   and    10    ft     wide  on   top,  containing  ■^Mvs   and   washouts   the   main   portions   of 
I»>'.'.-M>3  cu    yds    of  earth.     The  actual  cost  **''''''    K"'''K    methods    and   costs    will   be 
of  building  the  levee,  including  NUinrinten-  l'"''li*hed  in  a   future  issue  of  this  journal, 
dence   and   inspection   was  $5,I)C7  W,  or  5H  Ballosling— The    great    bulk    of   this    re- 
els   per  cu    vd  I""''    '•*   devoted    to    methods   and    costs   of 
The  revetment   was   built   by  contract  on  prixlu^'ng  liallasi  and  of  placing  it  in  track. 
the  basis  of  cost  plus   10  per  cent.     It  con-  '^'"^    ^°K   Mountain    r.  ck    Killast    crushing 
listed  of  a  mattress  of  willow  brush.  710  P"^"'   ''  described  and   full  operating  costs 
ft    long.  ■lO  ft    wide  and   12  ins.  thick.     The  ^"  *"'^"  •   ''"*  description   is  published   as 
superficial  area   was  3.4fXi  s<j.  yds.  and  the  "    separate   article   elsewhere    in    this   issue, 
cubic  content  was  1,172  cu.  yds.     Tlie  con-  Methods  and  costs  of  washing  and   screcn- 
■rcte  used  amounted  to  100  cu    yds      The  '"8   P'*   gravel    for   ballast   and   of   mining 
ittress    was    made    on    the    l>ank    and    in  ii'uinting  gravel  based   on  actual   records 
ice     The  unit  costs  of  the  work  were  as  ''^"'"  Rf^vi'  P'anls  arc  given  and  they  will 
Hows:  'i^'  published  in  a  future  issue  of  this  jour- 
CONCRETE.  "'il-      There    are    some    excellent    data    on 
Toinl  <-.,i.i  S''u' ?"  '"'""   '''^>    ballast    and    on    the   advantages 
""'^                                              ':.'■'-";        ';•«"  ■'""'  disadvantages  of  various  types  of  lial- 

ir.  "'I          i.3B  l>i^t.      In  respect  to  methods  and  cost   data 

ilpment  '.!."!."!!."!!.' !"!!!!!.'  iwiw         \'.il  "'*'''  ^'^^  ''"^  '""*'  valuable  of  all  the  com- 

r-as-P""*'""    15.00         O.is  mittee  reports. 

i/cr/  5/rii<-/Mrci.— This  report  contains  a 

"^°'*'                 RKVKTMKNT**'*"         *^'*  ''""'    °"."'"'   "'    ""''    ''*''''    '"'"'^    °"    '"'P="^' 

Coat  MT  '<^*'*  which  was  carried  on  during  the  sum- 

,.„r   ^.°.V*^""l'8   ^o«?;  ■""  "'    '*^*-   and   in    the  discussion    which 

','"•'   ••^- ■•,;" ?:ll!i        "-'^  followed    it    was    slated      that    the    records 

Ki.it       0.369  v/fTc    now    practically    ready    for    compila- 

Jlljn  ;"■";;;::;    ;,.      UIJ?       S.om  ''""•     ^*''*  '""-""'Ration  promises  to  l>e  of 

,.„,.,                                         - .. .  h'Rh   value  in  settling  questions  of   railway 

'>ridge  economies  and  we  quote  from   Prof. 

,                        _  rurneaiirc's  remarks   in  discussion   as   fol- 

important    Features    of    the    Annual  lows: 

I     Convention  of  the  Ainerican  Rail-  During  iii.-  nummer  of  1907  M.mo  nv*  vr-k» 

way  Engineering  and   Main-  "'■ '•';«.'?,.'."'' ""up' 

tenance  of  Way  Asso-  r,".   ''^                   ;;;^ 

ciation.  Jll 

"I  the  H  conumitc.  rep..rts  prcsente.1  \:.i^K-u;n:i..''i,::„;::' ^■"■,:;M;::;."Zvr  Z^^ 

ring   the    three   days    of    the   annual    con-  '••"i"'      iilMinii     l.<-lne     fmm    r.n   ,„   i,x)    f,     |n 

iiion   held   in   Chicago  on    March    16.    17  wrt-                                                           ■"m'lwo 

■I  \>*.  those  on  roailwuv.  on  ballasting,  on  I.".  ''.'                                                      l"?  "J"' 

-  I                                                            '"l»."          1'^'                                                          ■!            tl*«l            III* 

■  I  stniriures  and  on  masonry  contained  with   t                    imlns.  aiiout 

Mrmation  of  general  value  to  construe-  -  in 

'I    engineert    and    contractors       Of    the  ;"* 

naining   reports  it   should   in   fairness   be  ■:<>% 

!•!    thai    their    special    nature    alone    lim-  '                                                                             "4 

tied  Ih.ir    inlrrest,  each  being   more   closely  r  "li                                                    T'    '"  "    '^' 

confine.l    |.>  m.ilters  concerning   the   railway  '"     ■                                                     nntcrlnl    wo 

tngmrrr       .i..-.il'ically      than      the       reports  r                                                                                "J'p 

named       llir   Mil.jects  reported  upon  were:  r'u.ii.ii.                                                                "' 

R'.i'lw.u      li.iM.niing;   Ties;    Rail;   Track;  i«roiiy   ii,<.i                                                          .'„. 

Ruil.ln.Ks.   \V,-,.len  Bridges  and   Trestles;  .'""•''"  "'"                                                      ',:„ 

Masonry;    Signs,    Fences,    Crossings    and  ^'                                                                       ' '■ 

'">itlc  Guards;  Signaling;  Records;  Rules;  ' 

•  tcr    Service;      Yards    and      Terminals. 

'VikkI      Preservation;      Steel      Structures-  '."U'    >•'■'■-'■■'   i"   "i-  s'lij. .  1     ,..  tt-.^x  tii- 

"•'•  donix-tlnn  rrrordii.  II  In  fximtIpcI,  will  bo  puh. 
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The  report  also  gives  directions  for  the 
maintenance  of  steel  stnictures  including 
their  protection  from  corrosion  and  these 
will  be  published  in  a  future  issue  of  this 
journal. 

.»/<Moiiry— This  report  relates  wholly  to 
concrete  work  and  fakes  up  arches  and 
large  abutment  construction,  retaining 
walls,  reinforced  concrete  trestles,  and 
specifications  for  plain  and  reinforcetl  con- 
crete. The  report  contains  a  large  amount 
of  valuable  information  which  will  be  ab- 
stracted  in   future  issues  of  this  journal. 

BatiqufI  and  Excursions —\mnnf(  the 
recreation  features  of  the  conventii^n  men- 
tion should  l>e  made  of  the  banquet  on 
March  17  at  which  notable  addresses  were 
made  by  the  Hon.  George  W.  Ross,  ex- 
prime  minister  of  Ontario;  Mr.  Blewett 
I-ee.  general  attorney.  Illinois  Central  R. 
R. ;  Dr.  J.  A.  Holmes,  chief  of  the  tech- 
nological branch  of  the  U  S  Geological 
Survey,  and  others  On  March  19  an  ex- 
cursion was  taken  to  visit  the  plants  of  the 
Tniversal  Portland  Cement  Co.  at  Buf- 
tlngton.  Intl.,  and  the  great  new  steel  works 
of  Ihe  Indiana  Steel  Co.  at  Gary.  Ind.  This 
excursion  was  tendered  to  the  association 
by  the  Universal  Portland  Cement  Co .  and 
the  Indiana  Steel  Co..  subsidiary  companies 
of  the  I'nited  States  Steel  Cortvir:,(i.,n 
luncheon  was  furnished  and  r\- 
iiience  given  for  a  ihorougbly  :■ 
•ind    •niovable    trip. 

//••./i.'K  ,i/  O/fiivrx— The  following  of- 
ficers were  elected  to  serve  Ihe  association 
<luring   the   coming   year: 

President.  William  McNab.  principal  as- 
sistant engineer  Grand  Trunk. 

First  vice-president.  L  C.  Frilch.  con- 
sulting  engineer,   Illinois   Central. 

Srcofv!  vice  prrsidrnt.  W.  C.  Cushing. 
nce  of  way.  Penn- 
-t   System. 

Secr«tar>-.  E.  H.  Fritch. 


232 


ENGINEERING-CONTRACTING 


Vol.  XXXI.    No.  12. 


Treasurer,  W.  S.  Dawley,  chief  engineer, 
Missouri    &   North    Arkansas. 

Members  of  board  of  directors,  three 
years  each,  A.  H.  Rudd,  signal  engineer 
Pennsylvania  railroad,  and  A.  W.  Thomp- 
son, chief  engineer  mainlenance  of  way, 
Baltimore  &  Ohio. 

Exhibition  of  Trad:  Su/'plies. — The  con- 
vention was  made  unusually  interesting  by 
the  large  and  excellent  exhibition  of  sup- 
plies and  tools  made  by  the  Road  and 
Track  Supply  Association.  The  exhibition 
occupied  some  38,655  sq.  ft.  of  the  Coli- 
seum and  was  made  by  140  different  firms. 


An  Electrically  Operated  Portable  Air 
Compressor  Plant  for  Con- 
tractors. 

In  trenching  in  rock  and  in  frequent  oth- 
er jobs  of  rock  excavation  in  cities,  hand 
drilling  is  employed  because  of  the  trouble 
and  expense  of  long  pipe  lines  or  frequent 
shiftings  of  compressors  and  boilers.  In 
the  accompanying  illustration  we  show  a 
portable  compressor  plant  which  would 
seem  to  solve  to  a  large  extent  the  problem 
of  cheap  and  economical  power  for  drilling 


about  what  is  required  fur  a  :^-in.  drill  of 
reliable  make.  This  size  of  drill  is  about 
the  largest  that  can  be  handled  by  one  man 
and  since  the  compressor  outfit  needs  prac- 
tically no  attention  on  account  of  the  auto- 
matic governer  or  on-loading  device,  if  al- 
ternating current  is  used  one  man  can  run 
the  whole  outfit.  If  a  steam  driven  com- 
pressor is  used  an  extra  man  is  required 
to  attend  to  the  boiler  and  compressor 
and  tlie  weight  of  the  outfit  makes  it  im- 
possible to  use  for  water  pipe  and  sewer 
work. 

Regarding  the  capacity  and  operation  of 
the  plant,  the  makers  write  us  as  follows : 
"With  our  D-4  portable  air  compressor 
outfit,  using  a  2-in.  drill,  one  man  could 
drill  in  ordinary  hard  rock  70  ft.  of  hole 
in  10  hours,  size  of  hole  %  in.  vto  1%  in. 
diameter.  This  includes  time  lost  in  set- 
ting drill  and  changing  bits,  which  would 
be  necessary  in  e.xtra  hard  rock.  The 
pressure  may  be  run  up  momentarily  to  90 
or  100  lbs.,  but  the  compressor  would  not 
operate  continuously  at  this  high  pressure 
on  account  of  overheating.  We  can  supply 
tliese  outfits  to  operate  on  either  direct  cur- 
rent or  alternating  current.   The  direct  cur- 


operations  where  frequent  moves  are  neces- 
sary. This  compressor  plant  is  one  recently 
put  on  the  market  by  the  AUis-Chalmers 
Co.,  Milwaukee,  Wis.  It  is  electrically  op- 
erated and  is  fitted  with  either  alternating 
or  direct  current  motors,  as  may  be  de- 
sired. The  inachine  illustrated  shows  tlie 
direct  current  equipment ;  it  is  known  as 
the  company's  D  4  portable  compressor. 

Thi.s  compressor  can  be  arranged  for  a 
capacity  of  50  cu.  ft.  of  free  air  per  min- 
ute at  60  lbs.  per  s(i.  in.  pressure,  wliich  is 


rent  motors  can  be  wound  for  110,  220  or 
550  volts.  The  alternating  current  motors 
for  110,  220,  440  or  550  volts,  either  26  or 
60  cycle,  1,  2  or  3  phase.  If  transformers 
should  be  required  we  can  furnish  them  for 
stepping  down  to  any  voltage  desired  if  a 
low  voltage  circuit  is  not  available.  The 
power  company  could  probably  best  fur- 
nish these  transformers  if  they  are  required 
as  they  should  be  mounted  on  the  line  poles 
on  account  of  danger  of  bringing  high 
voltage  line  to  the  compressor." 


Catalogs  Worth  Having. 

Engineers  and  contractors  should  have 
on  file  the  latest  catalogs  of  machines, 
tools  and  supplies  that  they  use.  In  sending 
for  catalogs  reviewed  or  advertised  in 
this  paper,  you  will  confer  a  favor  on  us 
if  you  will  write  direct  to  the  advertiser? 
and  state  that  you  saw  the  catalog  men- 
tioned in  Engineering-Contr.\cting.  If 
you  are  in  the  market  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  notify 
promptly  the  leading  manufacturers. 

No.  1152.  Belt  Conveyors — The  Conveyor 
Weigher  Co..  ilO  West    St..  New  York. 

This  company  manufactures  belt  convey- 
ors, but  instead  of  the  ordinary  bearings 
of  the  rollers,  a  ball  bearing  is  furnished. 
The  claim  is  that  less  power  is  needed  to 
operate   the   belt. 

No.   lliiS.     Spiral    Riveted   Pipe Abendroth 

&    Root    Mfg.    Co.,    New    York.    N.    Y. 

A  catalog  of  127  pages,  known  as  "Hand- 
book ;?9."  containing  valuable  hydraulic  data. 
Also  contains  price  list  on  spiral  riveted 
pipe,  hydraulic  giants,  pipe  Joints  and  con- 
nections and  water  tank   boilers. 

No.  11G4.  Cropp  Concrete  IVIixer. — Cropp 
Concrete  Macliinery  Co..  3IJ4  Oxford  Build- 
ing. S4  LaSalie  St..  Chicago,  111. 

An  8-page  circular  describing  this  non- 
tilting  batch  mixer,  for  which  great  sirapllc- 
tty  and  a  very  low  charging  arrangement 
are  claimed.  The  charging  arrangement  is 
described  as  follows:  "By  our  latest  im- 
provement we  are  able  to  load  the  drum  at 
its  base  instead  of  above  its  center,  and  it 
is  obvious  that  by  this  method,  which  is 
performed  by  verv  simple  construction,  more 
than  one-half  of  the  diameter  of  the  drum 
is  saved  and  the  problem  of  low  charging 
device  has  been  solved.  The  material  is 
loaded  at  the  end  and  drawn  in  by  revolu- 
tions of  the  drum  by  arrangement  of  blades. 
We  also  use  high  discharging  device.  load- 
ing directly  into  wheelbarrows." 

No.  115.5.  Road  Oils.— Standard  Oil  Co., 
Road  Oil  Dept..   20   Broadway.  New  York. 

A  40-page  catalog,  handsomely  printed, 
telling  of  the  use  of  asphaltic  oils  for  roads. 
The  method  of  constructing  "loUer  tamped 
oil  roads"  is  described  and  illustrated.  The 
illustrations  in  this  pamphlet  are  exception- 
ally good. 

No.  1156.  Railway  Signals.— The  Hall  Sig- 
nal Co.,  New  York. 

This  pamphlet  is  known  as  Circular  No. 
14.  and  is  a  description  of  the  installation  of 
upper  quadrant,  three-position  semaphore 
signal  on  the  Boston  &  .-\lbany  R.  R. 

No.  1157.  Plows.— Parlin  &  Orendorft  Co., 
Canton.  111. 

Circular  telling  of  the  P.  &  O.  road  plows 
and  also  heavy  gi'ading  plows  .for  railroad 
construction. 

No.  1158.  Toggle  Bolts.— Star  Expansion 
Bolt  Co.,  Bayonne,  N.  J. 

A  price  list  of  the  various  sizes  of  toggle 
bolts   manufactifred   by   this   company. 

No.  1159.  Hydraulic  Gravel  Elevators — 
Joshua  Hendy  Iron  Works.  75  Tremont  St., 
San  Francisco,   Cal. 

A  31-page  catalog  telling  of  the  elevators 
and  water  lifters  manufactured  by  tills  com- 
pany for  use  in  connection  with  hydraulic 
mining  and  the  sluicing  of  earth.  A  very 
useful  catalog. 

No.  1160.  Hydraulic  Giants — Joshua  Hen- 
dy Iron  Works,  75  Tremont  St.,  San  Fran- 
cisco. Cal. 

A  15-page  catalog  illustrating  and  de- 
scribing the  various  styles  and  sizes  of  mon- 
itors made  by  this  company  for  excavating 
earth  and  gravel. 

No.     1161.     American     Ingot     Iron.     —     The  ■ 
American   Rolling  Mill   Co.,   Middletown.   O. 

A  series  oi  pamphlets  describing  the  non- 
corrosive  ingot  iron  manufactured  by  this 
company.  This  iron  is  claimed  to  be  99.94 
per  cent  pure.  It  is  particularly  suited  to 
constructing  metal  culverts,  roofing,  piping 
and  spouting  which  has  to  resist  corrosion. 
The  pamphlet  relating  to  culvert  construc- 
tion should  be  secured  by  highway  and  rail- 
way engineers. 

No.  1162.  Rail  Testing  Machine —Pennsyl- 
vania Steel  Co..  Steelton,  Pa. 

A  folder  describing  the  machine  built  by 
this  company  for  testing  the  wear  on  rails 
and  joints  bv  wheels  under  all  conditions  of 
service,  such  as  slipping  drivers  and  braking. 
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Some     Careless     Statements     of     the 
Value  of  Railways. 

In  an  addros  on  llir  '  i.  ..-t-  nf  Railroad 
Trainportation"  recently  dclntred  Iwforc 
the  Tcrrc  Haulc  Science  Club  by  Prof.  F. 
C.  Wagner  of  the  Rose  Polytechnic  Insti- 
tute »c  find  the  followiTiR  statement: 

Two  u((<-iiii>la  liiiv.-  bftii  iiiiidi-  to  »fcure  all 
iKvunili-  vuluiilliin  of  rullnmd  pruiicrllet 
wllliln  a  male  Tin;  Ilmt  wu»  inadp  by 
.MU'liljcun  111  liiuo  and  lln'  ii<-<'iiiid  In  IV<i3  by 
Mlanuurl. 

.\s  a  matter  of  fact  five  states  have  up 
to  tl'c  present  time  made  valuations  of 
railway  properly,  namel).  the  two  men- 
tioned by  Professor  VVaRiier  for  purposes 
of  taxation,  one  the  state  of  Texas  for 
limiting;  lond  issues,  anil  two  for  rate  inak- 
inR  Washington  and  Minnesota,  respect- 
ively. It  would  seem  that  Professor 
Wagner  had  neglected  to  post  himself  as 
thoroughly  as  he  might  on  what  has  been 
done  in  the  way  of  state  valuation  of  rail- 
way properties.  This  is  unfortunate  be- 
cause elsewhere  in   his  .address  he  says : 

TakInK  tlie  avi-raRp  of  the  pri>aent  values 
prr  mile  (that  |9.  those  ••stimatfd  for  Mlchl- 
K!in  and  Wlscon.'^in  —  KdltorHi  wt*  have  the 
IK-Ht  oblaliiaMf  valu*>  |M-r  iiillf  of  rallr^iuds  In 
thin  couiilr.v,  Si.l.aOO  Thi."  Includtn  cvi-ry- 
thlnif  usc<l  In  the  triOLvportatlon  buslncwi 
and  Is  thi'  actual  Inv.-stini-nt.  Wlillt-  It  Is 
Inie  that  tho  costs  per  mlli-  probably  differ 
In  the  dirffrent  states,  yet  It  siems  prob- 
able that    the  averuKe  (tf  two  stale.s  situal*Hl 

^ as  are  Michigan  and  Wisconsin  will  not  dlf- 

==^:=:=:=^=^^^^=^==^=^       fer  (treatly   from    the   average  for  the   entire 

country. 
EiilTOUAL:  .\pparcnlly     Professor      Wagner     over- 

^w ".    ^^'f^^K  Statements     of     the  looked  the  fact  that  the  valuatitans  in  Mich- 

\  alue  of   Railways Z6d  ,   ....                         ,                          , 

.Announcement   of   the   First   Meeting  '^""^  •"""'   Wisconsin  were   for  purposes  of 
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an    Acre    I-urnish    Sufficient    Argu-  .,                  .         .             '    .  .      .           ,          , 
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Co.NCBETE  Section  :  average  value  for  the  entire  country.    Min- 

The  Cost  of  a  Large  Engine  Founda-  nesoia  is  not  a  mountainous  state,  yet  the 

tion  of  Concrete    ( illustrated  • 2.'M  vaUuition   per  mile   placed  on   its   railways 

"w*  J°^     Inspectors     of     Concrete  ;„    ,hc    report    recently    made     is     $50,000. 

A  Bracketed  Coiunii^besi^'inRein-  ^his    amount    may   be    nearer    an    average 

forced  Concrete    for   Heavy   Eccen-  value,   but    an   engineer   is    very   hold    who 

trie    Loads      illustrated) 236  will  set  an  average  value  per  mile  on  rail- 

A    Method    of    Mixing    Concrete    by  „,_.,y  property   on  the   findings   for   one   or 

Hand     (illustrated) 23i  c         .  .         ,«-          .    t    i     .          i, 
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.Small  r;as  Mains  on  Six  Jobs   (il  Commerce   Commission   on    this     idemtcal 

lustratcd)     239  point.       Off-hand     conclusions     as  to  the 

<  ..-I  of  Drilling  Blast  Holes  by  Hand  value    of    railway    property     are      seldom 
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Proiect                                        ...241  °'  '"*  American  bociety  ot 
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■jrger  membership  than  was  originally  an- 
ticipated, and  a  charter  membership  many 
times  greater  than  the  charter  membership 
of  any  of  the  four  national  engineering 
sxieties. 

.\   more   detaile<l     am-  •    of  the 

coming  meeting  will  ap(>'  .\pril  " 

issue 


Does  a  Lumber  Crop  Worth  Only  $3 
an  Acre  Furnish  Sufficient  Argu- 
ment for  Forest  Preservation? 

That  wholesale  forest  preservation  is  an 
economic  blunder  is  not  at  present  a  popu- 
lar contention,  for  "conservalion  of  national 
resources"  has  such  a  ring  of  common 
sense  abtiut  it  that  to  be  in  any  way  oppos- 
ed to  "conservation"  is  considered  almost 
to  be  unpatriotic.  Nevertheless,  there  is  a 
vast  amount  of  buncombe  parading  under 
the  conservalion  banner.  We  have  already 
gone  on  record  against  the  wholesale  pres- 
ervation of  forests,  because  we  believe  that 
reinforced  concrete  is  an  economic  substi- 
tute for  most  of  the  timber  now  used. 

We  arc  informed  by  government  statis- 
ticians that  the  country  is  annually  harvest- 
ing 40  cu.  ft.,  or  480  ft.  B.  .M.,  of  lumber 
per  acre  of  limber  land,  while  the  annual 
growth  of  new  limlnT  is  only  12  cu.  ft.,  or 
144  ft.  B.  M.,  and  that,  at  this  rale,  our 
forests  will  last  only  20  to  30  years.  These 
data  arc  intended  to  frighten  the  public 
into  support  of  the  Bureau  of  Forestry  in 
its  effort  to  control  all  the  timber  lands. 
But  a  little  study  shows  that  these  very 
figures  prove  the  fallacy  of  the  contention 
that  a  lumber  harvest  is  a  protitable  har- 
vest when  tree  raising  is  conducted  as  a 
commercial  proposition. 

Less  than  1-5m  ft.  B.  M.  can  be  harvested 
annually  from  an  acre  of  forest  land  with- 
out cutting  down  more  timber  than  is  sup- 
plied by  normal  growth.  If  the  saw  mill 
is  located  at  or  near  the  forest,  pine  lim- 
ber can  be  bought  at  the  mill  for  about  $20 
per  l,iHKl  ft  B.  M.  Hence,  an  acre  of 
timber  laiul  will  yield  an  annual  harvest 
worth  about  ${  after  it  has  been  sawed 
into  lumber. 

Is  il  any  wonder,  then,  that  the  Washing- 
ton or  Oregon  land  owner  prefers  to  har- 
vest all  the  crop  that  has  bi-en  centuries 
reaching    its    present    pro|iorlions?  He 

would  be  a  fixd  10  let  it  stand  and  merely 
cut  ofT  the  l.'iO  ft.  B.  M.  per  year  per  acre. 
as  advcKMIed  by  the  Bureau  of  Forestry,  for 
there  is  none  of  this  land  that  will  not  yield 
a  crop  of  grain  or  fruit  worth  several  times 
$3  per  acre  annually. 

It  is  true  that  deforested  land  often  lies 
many  yc.irs  unused,  because  il  may  be  of 
:i  character  that  is  less  productive  than 
uther  farm  land.  But,  as  the  country  set- 
tles up.  the  demand  for  land  increases  un- 
til it  becomes  proiilable  to  cullivate  lands 
that  m.i\  -R-  classed  as  second  or  third  rate. 
Certainly  no  farm  land,  however  poor, 
yields  a  crop  worth  only  $3  an  acre. 

When  the  adsocates  of  wholesale  forest 

of  republication  reserved. 
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preservation  find  it  difficult  to  convince 
the  public  that  there  is  any  appreciable 
profit  to  be  obtained  by  raising  crops  of 
timber,  they  will  rely  largely  upon  their 
argument  that  forests  are  indispensable  in 
preventing  floods.  The  sooner  they  arc 
forced  to  rely  upon  that  argument  the  bet- 
ter, for  then  some  reliable  facts  will  have 
to  be  produced  to  prove  the  contention. 
As  yet  the  contention  rests  upon  a  theory 
that  is  not  accepted  as  tenable  by  many  who 
have  studied  the  subject. 


The  Defeat  of  the  Washington    Law 
Licensing  Engineers. 

We  publish  in  another  column  of  this 
issue  a  letter  announcing  the  defeat  of  the 
act  recently  introduced  into  the  Washing- 
ton state  legislature  providing  for  the  li- 
censing of  engineers.  We  also  give  the 
text  of  the  act  itself.  It  will,  we  believe, 
interest  many  of  our  readers  to  note  the 
reasons  given  for  the  defeat  of  the  Wash- 
ington act.  In  brief  it  was  unsupported 
by  all  but  a   few   men  of   the   profession. 

There  is  doubtless  a  growing  disposition 
to  seek  legislation  regulating  the  oractice 
of  engineering.  Four  different  states  have 
to  our  knowledge  attempted  such  legisla- 
tion this  winter.  Three  of  these  proposed 
acts  have  been  published  in  these  columns. 
We  have  made  this  publication  because  a 
great  many  engineers  honestly  believe  that 
this  kind  of  legislation  should  be  enacted 
and  because  practically  every  engineer  is 
interested  in  the  questions  involved.  These 
questions  are : 

(1)  Do  reputable  engineers  need  legis- 
lative protection  from  the  competition  of 
the  incompetents  and  rascals  within  the 
profession? 

(2)  Does  the  public  need  legislative  pro- 
tection from  the  inefficient  and  defective 
works  of  rascally  and  incompetent  practi- 
tioners   of    engineering? 

The  putting  of  these  questions  involves 
the  premise  that  rascally  and  incompetent 
practitioners  of  engineering  exist.  They 
do  exist,  of  course,  just  as  they  exist  in 
every  other  profession  or  avocation  that 
men  follow  for  a  livelihood.  Granting  the 
premise  then,  how  is  the  first  question 
answered?  A  considerable  body  of  en- 
gineers says :  Yes,  we  need  this  protection. 
Another  body  quite  as  large  in  number, 
perhaps  even  more  numerous,  says :  No,  or 
shows  absolute  indifference.  The  legisla- 
tor says:  What  is  there  so  different  about 
the  rascals  and  incompetents  in  engineer- 
ing that  the  present  criminal  and  civil  laws 
that  are  depended  upon  to  curb  and  pun- 
ish such  persons  in  other  avocations  do  not 
apply  to  them  also?  Taking  now  the  sec- 
ond question;  what  is  the  answer?  It  is, 
undoubtedly:  Yes,  the  public  welfare 
should  be  protected.  Shall  we  do  it  by  at- 
tempting to  legislate  rascals  and  incompe- 
tents out  of  the  profession,  or,  shall  we  do 
it  by  establishing  by  law  a  board  of  re- 
view or  of  supervision  of  all  engineers' 
plans   for  public   works? 


Concrete  and  Reinforced  Concrete  Section 


Note: — This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  cover  the  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mixing,  transportation  and  placing;  fabrication  and  placing  of  reinforcement, 
and  form  construction  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


The  Cost  of  a  Large  Engine  Founda- 
tion of  Concrete. 

This  foundation  was  built  during  the 
month  of  July,  1908,  tlie  weather  being  very 
good,  except  the  last  day  when  it  rained 
heavily  all  day,  and  oil  skins  were  fur- 
nished to  the  gang,  in  order  to  finish  the 
work  that  day.  Sand,  cement  and  lumber 
were  delivered  on  cars  near  the  site,  and 
were  then  hauled  600  ft.  to  place.  The 
stone  was  clean,  sharp,  field  stone  hauled 
from    a    neighboring    farm.      The    mixture 


The  cost  per  cubic  yard  was  as  follows : 

Cement     $1.54 

Sand   and   gravel 0.52 

Stone     0.24 

Oil   skins    0.03 

Lumber    0.11 

Nails    0.01 

Total    $2.45 

Unloading  and  hauling  cement $0.02 

Unloading  and  hauling  sand  and 

gravel    0.14 

Building    runs    0.02 
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SiCTION     ON      ^ 

Concrete  Foundation  for  an   Engine. 

used  was  l-3%-6,  cement  costing  $1.70  per       F.uilding    forms    0.30 

libl.,  sand  50  cts.  per  ton  delivered  on  cars       Removing  forms   0.08 

near   the   site.     Laborers    were   paid   $1.50       Cutting   tubes    0.03 

per  day  of  10  hours,  labor  foreman  $2.50,       Setting  tubes  and  bolts 0.07 

and  carpenters  $2.25.  Mixing   and    placing   concrete 0.92 

The   foundation  was  rather  complicated.  Tools,  horse  feed  and  fixed  charges..  0.10 

as   is   shown   by   the   drawing  having   over  

(iO    bolts,    set   solid,   the    upper   ends   being  Total    $1.68 

encased  by  4-in.  boiler  tubes  to   allow   for  Grand    total    $4.13 

possible  inaccuracy  of  spacing  holes  in  the  We  are  indebted  for  this  information  to 

engine  bed.    The  cost  of  cutting  tubes  and  C.    W.    Laing,   construction    engineer,    Do- 

sctting   bolts    is    included    in    the    cost    of  minion    Coal    Co.,   Ltd.,    Glace    Bay,    Nova 

concrete,  of  which  there  were  350  en,  vds.  .Scotia. 
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Hints  for  Inspectors  of  Concrete  Work. 
I 

Careful  insprrtion  is  a  vital  factor  in  *e- 
curing  safe  aiitl  rmluriiiR  I'oucrclc  wurk. 
No  mxtirr  how  wril  llie  riiKiiicrr  may  dc- 
siRi'.    hi^   »<>rk  to  iiauKlit   Ulllrsi 

hu    <!rM>;ii    I-.    .1  carrifd     out      liy 

careful  and  skilliul  workm;in»tii|>  with 
giKMl  nialcriaU.  Tht-  con^truilion  mu>l  he 
Kood  and  assurance  of  cood  construction  is 
had  in  conscientious  and  competent  inspec- 
tion alone.  The  duties  of  concrete  inspec- 
tiiiii  .ire  various  and  numerous.  No  jirac- 
tu.iMc  code  of  rules  can  cover  them  all  in 
detail.  The  rules  or  directions  that  follow 
and  will  continue  for  several  issues  pre- 
tend to  cover  only  some  of  the  more  im- 
portant duties  of  the  concrete  inspector. 
We  believe  that  they  will  be  an  aid  to  the 
young  inspector  beginning  work  and  of  the 
old  experienced  concrete  inspector  wc 
would  ask  such  suggestions  for  new  addi- 
tional rules  and  such  modifications  and 
changes  in  the  rules  given  as  his  experi- 
ence has  tauglit  Iiiin  to  be  necessary  and 
wise. 

Proportioning. 

American  engineers  proportion  concrete 
mixtures  by  measure,  thus  a  1-2-4  concrete 
is  one  composed  of  1  volume  of  cement,  - 
volumes  of  sand,  and  4  volumes  of  aggre- 
gate. The  duty  of  the  inspector  is  to 
make  certain  that  the  specified  proportions 
are  accurately  and  uniformly  adhered  to. 
This  is  simply  a  task  of  accurate  meas- 
uring— it  requires  (1)  that  definite  meas- 
uring units  be  employed:  (2)  that  the  ac- 
curacy of  the  measuring  boxes,  hoppers, 
etc..  be  verifie<l :  (-1)  that  the  filling  of  the 
measuring  boxes,  hoppers,  etc.,  be  exact, 
and  (4 1  that,  when  two  or  more  l)Ox  or 
hopperfuls.  etc..  go  to  make  up  a  batch, 
the  exact  number  is  employed  for  each  and 
every  batch.  The  inspector  should  bear  in 
mind  that  while  splitting  hairs  is  not  war- 
ranted by  the  exactness  of  the  process  of 
concrete  making  as  it  is  conducted  in  prac- 
tical construction  work,  slip-hod  and  care- 
less metho<ls  and  practices  should  not  be 
tolerated. 

Mdhod  of  Mcajuring. — When  the  meth- 
od of  measuring  is  not  stipulated  in  the 
specifications,  it  is  tacitly  understood  that 
it  shall  correspond  to  accepted  practice  in 
respect  to  .-iccuracy,  etc.  Beyond  this  qual- 
ification the  contractor's  choice  is  imre- 
strirtcd.  The  inspector  shall  see  that  a 
method  is  adopted  whose  accuracy  can  Ik- 
readdy  verified  and  which  is  sufficiently 
simple  for  the  ordinary  workman  to  carry 
out   without  likeliho<Ml  of  fropient  error 

Slondiird  ('nils  of  .Ui-diUr,- ~nrlrrmine 
the  units  of  tneasure  .^t  the  l>eginning.  If 
they  are  not  stated  in  the  specifications  see 
th.1t  .I  ilefinite  undersl.indinK  is  b,nd  by 
both  engineer  and  contractor  of  what  they 
shall  be  Cement  is  «lifTercnl  in  volume 
when  measured  loose  and  when  packed  in 
the  barrel :  cement  b.irrels  vary  in  volume  of 
contents.  It  should  be  definitely  under- 
stood  by   engineer,  contr,iclor   anil    inspec- 


tor:  (ll  Whcllitr  thr 
used  is  its  volume  nii.i 
volume  as  jiacked  in  the  barrel;  {:i>  what 
^ihe  cubic  contents  of  a  barrel  of  cement,  or 
a  bag  of  cement,  shall  be  called.  If  the 
tlone  is  measured  in  empty  cement  barrels 
have  it  understood  whether  a  barrelful  is 
the  volume  measured  with  the  hcai!- 
knocked  out  or  the  volume  contained  Ic 
tween  heads;  there  is  %  cu.  ft.  difference. 
]f  the  sand  ,ind  stone  are  measured  in 
wheelbarrows  have  it  definitely  understood 
what  the  volume  of  a  whcclliarrow  load 
shall  be  called ;  there  is  a  cubic  foot  differ- 
ence between  the  capacity  of  a  wheelbar- 
row, water  measure,  and  the  load  usually 
carried  by  men  in  wheeling. 

I't-ri/icalion  of  Measures. — The  meas- 
ures used  should  be  verified  to  make  sure 
that  each  holds  the  amount  intended.  This 
can  be  very  simply  done  by  using  a  known 
measure  to  fill  the  measuring  box,  etc., 
employed,  or  the  volume  of  the  box,  etc., 
can  be  computed  mathematically. 

.-Iccuralt'  Measuring. — Sec  that  the  filling 
of  the  measures  is  reasonably  exact,  and. 
when  several  measures  of  c.ich  material 
are  required  to  make  up  a  batch,  that  the 
exact  number  is  adhered  to.  When  the 
men  are  being  rushed  or  have  grown  care- 
less through  lack  of  watching,  they  are 
very  likely  to  partly  fill  or  to  overfill  the 
measures ;  this  is  especially  liable  when 
tilling  buckets,  hoppers  or  cars  to  mark 
my  means  of  chutes  from  overhead  bins, 
also  when  the  measuring  is  being  done  by 
wheelbarrow  loads.  Skipping  a  measure- 
ful  when  several  mcasurefnis  are  required 
to  make  up  a  batch  is  another  common 
error.  Lack  of  system  is  chiefly  responsi- 
ble for  this  error.  The  operations  of 
measuring  should  follow  a  regular  routine 
or  sequence  which  should  not  be  varied 
from  and  a  double  check  system  should  be 
used  by  which  both  the  cement  man  and 
the  mixer  operator  check  the  number  of 
measures.  While  skipping  a  mcasureful  of 
sand  or  aggregate  entails  no  dangerous 
consequences  (a  batch  of  extra  rich  con- 
crete results  simply)  the  skipping  of  a 
measureful  of  cement  results  in  a  weak 
spot  in  the  work.  In  reinforced  concrete 
building  work  it  results  in  a  weak  girder 
or  colunui  and  is  dangerous.  No  chances 
which  vigilance  and  caution  can  avoid 
should  be  taken  in  measuring  and  charg- 
ing the  cement  content  of  concrete  for  re- 
inforced concrete  work.  Duly  a  man  of 
intelligence  should  measure  and  feed  the 
cement  and  he  shoidd  l>e  made  to  under- 
stand that  safely  to  life  and  property  de- 
pends on  the  accuracy  of  his  work. 

.lulomalie  Measuring  Dtfiees.— When 
automatic  measuring  devices  are  used  to 
proportion  the  concrete  see:  (I)  That 
they  are  regulated  to  give  the  proper  pro- 
portions, (2)  that  the  materials  do  not 
clog,  choke  or  arch  in  the  feed  hoppers ; 
(3)  that  the  feed  hoppers  are  kept  amply 
supplied  with  materials. 

Sises  of  Halehes. — See  that   the  batches 


are   oi 

lioned 

ures.     li   the  batch  calls  lor  parts  ■  • 

or  barrels  of  cement  or  parts  of  Ua;.... - 

of  sand  or  stone  the  proper    division     is 

hard  to  get  from  workmen  in  the  ruth  of 

work. 

Mixing. 

Concrete  is  mixed  bv  H)  hand  t-.tming 
tt  ;■ 

nil       . 

is  employed  only  where  the  amount  of  con- 
crete to  be  mixed  is  small  or  where  fre- 
quent moves  of  the  place  of  mixing  are 
necessitated  as  in  sidewalk  work.  The 
increasing  portability  of  mixing  machines 
is  doing  away  rapidly  with  the  last  named 
reason  for  hand  work.  Exci-pt  for  isolated 
small  jobs  the  use  of  mixing  machines  is 
in  general  practice. 

Methods  of  Hand  Mixing.— One  of  the 
following  two  general  methods  is  usually 
employed  in  mixing  concrete  by  hand:  (ll 
_  The  materials  are  spread  in  layers  one  on 
top  of  the  other  and  turned  dry  with 
shovels :  after  being  dry  mixed  water  is 
added  to  the  mixture  and  the  mass  is  again 
turned  with  shovels.  (2)  The  cement  and 
sand  are  mixed  into  a  wet  mortar,  to 
which  the  stone  is  added,  and  the  whole 
mass  is  incorporated  by  turning  wath 
shovels.  The  number  of  turnings,  the 
order  of  the  various  operations  and  other 
details  of  both  methods  vary  with  the  prac- 
tice of  the  individual  engineer. 

SpeeificaJions  for  Hand  Mixing. — See 
that  the  specifications  are  clear  as  to  the 
method  of  doing  hand  mixing  .ind  as  to 
the  perfection  of  the  results  required. 
Specifications  are  most  likely  to  l>e  am- 
biguous concerning  the  number  of  turns 
required  and  as  to  what  constitutes  a  turn. 
The  inspector  should  make  his  mind  clear 
on  these  points  and  should  see  that  the 
understanding  between  engineer  and  con- 
tractor is  definite.  In  case  the  specifica- 
tions do  not  stipulate  the  meth>Mls  of  mix- 
ing, etc..  see  that  it  is  definitely  understood 
by  engineer,  contractor  and  inspector  what 
methods  and  results  will  lie  accepted  as 
satisfactory. 

Mixing  Boitrds.—Sce  that  a  suitable 
platform  is  provided  on  which  to  do  the 
mixing  and  that  it  is  kept  clean  from  ad- 
hering material  and  from  foreign  matter 
See  that  the  planking  is  tight  enough  to 
prevent  material  leakage  of  water  carrying 
cement.  Sec  that  the  platform  is  large 
enough  to  .ndmit  of  efficient  and  rapid  mix- 
ing. 

Measuring  Materials  for  Hand  Mixing. 
— See  that  the  rules  for  measuring  given  in 
the  prece<ling  section  are  adhered  to. 

Sise    of   lialch    in     Hand     Mixing — See 
that  the  quantity  of  concrete  in  . 
is  no  greater  than  the  quantity  t 
the  conditions,  can   be   mixed  and   depos- 
ited in  permanent  position  in  the  work  be- 
fore the  cement  begins  to  set. 

System  in  Hand  Mixing  Operations. — 
Sec   that    the   mixing   npcratiotis   are   con- 
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ducted according  to  a  regular  system. 
This  permits  the  inspector  to  check  the 
work  and  tends  to  produce  uniformity  of 
product  that  decreases  the  necessity  of 
constant  inspection  for  and  correction  of 
faults  in  the   mi.xture. 

Hand  Mixing  for  Reinforced  Concrete. — 
See  that  hand  mixing  for  reinforced  con- 
crete work  is  done  deliberately  and  care- 
fully. Hand  mixing  should  be  avoided  for 
reinforced  concrete  work  if  possible,  but 
if  allowed  in  an  emergency,  the  inspection 
should  be  rigid.  Hand  mixing  as  done  for 
ordinary  mass  concrete  work  will  not  do 
for  reinforced   concrete   work. 

Concrete  Mixing  Machinery. — Concrete 
mixers  are  of  two  types;  (1)  batch  mixers 
in  which  the  materials  are  charged,  mixed 
and  discharged  in  batch  units,  (2)  contin- 
uous mixers  in  which  the  materials  are 
charged,  mi.xed  and  discharged  in  a  con- 
tinuous stream.  A  third  division  is  some- 
times made  into  gravity  mixers;  some 
gravity  mixers  are  batch  mixers  and  some 
are  continuous  mixers.  General  practice 
favors  batch  mixers  for  reinforced  con- 
crete work  and  whenever  a  specially  uni- 
form, well  mixed  concrete  is  required. 
Continuous  mixers  are  considered  satisfac- 
tory for  mass  concrete  work,  foundations, 
etc. 

Type  of  Mixer. — See  that  the  mixer  used 
is  of  an  approved  type  and  that  it  is  erect- 
ed and  operated  in  such  a  manner  that  the 
charging,  mixing,  discharging  and  regula- 
tion of  the  materials  is  uniform,  efficient 
and  certain. 

Charging  Batch  Mixers. — See  that  the 
batch  is  composed  of  the  proper  propor- 
■tions  and  that  it  is  so  charged  into  the 
mixer  that  the  principle  of  batch  unit  mix- 
ing is  fulfilled.  This  means  that  all  the 
batch  must  be  in  the  mixer  and  held  there 
as  a  unit  throughout  at  least  the  minimum 
number  of  turns  or  other  operations  neces- 
sary to  produce  a  mixture  of  the  required 
perfection. 

Charging  Continuous  Mixers. — See  that 
the  materials  are  fed  evenly  into  the  mixer 
in  the  proper  proportions.  If  the  nii.xer 
has  automatic  measuring  attachment  see 
that  the  various  feed  hoppers  are  kept 
amply  full  and  that  the  material  does  not 
"bridge"  or  "choke"  and  so  cease  to  feed 
into  the  mixer  drum.  If  the  mixer  is  fed 
by  shoveling  see  that  the  shoveling  is  done 
from  properly  proportioned  piles  of  cement, 
sand  and  aggregate,  that  each  shovelful 
contains  a  proper  mixture  of  materials, 
and  that  the  slioveling  is  done  at  a  uni- 
form rate.  Even  feeding  is  essential  to 
good  results  from  a  continuous  mixer  and 
the  inspector  should  watch  this  operation 
carefully. 

Number  of  Turns. — See  that  the  mixer 
is  given  the  requisite  number  of  turns  for 
each  batch.  A  certain  number  of  turns 
is  required  to  produce  a  concrete  of  any 
standard  perfection  of  mix,  if  less  than 
this  number  of  turns  is  given  to  the  batch 
an  inferior  concrete  results.     The  requisite 


number  of  turns  can  readily  be  determined 
by  trial  mixing  of  a  few  batches  and  when 
once  determined  that  number  should  be  set 
as  the  minimum  allowable. 

Discharging  With  a  Drop. — See  that  the 
concrete,  in  discharging  the  mixer,  does 
not  drop  or  fall  for  any  considerable  dis- 
tance. Such  a  free  fall  has  a  tendency  to 
segregate  the  stone  from  the  mortar. 

Cleaning  the  Mixer. — See  that  the  mixer 
is  cleaned  of  all  adhering  mortar  or  con- 
crete when  work  is  discontinued  at  night 
or  for  other  reasons.  A  mixer  caked  with 
cement  operates  with  reduced  efficiency 
and  in  addition  the  caked  cement  is  liable 
to  break  or  jar  loose  in  large  pieces  and  be 
discharged  with  the  fresh  concrete  in 
which   it  forms  a  dangerous  bodv. 


A  Bracketed  Column  Design  in  Rein- 
forced Concrete  for  Heavy 
Eccentric  Loads. 

The  general  features  of  the  heavy  rein- 
forced concrete  work  for  the  mill  of  the 
Androscoggin  Pulp  Co.,  at  South  Wind- 
ham, Me.,  were  described  and  illustrated 
in  Engineering-Contracting  for  Feb.  3, 
1909.  As  stated  then  the  striking  detail 
of  this  concrete   work   was  the  large   rein- 
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forced  girders  supported  by  bracketed  col- 
umns for  carrying  certain  of  the  heavy 
paper  making  machinery.  We  show  by  the 
accompanying  drawing  the  detail  of  the 
bracketed  column. 

The  construction  consists  of  two  1-2-t 
concrete  beams,  T8  ins.  deep  by  21  ins.  wide, 
spaced  11  ft.  8  ins.  on  centers.  These 
beams  are  reinforced  with  7-8  in.,  and  1  in. 
square  twisted  steel  tension  bars  and  3-8 
in.  round  stirrups.  A  concrete  slab  spans 
between  beams  and  in  connection  with  them 
forms  the  machine  pit  which  gives  access  t» 
the  underside  of  the  machine  and  permits 
the  weaving  of  the  paper  through  the  dryer 
rolls  which  span  the  pit. 

Each  beam  supports  a  dead  load  of  56,000 
lbs.,  is  designed  for  a  floor  load  of  59,000 
lbs.  and  the  live  load  of  the  paper  machine, 
48,000  lbs.,  or  a  total  of  6,792  lbs.  per  lineal 
foot.  The  beams  in  themselves  present  no 
peculiar  characteristics  and  are  only  note- 
worthy on  account  of  their  heavy  loadings, 
but  the  supports  for  beams  are  of  a  special 
type  and  consist  of  octagonal  l-l%-3  con- 
crete columns  with  flaring  Y-tops. 

The  Y-tops  act  as  cantilever  beams  sup- 
porting the  concrete  girders  above  described 
at  their  extremities.  Had  the  loading  on 
each    beam    been    equal    at    all    times,    the 
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columns  and  cantilever  tons  would  havt 
b«cn  iubjrctrd  lo  uniform  itrcssrs;  but  this 
is  not  the  case,  for  the  drivinK  mechanism 
and  the  auxiliary  apparatus  for  the  paper 
machine  are  located  on  one  side  of  the  con 
tiruclion,  hence  excessive  eccentric  stresses 
exist  in  both  the  columns  and  cantilever 
tops 

The  most  severe  strains  arc  set  up  in 
the  foot  of  the  columns  at  the  junction 
with  the  basement  floor,  here  the  maximum 
comentraled  load  will  be  40<>.(»00  lbs.  or 
271  lbs.  per  v\.  in.,  if  evenly  distributed, 
but  the  eccentric  loading  induces  a  moment 
which  causes  a  fibre  stress  of  JKK)  lbs.  per 
sq.  in  in  the  concrete  on  one  face  and  it  is 
to  resist  this  stress  that  the  H-in.  round 
hoops  are   employed. 


A    Method    of    Mixing     Concrete    by 
Hand. 

There  are  several  ways  of  mixing  con- 
irete  by  hand,  any  one  of  which  will  give 
good  results  in  (juality  of  mixture  and 
economy  of  product.  In  a  hullctin  recent- 
ly published  by  the  .Association  of  Ameri- 
can Portlantl  Cement  M.inufacturers,  Mr. 
Percy  II  Wilson  and  Mr  GifTord  \V 
Gaylord  describe  in  detail  a  way  which 
they  have  fourd  to  be  easy  and  efficient. 
Their  description  contains  data  of  general 
value,  and  we  publish  the  main  parts  of 
it    here : 

The    way    of   mixing   concrete   by    hand 
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necessarily  heavy  and  very  cumbersome  to 
move. 

The  concrete  board  is  a  maufacturing 
plant,  and  the  advantages  of  its  location 
>hould  be  carefully  considered.  General- 
ly it  is  best  placed  as  close  as  possible  to 
the  forms  in  which  the  concrete  is  to  be 
dclnMIed,  but  "local  conditions"  must  gov- 
ern this  point.  Pick  a  place  giving  plenty 
of  riKini,  near  the  storage  piles  of  sand 
and  stone  (or  pebbles).  Block  up  your 
concrete  l)oard  level,  so  that  the  cement 
will  not  run  off  on  one  side,  and  so  that 
the  Ixiard  will  not  sag  in  the  middle  un- 
der the   weight   of   the  concrete 

A'hhj. — Do  not  use  any  old  boards  that 
are  handy  for  the  wheelbarrow  runs. 
Make  a  good  rtm,  smooth,  and  at  least 
•JO  ins  wide  if  much  above  the  ground. 
It  is  surprising  how  this  one  feature  will 
lighten  and  quicken  the  work. 

Tools  and  Plant. — The    following    is    a 
list  of  tools  and  plant  to  be  used  in  mix- 
ing,  giving   sizes,  quantities,   etc. : 
Concrete   Board  for  2-Bag  Batch,  0x10  ft. 

in  size : 

!•  pes.  Ti"xl2''xlO',  surfaced  on  one  side 
and  two  edges.  (Any  width  of  plank 
may  be  used ;  12"  is  specified  only  for 
convenience.) 

•")  pes.  2"x4"x  9'  rough. 

2  pes.  2''x2"xl0'  rough. 

2  pes.  2''x2"x  9'  rough. 
Concrete  Board  for  4-Bag  Batch,  12x10  ft. 
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For  4-Bag  Batch;  double  ctibic  contents 
of  l>oxes  and  order  lumber  accordingly. 

Shovels — No.   3   square   point 

Wheelbarrows. — At  least  two  necessary 
for  quick  work ;  sheet-iron  body  preferred. 

Rake. 

Water-ltarrel. 

Water-buckets — 2-gallon   sire. 

Tamper — I'x4''x2'6' ;  with  handles  nail- 
ed to  it. 

Garden  spade  or  "spading"  tool. 

Sand  Screen — Made  by  nailing  a  p'.tee 
of  M"  mesh  wire  screen  2H'x5'  in  size  to 
a  frame  made  of  2"x4'. 

.UuiMij.— With  the  mixing  board  placed 
and  the  "runs"  made  the  concrete  plant  is 
ready. 

First  load  your  sand  in  wheelbarrows 
irom  the  sand  pile,  wheel  on  to  the  "board," 
and  fill  the  sand-measuring  box,  which  is 
placed  about  2  ft.  from  one  of  the  10-ft. 
sides  of  the  board,  as  shown  by  the  dia- 
gram in  Fig.  1.  When  the  sand  box  is 
filled,  lift  it  off  and  spread  the  sand  over 
the  board  on  a  layer  3  or  4  ins.  thick,  as 
shown  in  Fig.  2.  Take  the  two  bags  of 
cement  and  place  the  contents  as  evenly  as 
possible  over  the  sand.  (See  Fig.  2.)  With 
the  two  men  at  points  marked  "x"  and 
"xx"  rn  the  sketch  below  Fig.  2  start  mix- 
ing the  sand  and  cement,  each  man  turn- 
ing over  the  half  on  his.  side  of  the  line 
A.  .4.  Starting  at  his  feet  and  shoveling 
away    from    him     each    man    takes    a    full 
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Fig.    1 — Lifting   Cff   Sand    Measuring    Box   and  Getting  Cement  Ready. 


Fig.   2 — Spreading   the   Cement   Cver   the    Sand. 
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described  here,  we  believe  to  be  the  one 
best  calculated  to  obtain  good  results  with 
a  minimum  of  labor.  In  this  description 
and  the  accompanying  illustrations,  we 
have  taken  as  a  basis  a  two-bag  batch  of 
1-2-4  concrete. 

MixiiiK  Hoard. — .A  mixing  board  for  two 
men  should  be  9x10  ft.  Make  it  out  of 
1-in.  boards.  10  ft.  long,  surfaced  on  one 
side,  using  five  2x4-in.  x  9- ft.  cleats  to  hold 
them  together.  If  Ix6-in.  tongue  and 
gro<>ve  roofers  can  be  obtained,  they  will 
do  very  nicely  if  fairly  free  from  knots 
The  object  of  the  surfaced  boards  is  to 
make  the  shoveling  easy.  The  Ixiards  an- 
so  laid  as  to  enable  the  shoveling  to  be 
done  with,  and  not  against,  the  cr.tcks  be- 
tween the  boards.  The  boards  must  be 
drawn  up  close  in  nailing,  so  that  no  cem- 
ent grout  will  run  through  while  mixing 
Knotholes  may  be  closed  by  nailing  a  strip 
across  them  on  the  under  side  of  the  of 
the  board  It  is  a  good  precaution  against 
losing  cement  grout  to  nail  a  2x2-in.  or 
2x4-in  piece  around  the  outer  edge  of 
the  board.  Often  2-in.  planks  are  used  in 
making  concrete  boards,  but  these  are   un- 


in   size  : 

IJ  pes.  "jt"xl2"xlO',  surfaced  one  side 
and  edges.  ( .Any  width  of  plank  may 
lie  used;  12"  is  specified  only  for  con- 
venience. ) 

•">  pes.  2''x4"xl2'  rough. 

2  pes.  2"x2'xI0'  rough. 

2  pes.  2"x2"xl2'  rough. 

Kuns—r.  2H",  or  3"  plank  10"  or  12" 
wide. 

Measuring   Boxes   for  Sand  and  Stone  or 
Gravel : 

For  2-RaK   Batch   1-2-4   Mixture: 

1  pes    rxllH"x2'  rough. 
■-'  IKS    rxim"x4'  rough 

2  pes.  I"xll'4-.x0'  rough 

Note :  The  2  pes.  4'  long  and  the  2  pes. 
ff  long  have  an  extra  foot  in  length  at  each 
end   to   l>e   made   into  a   handle. 

For  2-Bag  Batch  1-3-fi  Mixture: 

2  pes    rxllV4"x2'. 

2  pes    |-xim-x.3' 

2  pes.  rxim"x.V 

2  pes.  l"xim"xC' 

Note :  The  2  pes.  5'  lont;  and  the  2  pes. 
i!'  long  have  an  extra  foot  in  length  at  each 
end  to  be  made  into  a  handle. 


shovel-load,  turning  the  shovel  over  at  the 
points  marked  1  and  2  respectively  in  Fig. 
2.  In  turning  the  shovel,  do  not  simply 
dump  the  sand  and  cement  at  the  points 
marked  1  and  2  in  the  diagram  under  the 
cut.  but  shake  the  materials  off  the  end 
and  sides  of  the  shovel,  so  that  the  sand 
and  cement  are  mixed  as  they  fall.  This 
is  a  great  assistance  in  mixing  these  mate- 
rials. In  this  way  the  materLiI  is  shoveled 
from  one  side  of  the  board  to  the  other, 
as  shown  in  Figs.  3  and  4 ;  Fig.  3  shows 
the  first  turning,  and  Fig.  4  the  second 
turning. 

The  sand  and  cement  should  now  be 
well  mixed  and  ready  for  the  stone  and 
water,  .\fter  the  last  turning,  spread  the 
sand  and  cement  out  carefully,  place  the 
gravel  or  stone  measuring  box  beside  it 
and  fill  from  the  gravel  pile.  Lift  off 
the  box  and  shovel  the  gravel  on  top 
of  the  sand  and  cement,  spreading 
it  as  evenly  as  possible.  W'ith  some  ex- 
perience equally  goo<l  results  can  be  ob- 
tained by  placing  the  gravel  measuring  box 
on  top  of  the  carefully  leveled  sand  and 
cement  mixture,  and  filling  it.  thus  placing 
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the  gravel  on  top  without  an  extra  shovel- 
ing. This  method  is  'shown  in  Fig.  6.  Add 
about  three-fourths  the  required  amount 
of  water,  using  a  bucket  and  dashing  the 
water  over  the  gravel  on  top  of  the  pile 
as  evenly  as  possible.  Be  careful  not  to  let 
too  much  water  get  near  the  edges  of  the 
pile,  as  it  will  run  off,-  taking  some  cement 
with  it.  This  caution,  however,  does  not 
apply  to  a  properly  constructed  mi.xing. 
board,  as  the  cement  and  water  cannot  get 
away.  Starting  the  same  as  with  the  sand 
and  cement,  turn  the  materials  over  in 
much  the  same  way.  except  tliat,  instead  of 


described  above  and  the  third  man  supply 
the  water,  help  mix  the  concrete  by  raking 
over  the  dry  or  unmi.xed  spots  as  the  two 
mixers  turn  the  concrete,  help  load  the 
wheelbarrows  with  sand  and  stone  or 
gravel,  etc. 

If  four  men  are  available,  it  is  best  to 
increase  the  size  of  the  batch  mixed  to  a 
four-bag  batch,  doubling  the  quantities  of 
all  materials  used.  The  cement  board 
should  also  be  increased  to  10x12  ft.,  as 
shown  under  "Tools."  In  this  case  start 
the  mixing  in  the  middle  of  the  board,  and 
each  pair  of  men  mixing  exactly  as  if  for 
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TABLE  I. 

Quantities  of  Material  in   1 
Cu.    Ft.    of    Concrete. 
Stone     ■ 
Mixture.  Cement.      Sand.      or  Gravel, 

Barrel.  Cu.  Tard.  Cu.  Yard. 
1-2-4   Concrete...     .058  .0163  .0326 

1-3-6   Concrete...     .041  .0174  .0348 

Suppose  the  work  consists  of  a  concrete 

silo  requiring  in  all  935  cu.  ft.  of  concrete, 

of  which  750  cu.  ft.  is  to  be  1-2-4  concrete, 

and    185    cu.    ft.    is    to    be    1-3-6    concrete. 

Also  enough  sand  and  cement  is  needed  to 

paint    the    silo    inside    and    outside,    in    all 

400  sq.  yds.  of  surface,  with  a  1-1  mixture 

of  sand  and  cement.     One  cubic  foot  of  1-1 

mortar  will  paint  about  15  sq.  yds.  of  sur- 


Fig.  3 — First  Turning,  Cement  and  Sand. 


Fig.  4 — Second  Turning,  Cement  and    Sand. 


shaking  the  materials  off  the  end  of  the 
shovel,  the  whole  shovel  load  is  dumped  as 
at  points  1  or  2  in  the  diagram  under  Fig. 
2  and  dragged  back  toward  the  mixer  with 
the  square  point  of  the  shovel.  This  mixes 
the  gravel  with  the  sand  and  cement,  the 
wet  gravel  picking  up  the  sand  and  cement 
as  it  rolls  over  when  dragged  back  by  the 
shovel,  .■^dd  water  to  the  dry  spots  as  the 
mixing  goes  on  until  all  the  required  water 
has  been  used.  Turn  the  mass  back  again, 
as  was  done  with  the  sand  and  cement. 
With  experienced  laborers,  the  concrete 
would  be  well  mixed  after  three  such  turn- 
ings ;  but  if  it  shows  streaky  or  dry  spots, 
it  must  be  turned  again.  After  the  final 
turning,  shovel  into  a  compact  pile.  The 
concrete  is  now   ready  for  placing. 

Mixing  Natural  Mixture  of  Bank  Sand 
and  Gravel. — Spread  out  the  mixture  of 
sand  and  gravel  as  much  as  the  board  will 
readily   permit,   add   enough   water   to   wet 


a  two-bag  batch,  except  that  the  concrete 
is  shoveled  into  one  big  mass  each  time 
it  is  turned  back  on  to  the  center  of  the 
board.  When  more  than  four  men  are 
available,  the  rest  may  place  the  concrete, 
make  new  runs,  load  wheelbarrows,  etc., 
taking  the  concrete  away  from  the  board 
as  fast  as  it  is  mixed.  In  this  case  an- 
other small  concrete  board  should  be 
placed  next  to  the  big  "board,"  so  that  in 
the  last  turning  the  batch  can  be  shoveled 
over  on  to  the  small  board  for  placing, 
making  room  on  the  big  board  to  mix  the 
next  batch.  The  small  platform  need  be 
only  just  big  enough  to  hold  the  pile  of 
mixed  concrete. 

When  the  day's  work  is  done,  carefully 
clean  all  tlie  tools,  especially  the  concrete 
board.  Remove  with  a  shovel  all  the  loose 
cenunit,  sand,  and  stone.  Then  scrub  the 
board  with  a  broom  and  water.  If  this 
is    not   done,   small   particles   of   stone    are 


face  and  requires  0.1856  barrel  of  cement 
and  0.0263  cu.   yd.   of  sand. 

Cement —  Bbls. 

Cement  for  the  750  cu.   ft.  of 

1-2-4  concrete  is  760  X  .058 =  43.5 

Cement  for  the  185  cu.  ft.  of 

1-3-6  concrete  is   185  X  .041 =    7.6 

Cement    for    painting 

, 400/15  X. 1856 =    4.9 


Total  cement    

S.\ND — 
Sand  for  the  750  cu.   ft.  of 

1-2-4  concrete  is  750  X  .0163.  . 
Sand  for  the  185  cu.  ft.  of 

1-3-6  concrete  is  185  X. 0174... 
Sand    for    painting 

400/15  X. 0263... 


56.0 
Cu.  yds. 

.=  12.25 

=    3.25 


Total  sand    16.25 

Stone  or  Gr.wel —  Cu.  yds. 

Stone  or  gravel  for  the  750  cu.  ft. 


{3/l/VO/'/l£\, 


Fig.   5 — Filling  the   Stone   Measuring    Box,    First  iVlethod. 


Fig.  6 — Filling  the  Stone   Measuring  Box,    Second    Method. 


the  gravel  and  sand  thorouglily,  spread  the 
cement  evenly  in  a  thin  layer  over  the  sand 
and  gravel,  and  turn  over,  as  described 
previously,  at  least  three  times,  adding  the 
rest  of  the  water  necessary  to  get  the  re- 
quired consistency  while  the  materials  are 
being  turned.  It  requires  some  experience 
to  w'Ork  up  a  natural  mixture  of  bank  sand 
and  gravel,  and  if  at  all  doubtful  about  the 
concrete  made  from  it,  first  screen  the 
sand  from  the  gravel  and  then  mix  in  tlie 
regular  way. 

Number  of  Men. — For  the  above  opera- 
tion only  two  men  are  required,  although 
more  can  be  used  to  advantage.  If  three 
men  arc  available,  let  two  of  them  mix  as 


.glued  to  the  board  by  the  cement,  and 
render  shoveling  the  next  day  most  diffi- 
cult. 

With  a  little  practice,  the  sand  and  stone 
or  gravel  can  be  measured  by  the  number 
of  wheelbarrow  loads  about  as  accurately 
as  by  the   measuring   boxes. 

To  determine  quantities  of  materials 
needed,  first  figure  the  number  of  cubic 
feet  of  concrete  that  will  be  required  for 
the  work  in  question.  Then  by  multiplying 
this  number  by  the  number  under  the 
proper  column  and  required  mi.xture  shown 
in  Table  I,  the  amounts  of  cement,  sand, 
P!id  stone  or  gravel  can  be  found. 


of  1-2-4  concrete  is  750  X  .0326.  .  =  24.5 
Stone  or  gravel  for  the  185  cu.  ft. 
of  1-3-6  concrete  is  185  X  .0348.  .  =    6.5 

Total  stone  or  gravel 31.0 

Thus  the  necessary  quantities  of  mate- 
rials are :  56  bbls.  of  Portland  cement ; 
\6Vi  cu.  yds.  of  sand,  and  31  cu.  yds.  of 
stone  or  gravel. 

It  is  always  wise  to  order  two  or  three 
extra  barrels  of  cement,  if  the  dealer  is  at 
considerable  distance,  as  this  avoids  any 
possible  trouble  that  a  shortage  might 
cause.  Besides,  any  cement  left  over  al- 
ways comes  in  handy  for  repair  work 
around   the  house  or  barn. 
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The    Methods    and    Cost    of    Laying 
Small  Gas  Mains  on  Six  Jobs 

llV    W      II.    M.\ll_\t  K. 

In  this  article  the  cost  is  given  of  laying 
4-in.,  ti-in.,  and  lU-in.  gas  niain>  on  li  dif- 
ferent jobs,  there  l>eing  a  total  of  l(i,!»-J4 
lin  ft  of  pipe  laid.  The  l>>-in  main  was 
first  laid,  the  ti-in.  and  4-in  following.  The 
worii  wa>  done  in  the  niontlis  of  May  and 
June.  i!»u8.  The  weather  during  that  spring 
was  unusually  wet  and  all  costs  arc  a  little 
higher  than  thry  should  be.  yet  the  tables 
will  give  a  fair  idea  of  what  work  will  cost 
under   such   conditions. 

The  ditch  averaged  3  ft.  •»  ins.   in  depth 


!N.iir<  III  bacl<-tilling  the  trench  the  earth 
was  hand  tamped  in  from  1!  If>  H-in  layers. 
The  tram  was  used  in  handling  pipe  and 
other  supplies  from  the  plant  tx>  the  job, 
an  average  distance  of  two  miles. 

The  following  wages  were  paid :  Fore- 
man 27H  cts  per  hour :  calkcrs  22  to  2-'> 
cts.  per  hour;  lalxirers  17  cts.;  team  and 
driver  4o  cts.;  watchman  17V4  cts.  and 
water-boy  l-i  cts.  per  hour.  .\  night  watch- 
m^y  was  employed  throughout  the  job  and 
a  man  for  Sundays. 

The  cost  of  the  work,  divided  into  vari- 
ous items  of  labor  for  each  lineal  foot,  is 
shown  in  Tables  I  and  II. 
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Fig.   1 — Sketch  Showing   Method  of  Crossing  Creek, 


and  was  28  ins.  wide.  The  soil  was  half 
and  half  sandy  clay  and  gumbo,  with  the 
exception  of  about  1-Vi  ft.  of  quicksand  en- 
countered in  laying  the  If-in.  line.  The 
pi-Iin  line  was  almost  all  laid  on  rainy 
days  in  a  wot  ditch.  From  l.VXl  to  2,(iOii 
ft  of  the  ditch  were  one-third  full  of  water 
at  one  time,  which  caused  it  to  cave,  and 
about  W)0  ft,  had  to  be  redug,  aside  from 
bailing  the  water  with  buckets  from  some 
2,000   ft.  of  it. 

\  creek  was  crossed  with  the  10-in.  line. 
Fig.  1  shows  method  of  crossing  it.  Here 
lead  joints  were  used,  but  all  other  joints 
on  the  six  joi>s  were  made  with  cement 
The  following  fittings  were  put  in  on  the 
10-in.  line:  Three  10-in.  drips,  thirteen  .V 
in.  tees,  one  10-in.  cross,  and  one  lOxC-in 
reducer. 

The  fi-in  line  N'o.  1  was  laid  next  and 
under  similar  conditions,  and  the  follow- 
ing fittings  used:  Three  6-in.  crosses  and 
three  fix4-in.  tecs. 

The  4-in.  lines  were  put  in  when  the 
weather  was  good  and  the  soil  dry.  Rec- 
ords kept  in  laying  the  4-in.  pipe  showed 
that  3  ft.  of  yarn  would  make  four  joints 
and  that  one  sack  of  cement  would  caulk 
and  cap  32  joints  l.chigh  Portland  rr- 
ment  was  used,  and  tests  previously  made 
showed  tensile  strengths  of  from  300  to 
BOO  lbs.  per  sq.   in. 

The  gang  averaged  2'i  men.  The  best 
day's  work  consisted  of  'ii,  lengths  of  6-in 
pipe  and  29  lengths  of  4-in  pipe,  the  ditch 
being  opened,  pipe  laid   and  calked   in    10 


TABIX    I. 

Job    No ",\"  "1"  ••2" 

Size    4  in.  (i  in.  10  in. 

Total   ft.   laid 1,412  1,302  5.781 

Team   and  driver. .,  ,$ti.O07  $0,014  $0,023 

Foreman     0,007  0.005  0.0(i7 

SuperintendiiK-v     0.005  0.007 

Excavation                      0.040  0033  0.058 

Caulking                          OOi^H  (mm)7  0.012 

Back  fillin..                       ""Mo  oo:V2  0,058 

Sundry  expensrs 0.002  0.006 


Total  cost  per  ft.., $0,998    $0.O9ti    $0,171 


The    tundry    expense    item    is    for    the 
*  ' "    n  and  water  boy. 

pipe  was  tested  before  Roing  into 
•!.  •  and  alt  !• 

.11..'    i.'lriven.     Tli 

on  the  10-iii,  line  due  to  rain  over  night  on 
green  joints.  After  the  pipes  were  all  laid 
they  were  all  tested.  The  10-in.  line  was 
tested  from  four  parts.  The  others  were 
tested  once.  This  testing,  which  was  all  in 
the  air,  was  done  with  an  old  style  hand 
pump  that  required  10  men  to  operate.  In 
testing,  12  men  were  used,  10  to  pump  up 
the  line,  1  to  snap  joints  and  1  to  look 
after  the  gage.  The  time  consumed  by  a 
test  varied  from  45  mins.  to  IVi  hrs.  This 
time  is  distributed  as  well  as  possible  be- 
tween the  laborers  and  caulkers,  as  all  took 
a  hand. 

.After  completing  the  work  a  final  test 
was  made,  as  shown  by  Fig.  2.  The  piping 
was  placed  and  a  meter  set ;  the  pressure 
was  then  equalized  by  running  gas  from 
an  old  10-in.  line  through  the  I-in.  line  and 
into  the  new  line,  this  line  being  opened  at 
B  for  15  mins.  .At  the  end  of  this  time  B 
was  dosed  and  A  opened,  allowing  the  gas 
to  pass  through  the  meter  and  to  regis- 
ter. .After  the  register  was  made,  which 
tix)k  almost  Itl  mins.,  the  meter  was  read 
and  noted,  then  left  standing  for  2H  hrs. 
.At  the  end  of  that  time  it  was  reread  and 
finding  the  reading  to  be  the  same  as  at 
the  time  of  the  first  registering,  it  was 
known  that  no  gas  had  passed  through 
the  meter,  hence  there  were  no  leaks  in 
the  new  line.  The  following  day  men  were 
sent  along  the  line  and  all  drip  leads  were 
opened,  allowing  all  air  tu  pass  out. 
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Bids  are  again  being  asked  by  the  U.  S, 
Xavy  Department  for  the  construction  of 
a  dry  dock  at  the  Naval  Station  at  Pearl 
Harbor,  Hawaii  Territory.  Bids  for  the 
construction  of  a  1.200  ft.  long  dock  at  this 
station  were  opened  on  Dec.  1.  but  were 
rejected  owing  to  Lack  of  sufficient  funds 
to  construct   such  a  dock.     .A   revision  of 
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Fig,   2 — Sketch    Showing 

T  Mil  (■    II 

Job  N.                             !  C"  "D"' 

Size    4  111.  ti  in.  6  in. 

Total   ft,  laid 5W.  841  903 

Tram   and   dn\.  "        '  $<)  120 

Fiircman       ...  0 150 

."^            ■      '  II. .               , , .  .  mHij  . ., , 

I  ^                                     0,052  0  400  0.500 

Caulking                          0,007  01x19  O.tlO 

Rack  fdling                      "'*"•"  "  ' '"■  '"''^7 

Total  cost  per  it       jui..  ?"  1 .  ■  ?■■  i  1. 


Method   of    Making   Tests. 

the  plans  shortening  the  dock  to  620  ft., 
therefore,  has  been  made.  The  structure 
will  be  built  in  such  a  way  that  at  any  fu- 
ture time  it  may  be  lengthened  by  the  addi- 
tion of  til.  ■  ok.  To  .1.  '  ■  this 
the  side  v.  .■  dock  wi  ex- 
actly as  if  ilu  '.  were  to  Lk  con- 
stnictcd.  and  .>  wall  will  be  built 
•If  ross  the  head  end  forming  a  closed  lusin. 
This  concrete  cross  wall  or  head  is  to  be 
in  such  a  manner  that  it  can  be  easily 
iviiiuved. 
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Cost  of  Drilling  Blast  Holes  By  Hand 
With  a  Churn  Drill. 

In  drilling  blast  holes  in  the  stripping 
of  iron  ore  on  the  Mesabe  Range,  Minn., 
in  many  cases  the  holes  are  drilled  by  men 
with  long  churn  drills.  The  stripping  is 
done  and  the  ore  is  excavated  by  means 
of  steam  shovels.  Even  where  the  material 
is  soft  enough  to  be  dug  by  the  shovel 
direct,  it  makes  quicker  work  to  have  the 
banks  first  loosened  by  explosives. 

The  stripping  is  done  as  a  rule  in  lifts  of 
from  20  to  30  ft.,  until  near  the  ore,  when 
the  "clean  up  cut"  is  made  from  6  to  10  ft. 
In  the  ore,  cuts  are  made  from  10  to  25  ft. 
deep,  depending  on  the  grade  of  tracks,  and 
the  particular  part  of  the  ore  body  being 
excavated.  In  most  cases  90-ton  steam 
shovels  with  2^/2  cu.  yd.  dippers  are  used 
for  both   stripping   and   mining  operations. 

The  holes  for  blasting  are  bored  to  the 
depth  of  the  steam  shovel  cutting  on  a 
20-ft.  lift.  High  lifts  are  not  worked  much 
on  account  of  the  banks  caving  in  on  the 
shovel,  thus  sacrificing  efficiency  in  shovel 
operation  to  safety  of  men  and  machinery; 
the  holes  are  placed  about  20  ft.  apart, 
staggered  along  the  bench,  two  abreast. 
The  drills  are  of  1-in.  to  1%-in.  octagonal 
steel,  with  1%-in.  bits,  and  are  operated 
by  from  2  to  4  men,  according  to  depths 
reached.  The  drills  are  lifted  by  means  of 
a  movable  steel  cross  piece  or  arm,  one 
for  each  pair  of  men.  The  cross  piece  is 
held  to  the  drill  by  wedges.  A  small  boul- 
der is  squibbed.  but  a  large  boulder  is 
drilled. 

In  the  stripping,  one  man  averages  10 
ft.  of  hole  in  10  hrs.  In  ore,  24  ft.  per  man 
are  drilled  per  day.  With  4  men  in  a  gang, 
and  with  wages  at  $2  per  day,  the  cost  of 
drilling  for  labor  for  40  lin.  ft.  of  hole  is 
$8,  or  20  cts.  per  lin,  ft.  This  gives  a 
cost  of  about  1%  cts.  per  cu.  yd.  In  a  24-ft. 
bench  of  ore,  the  cost  of  drilling  per  linear 
foot  of  hole  is  8  cts.  This  makes  a  cost 
of   %    ct.  per   cu.   yd. 

These  costs  are  very  reasonable  for 
hand  work,  but  it  would  seem  that  they 
could  be  reduced  by  using  a  blast  hole 
drilling  machine.  The  cost  of  operating 
such  a  machine  per  day  would  be  about  $8 

(see      ENGlNEERrNC-CONTRACTING,      Sept.     9. 

1008.  p.  105),  made  up  as  follows: 

Driller     ■  •  •  -$3.00 

Helper    2-00 

Coal,  water,  etc.    .  .  •  • 1.50 

Int.,  depreciation  and  repairs 1.50 

Total    $8.00 

Assuming  that  the  machine  would  drill 
but  40  ft.  per  day  in  stripping,  the  cost 
would  be  the  same  as  for  hand  work,  but 
such  a  machine  would  drill  frotn  50  to  60 
ft.  per  day  in  such  material,  thus  reducing 
the  cost.  Many  of  these  machines  are 
used  in  the  Lake  Superior  district  and  have 
proved  economical.  In  view  of  the  fact 
that  in  these  regions  labor  is  often  scarce, 
it  seems  strange  that  the  hand  method  of 
churn  drilling  should  be  continued. 


Method    of    Recovering 
Drill* 


a    Diamond 


BY    CLARENCE    M.    HAIGHT. 

Recently  in  putting  in  a  diamond  drill 
hole  on  the  property  of  the  Michigan  Cop- 
per Mining  Company,  Rockland  Mich.,  a 
breakage  occurred,  that  was  dealt  with  in 
a  peculiar  manner,  and,  in  view  of  the  im- 
portance of  diamond  drilling  as  a  means  of 
prospecting,  the  following  note  may  be  of 
interest.  The  mode  of  procedure  was  orig- 
inal, in  so  far  that  no  one  connected  with 
the  drill  work  at  the  mine  had  ever  seen 
or  heard  of  a  similar  solution  of  the  prob- 
lem. 

.\  nearly  liorizontal  prospecting  hole  was 
lieing  drilled  from  a  point  in  one  of  the 
underground  workings.  The  machine  was 
a  Sullivan,  of  the  "H"  type,  taking  out 
a  1%-in.  core.  The  core-shell  had  become 
worn  thin  by  use,  so  that,  at  a  depth  of  460 
ft.,  it  buckled  under  the  working  pressure 
of  the   rods  and  jammed  in  the  hole. 

The  first  step  was  to  get  the  drill-rods 
out  of  the  hole.    Jack-screws  were  applied 


Fig.  2. 


at  the  mouth  of  the  hole  to  a  gland  bolted 
on  the  rods,  sufficient  strain  being  applied 
to  break  off  the  core-shell  close  to  the  core- 
lifter.  It  was  found  that  the  force  re- 
quired for  this  stretched  the  460  ft.  of  rods 
6  ins.  Next,  the  stump  of  core  left  in  the 
hole  had  to  be  removed.  As  a  chopping- 
bit  could  not  be  used  for  this  purpose,  with- 
out great  risk  of  injuring  the  diamonds,  a 
special  tapering  bit  was  made,  as  shown 
by  Fig.  1.  The  larger  end  of  this  bit  fitted 
closely  enough  in  the  hole  to  center  ana 
guide  the  boring  end  in  grinding  out  the 
core.  This  done,  the  bit  was  replaced  by  a 
taper  tap,  with  which  the  core-lifter  was 
recovered. 

Finally,  a  pointed  drill  (Fig.  2)  was 
made  of  tool  steel,  properly  tempered,  and 
put  on  the  rods.  With  this  the  remains 
of  the  broken  core-shell,  together  with  a 
portion  of  the  original  diamond  bit,  were 
cut  away  until  the  bit  itself  was  loosened 
in   the  hole.     What   was   left  of     the     bit. 


though  only  1-in.  long,  was  then  easily 
recovered  by  a  tap,  and  the  diamonds  were 
found  to  be  uninjured.  In  using  the  point- 
ed drill  (Fig.  2),  great  care  had  to  be 
taken  to  avoid  running  into  the  diamonds. 
To  this  end,  the  feed  of  the  drill  was  ac- 
curately measured  while  the  cutting  was 
in  progress.  On  recovering  the  bit  it  was 
found  that  there  was  still  a  margin  of  % 
in.  of  steel  above  the  first  diamond. 


Method  and  Cost  of  Shore  Protection 

by  Revetment,  Missouri,  Kansas 

&  Texas  Railway.* 

The  revetment  put  in  by  the  Missouri, 
Kansas  &  Texas  along  the  Missouri  River, 
for  shore  protection,  is  built  like  that  along 
the  Missouri  River,  which  have  been  put 
in  liy  the  Missouri  River  Commission,  and 
averages  about  60  ft.  in  width.  The  first 
work  put  in  by  this  company  was  during 
1897,  and  extends  from  the  east  city  lim- 
its of  St.  Charles  down  the  river  for  9,000 
ft.  .\  rock  dike  was  first  built  out  into 
the  river,  and  a  boom  made  of  heavy  tim- 
bers was  anchored  to  the  lower  side  of  the 
dike,  and  laid  parallel  with  it.  From  this 
boom  the  mat  was  started,  having  its  full 
width  at  the  beginning.  The  mat  was  first 
woven  and  sunk,  and  then  the  bank  was 
graded  by  hydraulic  power  to  a  slope  of 
2  to  1,  and  then  paved  from  the  top  down. 
In  1903,  work  was  extended  3,000  ft. 
down  the  river,  and  was  done  in  the  same 
way  as  the  first  section,  with  the  exception 
that  the  mat  was  anchored  at  the  starting 
point  with  piles  instead  of  the  boom. 

In  1906,  revetment  was  again  extended 
7,200  ft.  On  this  last  section  the  bank 
was  graded  to  a  slope  of  2%'  to  1  in  ad- 
vance of  weaving  the  mat,  as  considerable 
trouble  had  been  experienced  on  former 
work,  on  account  of  material  from  the 
hank  covering  the  mat,  so  that  a  connec- 
tion between  paving  and  mat  could  not  be 
properly  made. 

Grading  on  this  section  was  done  with 
a  small  hoisting  engine  on  a  barge,  as  fol- 
lows: A  derrick  was  erected  on  a  barge, 
having  a  boom  long  enough  to  reach  the 
top  of  the  bank  to  be  graded,  a  No.  8 
wheeler  scraper  pan  was  pulled  along  this 
boom  from  the  barge  to  the  top  of  bank, 
by  a  mule  on  the  bank,  and  was  held  in 
place  by  two  men  and  filled,  and  then 
dragged  down  the  bank  by  the  hoisting  en- 
gine. The  beginning  of  the  mat  was  an- 
chored to  deadmen  on  top  of  the  bank 
about  200  ft.  up  stream,  and  weaving  was 
begun  about  100  ft.  back  on  the  old  mat,  so 
that  the  full  width  of  the  new  mat  was 
gotten  where  the  unprotected  bank  com- 
menced. 

In  1908,  4,000  ft.  of  revetment  was  put 
on  the  north  side  of  the  river  just  above 
Boonville  bridge.  At  Kingsbury,  there  is  a 
siding  on  the   west  side  of  main  line,  and 


•Reprinted    from     the     "School     of    Mines 
Quarterly.' 


•Description  of  work  by  R.  M.  Garrett. 
Re.«iicient  Engineer,  given  In  the  report  of  tlie 
rommittee  on  Roadway  to  tlie  American 
l!rtihvay  Engineering  and  Maintenance  of 
\Va>'    Association. 


March  31.  njOij. 
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out  of  the  south  end  of  {hi-  tr;ick  ihr  spur 
wa<  built  to  the  river ;  this  required  a  iiuin 
track  0,500  (t.  in  length,  and  n  spur  track 
*00  ft.  in  length  Track  was  laid  about  •'» 
to  ^1  ft  fruin  tup  of  bank  all  aUniK  wherc 
revcinient  was  to  go  in,  so  that  riK'k  could 
be  unloaded  and  used  with  as  little  hand- 
hng  as  possible  The  Imnk  was  first 
graded  to  a  slope  of  2H  to  I  by  teams :  the 
mat  was  then  woven  and  sunk,  and  the 
«k>pc  paved  from  bottom  up.  It  is  the  de- 
scription of  this  last  section  that  will  be 
given,  as  the  only  diflferences  between  this 
and  other   works  are  those   meiitioiu-d 

The  bank  was  alK>ut  If*  it.  higher  than 
what  was  taken  as  the  average  low  water: 
the  soil  is  mostly  .1  very  tine  sand  and 
very  little  gnmlKi :  the  bank  was  clear  of 
timber  and  brush,  but  there  were  several 
I  large  sn.-igs  where  the  mat  was  to  lay  that 
were  taken  out  by  sawing,  blowing-out  and 
using   teams   an<l  line 

Shovelers  first  dug  along  the  tt>p  oi  the 
]>ank  and  shoveled  down  all  the  perpen- 
dicular and  overhanging  points,  so  as  to 
make  it  safe  for  a  mule  to  walk  along  close 
to  the  edge ;  then  a  two-mule  team  plowed 
two  or  three  furrows  as  close  to  the  edge 
■of  the  bank  as  team  could  be  gotten.  The 
mules  were  then  hitched  to  a  "go-devil," 
constructed  of  two  "2xlt'-in.  plank  8  ft 
lonp.  fastened  together  at  the  front  end 
and  flared  to  about  4  ft.  at  the  back  ci:d ; 
it  required  one  man  to  drive  the  mules  and 
one  man  In  weight  the  drag.  This  was 
then  run  along  the  back  side  of  furmws, 
and  the  loose  earth  shoved  toward  the 
river.  After  the  liank  began  to  slope,  two 
or  three  slips  were  put  on,  and  the  bank 
brought  to  the  desired  slope. 

It  will  l>c  seen  that  only  about  half  of 
the  material  in  slope  is  moved,  as  the  ex- 
cavation makes  the  fill  and  does  not  wash 
away,  as  it  does  when  grading  by  hyilraul- 
ics.  It  was  found  that  with  this  material 
the  filled  portion  was  as  solid  as  the  nat- 
ur.il  surface  Grading  was  never  carried 
further  than  2<X'  ft.  in  advance  of  weaving, 
as  the  barges  from  which  the  mat  was  be- 
ing woven  would  protect  the  bank  from 
the  current   for  this  distance. 

The  mat  was  woven  60  ft.  wide  with  a 
selvage  edge  on  the  out-stream  side,  and 
sunk  parallel  with  the  shore  with  the  inner 
edge  about  3  ft  above  the  average  low- 
water.  The  mat  was  strengthened  with 
■five  double  rows  of  H-in  galvanized  steel 
cable — 7  strands  of  No.  II  Ifire— laid  long- 
itudinally one  above  and  one  below,  and 
anchored  with  a  double  row  of  similar 
■cable  laid  transversely  every  l'">  ft  and 
fastened  to  deadmen.  buried  .1  ft.  deep  and 
located  l-*>  ft.  back  from  the  upper  edge  of 
slope.  M  every  intersection  of  the  longi- 
tudinal with  the  transverse  rows,  the  four 
cables  are  fastened  together  with  a  H-in. 
\J  clip  The  transverse  rows  are  fastened 
Ij  to  deadmen  by  wrapping  one  cable  armmd 
the  deadman  twice  and  then  fastening  it  to 
the  other  cable  with  two  %-in.  I'  clips. 
The   deadmen    arc    pile   butts   alxjul    -J    ft. 


long,  and  the  object  in  fastening  the  cable 
to  them,  as  mentioned,  is  to  allow  the 
cables  to  slip  when  loaded,  so  that  the  same 
strain  will  be  on  lioth  the  under  and  upper 
cables.  The  willows  were  cut  from  bank 
of  river  about  one  mile  above  the  mat,  and 
were  hauled  by  wagons,  hauling  about  l.ti  . 
cords  to  the  load  The  road  was  bad  at 
times,  and  it  required  a  snap  team  to  pull 
out  of  the  mudholes,  but  most  of  the  lime 
the  road  was  in  good  shape.  It  required 
11(5  cord  of  brush  to  100  sq.  ft.  of  mat; 
average  thickness  of  mat,  about  18  ins. 

Weaving  was  started  at  a  point  at  the 
upper  end  and  gradually  widened  out  to 
lull  width,  anchors  being  placed  for  longi- 
tudinal cables  in  the  top  of  the  bank  about 
100  ft.  aljove  the  upper  end.  The  mat  was 
woven  with  four  small  bags  fastened  to- 
gether, so  as  to  make  the  desired  width. 
Fingers  of  skids  were  built  on  barges  out 
of  3.xl°2-in.  plank,  24  ft.  long,  and  spaced 
5  ft.  apart,  ciitending  from  the  water  level 
on  up-stream  side  to  an  elevation  of  3  ft. 
above  floor  of  barge  at  a  point  about  3  ft. 
back  from  down  stream  side.  .Spools  of 
cable  were  set  under  the  down-stream  ends 
of  the  fingers  at  the  proper  position  for  the 
under  longitudinal  cables,  so  that  cable 
would  unwiiid  as  the  barge  was  let  down 
stream.  The  barge  was  anchored  at  the 
shore  end  to  the  track,  and  at  the  upper 
end  to  the  mat  that  had  been  woven.  The 
mat  was  woven  on  the  barge  as  high  as 
the  fingers  would  permit,  and  cable  and 
clip  men  would  pull  the  under  cables 
through  the  mat  by  means  of  an  iron  hook 
about  2  ft.  long,  and  the  top  longitudinal 
cables  were  run  under  these,  and  all  were 
fastened  together  with  a  %-in.  clamp.  The 
barge  was  then  pulled  from  under  the  mat 
with  a  team,  and  anchor  ropes  slacked 
just  enough  so  that  about  3  ft.  of  mat 
would  be  left  on  fingers.  Top  longitudinal 
cables  were  cut  off  of  reel  on  shore  in 
lengths  of  about  100  ft.,  and  spliced  to- 
gether with  a  square  knot  on  mat,  as  the 
work  proceeded. 

The  mat  was  sunk  and  held  down  with 
stone  weighing  from  30  to  50  lbs.  An 
average  of  1.5  cu  yds.  of  stone  being  used 
per  llMl  sq.  ft.  of  mat.  Rock  for  sinking 
was  unloaded  from  cars  onto  shoulder  of 
slope  and  wheeled  in  wheelbarrows  out 
onto  the  barge,  anchored  lengthwise  across 
the  mat,  and  dumped  along  the  edge  of 
barge.  The  mat  was  sunk  from  the  shore 
side  out,  so  that  it  would  settle  away  from 
snore  and  the  transverse  cables  would 
tighten  up.  Sinking  was  kept  at  least  100 
ft  back  from  weaving  barge  to  prevent 
pulling  the  mat  off  of  barge.  When  the 
water  was  higher  than  the  proper  elevation 
for  the  shore  side  of  mat,  it  was  sparred 
out,  so  that  in  sinking  ii  wo'.dil  sriilr  to 
its  proper  position. 

The  rock  for  paving  the  ^Iciju-  was  un- 
loaded from  cars  onto  slope  and  rolled 
down  to  the  iKJttom.  where  paving  was  be- 
gun. Paving  is  10  ins.  thick,  and  was 
paved     from    the    bottom    up,    care    being 


taken  to  fill  all  the  cracks  with  small  stone. 
At  the  upper  edge  of  paving,  spawls  were 
piled  so  as  to  keep  the  surface  water  from 
washing  imder  the  paving  and  starting  it 
to  roll.  .■\s  long  as  the  water  was  low,  » 
good  connection  was  gotten  t>etwcen  pav- 
uig  anil  mat,  but  there  were  parts  of  this 
work  that  were  paved  during  high  water, 
and  the  rock  slid  in  afterward,  making  re- 
pairs necessary.  The  work  done  on  the 
first  section  in  I8!>7  is  in  very  good  shape 
today.  The  mat  has  rotted  where  it  has 
been  exposed  to  the  air,  but  the  paving  is 
in  good  condition. 

There  have  been  some  slides  on  the 
work  done  in  lOOC.  .At  these  places  it  was 
found  that  the  rock  was  settling  under  the 
edge  of  the  mat.  These  were  places  where 
the  bank  had  washed  after  mat  had  been 
put  in,  and  the  mat  does  not  lie  up  on  the 
bank  as  it  should. 

Considerable  trouble  has  been  experi- 
enced on  account  of  the  eddy  caused  by 
the  end  of  revetment.  .\t  Boonvillc  bridge, 
the  revetment  ends  at  an  old  rock  dike,  and 
no  difTiculty  is  expected  at  that  point  but 
at  all  of  the  other  places  it  has  given 
trouble.  At  the  end  of  the  work  done  in 
1906  it  is  probably  more  noticeable.  The 
revetment  at  this  place  was  ended  at  a 
place  where  the  bank  extended  out  into  the 
river  400  or  500  ft.,  and  now  the  bank  is 
100  ft.  further  in  than  the  revetment,  and 
the  revetment  has  been  repaired  twice  on 
account  of  the  river  washing  behind  the 
end,  and  allowing  the  rock  to  fall  in. 

The  cost  of  the  Boonville  revetment  is  as 
follows:  Cost  per  linear  foot  for  60-ft. 
mat :  banks  18  ft.  above  low  water ;  la- 
borers paid  $1.50  per  day;  foreman  $4,  and 
teams,  $3.50.  This  does  not  include  inter- 
est on  investment  or  make  allowances  for 
r.iiny  days  and  moving,  but  is  the  actual 
cost.  The  contractor's  profit  is  included 
in  the  track  work  only: 

Item—  Per-lin.  ft 

Grading  bank,  per  lin.  it  $<\I3 

Weaving    mat    410 

Sinking  mat  .110 

Paving    slope    230 

Willows,  including  cutting,  hauling 
and  unloading,  and  price  paid  land- 
owner     340 

Rock,  at  $0  75,  delivered  on  site  (2.3 
cu.  yds.  to  the  lin  ft  '  1  730 

I'nioading  rock    120 

Spotting    cars    with   teams..  'KM 

Hauling  deadmen  auil  c:il>Ie  018 

Taking  out  snags.  i>30 

Cable  and  Clips : 

I2i;n— H-in    clips   at      iNi..     75.60 
7ir»— »fc-in.   clips  at     .OIIV    26  16 

|il7|.V>-  ^   ill     .-ablr    :il    I  (Ml     1071  .Vi 

ii7.;.(.    .:m)0 

Deadmen,    270   at    50  =  $i:VV00 035 

Track,  7.".00  tin.   ft. 

Labor,     grading,      including 
contractors'    profit 1581.90 
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Labor,   laying 1493.20 

Taking  up 1000.00 

4075.10 
Bridge   across   draw.......'.  460.00 

■."._£ 

'■4535.10  1.14<i 
Grading  sptir  fo  quarry,  $393.50...     .074 

Total   cost   per  lin.    ft $4.67 


Cost  of  the  Whalen  Dike,  North  Platte 
Project. 

The  following  tables,  taken  from  the 
March  Reclamation  Record,  show  item- 
ized estimates  of  the  unit  costs  to  the  con- 
tractor of  building  an  earth  dike  at  Wha- 
len, W3'0.,  and  of  backfilling  around  the 
headworks  of  the  proposed  Fort  Laramie 
Canal.  The  work  was  performed  during 
the  period  from  October,  1908,  to  January, 
1909,  and  the  weather  and  labor  conditions 
were  generally  favorable.  In  the  coldest 
weather,  however,  some  extra  labor  was 
occasioned  b}'  the  necessity  of  plowing  the 
borrow  pits  at  night  to  prevent  trouble 
from  freezing.  The  wages  paid  were  for 
foreman,  $4  per  day;  teamsters,  $0.22% 
per  hour ;  loaders  and  dump  men,  $0.25  per 
hour,  and  teams,  $2  per  day.  The  con- 
tractor was  an  experienced  man  in  han- 
dling earthwork.  The  material  was  gen- 
erally a  sandy  loam  of  the  best  quality  for 
plowing  and  scraping. 

The  material  for  the  main  like,  amount- 
ing to  22,598  cu.  yds.,  was  all  taken  from 
a  borrow  pit  situated  above  the  dam.  The 
average  haul  was  600  feet  and  the  material 
w-as  moved  mainly  with  wheel  scrapers  and 
Man.ey  four-wheel  scrapers.  The  back- 
filling for  the  Fort  Laramie  headworks, 
amounting  to  4,550  cu.  yds.  was  taken 
from  a  borrow  pit  below  the  dam.  The 
average  haul  for  this  material  was  1,000 
feet  and  it  was  handled  in  two-wheel 
scrapers,  the  conditions  not  permitting  the 
use  of  the  larger  wheelers. 


Dike, 

Backfilling, 

22,598 

4,650 

cu.  yds. 

cu. 

yds. 

Di.stribution. 

unit  cost. 

unit 

cost. 

Labor — • 

Foreman    .    . 

.     .$0  014 

$0,030 
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Roads  and  Streets  Section 


Note :  This  Section  is  devoted  to  methods  and  costs  of  road  and  street  con- 
struction. It  will  cover  road  building  in  all  its  details,  the  construction  of 
pavements,  sidewalks  and  gutters,  the  testing  and  use  of  paving  materials  and 
the  machinery  and  tools  used  in  road  building  and  paving. 


According  to  a  recent  government  re- 
port there  are  in  Portugal  8,920  miles  of 
maicadamized  roads  and  2,461  miles  in 
construction. 


Economic  Hints  for  Macadam    Road 
Contractors. 

(Continued    from    March   24   issue.) 

82.  Bear  in  mind  that,  in  repairing  old 
macadam  roads,  much  roller  time  may  be 
lost  due  to  stopping  to  permit  teams  to  pass. 
In  extreme  cases  the  amount  of  time  thus 
lost  may  be  50  per  cent. 

83.  For  repairing  macadam  a  12  to  15 
ton  roller  is  considered  preferable  by  some 
road  builders.  If  spikes  are  used  in  the 
roller  to  pick  up  the  old  macadam,  a  heavy 
roller  is  more  effective  than  a  light  one. 
Furthermore,  since  there  is  no  subgrade  to 
be  rolled  when  repairing  macadam,  a 
heavier  roller  is  more  effective.  The 
English  authorit}',  Aitken,  says  that 
in  repairing  macadam,  where  a  3  or  4-in. 
course  of  new  stone  is  laid  on  the  old 
macadam  road,  a  15-ton  roller  will  com- 
pact 66  tons  (of  2,240  lbs.  of  stone)  per 
day,  a  12-ton  roller  will  compact  50  tons, 
and  a  10-ton  roller  will  compact  40  tons. 
When  working  on  hills  they  will  com- 
pact less  per  day.  This  estimate,  he  says, 
is  based  on  the  assumption  that  about  15 
mins.  are  lost  every  hour  waiting  to  let 
teams  go  by.  Aitken  does  not  include  the 
weight  of  the  binder  in  the  above  estimate 
of  weight  of  stone  consolidated.  Aitken 
says  that  4  ton-miles  of  engine  travel  are 
required  to  compact  each  ton  of  broken 
stone  on  repair  work.  He  says  that  in 
France  2%  ton-miles  of  engine  travel  are 
required  per  cubic  yard  of  stone  consoli- 
dated, the  engine  traveling  at  a  maximum 
speed  of  2%   miles  per  hour. 

84.  There  are  usually  city  ordinances  that 
prescribe  the  conditions  under  which  a 
steam  roller  may  be  moved  from  one  part 
of  the  city  to  another  Familiarize  your- 
self with  these,  not  only  to  avoid  fine  for 
violation,  but  to  aid  in  your  defense  in 
case  of  lawsuit,  due  to  accident  from  a 
runaway  team, 

85.  If  possible  barricade  the  road  or  street 
that  you  are  rolling  and  keep  out  all  teams 
not  in  your  employ.  But,  even  if  an  outside 
teamster  or  driver  takes  dow'n  a  barricade 
or  disregards  a  sign,  your  roller  engineman 
must  stop  his  roller  when  the  team  draws 
near,  or  you  will  be  rendered  liable  for 
any  damage  due  to  a  runaway.  Steam 
should  be  shut  off  when  a  strange  team  is 
near,  for  some  horses  are  greatly  alarmed 
by  its  hissing  sound. 

80.  To  prevent  stealing  of  the  brass  parts 
etc,  it  is  usually  necessary  to  have  a  night 
watchman  to  protect  the  roller  when  not 
in  use  This  additional  expense  should  not 
be  overlooked  in  estimating  cost  of  rolling. 

87.  Many   small   highway  bridges   on   un- 


improved roads  are  not  strong  enough  to 
carry  a  10-ton  roller  safely.  Inspect  all 
such  bridges  carefully  before  taking  the 
roller  over  them.  It  is  frequently  neces- 
sary to  put  some  wooden  posts  under  a 
bridge  to  stiffen  it  during  the  passage  of 
the  roller. 

88.  A  10-ton  roller  will  crush  12-in.  vitri- 
fied pipe  that  is  not  buried  more  than  2 
ft.  deep.  The  writer  had  several  hundred 
feet  of  such  pipe  crushed  by  a  roller,  al- 
though it  was  covered  with  more  than  2  ft. 
of  earth.  The  backfilling  had  not  been 
rammed  in  layers,  and  it  is  likely  that  the 
pipe  would  not  have  been  crushed  at  that 
depth  had  the  backfill  been  rammed  in  thin 
layers. 

89.  The  earth  subgrade  should  usually  be 
well  rolled  with  the  steam  roller.  Dry  sand 
can  not  be  compacted  with  a  steam  roller, 
but  pushes  in  w'aves  ahead  of  the  roller. 

90.  A  rolling  tamper  of  the  Petrolithic 
type  is  more  effective  for  compacting  a 
subgrade  than  any  other  tool.  When  a 
rolling  tamper  is  used  the  subgrade  must 
first  be  plowed,  so  that  the  tampers  can 
sink  to  the  hilt  in  the  loose  soil  and  start 
tamping  from  the  bottom  up.  There  is 
no  bridging  action  where  this  tool  is  used, 
and  no  soft   spots  are  left. 

91.  If  much  repairing  of  macadam  is  to 
be  done,  use  a  scarifier  pulled  by  the  roller, 
instead  of  using  picks  in  the  rear  wheels  of 
the  roller.  A  roller  used  to  break  up  old 
macadam  by  means  of  picks  undergoes  se- 
vere jolting  which  loosens  the  boiler  tubes 
and  shakes  the  rest  of  the  machinery  badly. 

92.  As  road  work  is  done  in  the  sum- 
mer when  the  days  are  long,  a  roller  can  be 
worked  two  8-hour  shifts,  or  16  hours  out 
of  the  24,  if  enough  stone  is  delivered  to 
keep  it  busy.  One  shift  will  begin  at  4 
a.  m.,  and  extend  till  noon ;  the  other  shift 
will  begin  at  noon  and  extend  to  8  p.  m.. 
In  such  cases  the  engineman  must  not 
spend  more  than  15  mins.  eating  his  lunch, 
during  the  period  that  the  roller  is  taking 
on  water  and  coal.  A  fireman  can  then 
be  hired  for  night  watchman,  and  no  time 
will  be  lost  by  the  engineman  in  the  morn- 
ing firing  up. 

93.  In  northern  climates  a  roller  sel- 
dom works  more  than  125  days  a  year,  and 
the  average  is  usually  not  much  more  than 
100  days.  Since  a  steam  roller  is  a  rather 
expensive  part  of  a  contractor's  plant,  it  is 
particularly  economic  to  work  it  two  shifts 
daily.  On  the  other  hand,  if  a  contractor 
has  abundance  of  capital,  the  interest 
charge  on  the  roller  is  not  a  large  item  per 
day,  and  the  depreciation  and  repair  item 
is  light.  A  steam  roller  has  a  life  of  at 
least  25  to  30  years,  when  worked  one  shift 
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<laily,  W)  to  12'j  da>-  a  >t.ii  <.iuiciii  rc- 
|iuir«  and  (lc|>rrciatiiiii  ili>'<rilitilril  uvcr  the 
entire  life  of  a  roller  will  amount  to  less 
than  I*  per  cent  of  its  lir^t  co'.t  jrarly.  Cur- 
rent repairs  during  the  first  half  of  its 
life  arc  very  »linht  — about  $T.'i  to  $90  a 
year. 

!M.  At  ilif  end  ni  tin-  wnrkini;  Masi>n, 
remove  all  the  brasses  and  other  parts  that 
•  be  stolen,  and  house  the  roller  in 
■  I  or  barn  that  docs  not  leak,  after  cov- 
crniK  all  bright  parts  of  the  machinery 
with  a  heavy  coat  of  railroad  car  grease. 
Lay  heavy  planks  for  the  wheels  to  rest  on, 
II  there  is  no  floor  in  the  shed. 

W.  Select  an  engineman  for  the  roller 
who  can  make  daily  reports  of  progress 
ami  can  serve  as  a  foreman  of  the  few 
iiii-n  engaged  in  spreading  the  stone.  There 
IS  no  necessity  of  a  regular  foreman  i«f  these 
men. 

!Hi.  If  creek  or  river  water  for  sprinkling 
can  be  had  only  hy  making  a  long  haul, 
it  is  often  possible  to  find  water  close  at 
hand  by  boring  small,  shallow  wells  at  in- 
tervals along  the  road.  An  examination  of 
farm  wells  may  indicate  the  possibilities  of 
securing  an  adequate  supply  in  this  manner. 
<  )ftcn  it  will  pay  to  arrange  with  farmers 
I"   secure   water   from   their   wells 

!>7.  .\  small  gasoline  pumping  engine 
and  a  portable  tank  that  can  be  mounted  on 
legs  or  posts  should  be  used  to  supply  the 
sprinkler  with  water.  If  the  driver  of  the 
sprinkler  is  required  to  pump  the  water,  the 
team  will  lose  much  of  its  time  waiting  for 
the  sprinkling  cart  to  be  filled. 

!•(<.  One  workman  with  a  good  hand 
pump  can  pump  1,<X>0  cu.  ft.  (or  7,.j00  gals.) 
of  water  to  a  height  of  16  ft.  in  10  hrs. 
Since  about  8  cu.  ft.  of  water  are  often 
used  per  cubic  yard  of  macadam,  and  since 
A»  cu.  yds.  of  macailani  ( iiuasured  rolled 
in  place)  constitutes  the  average  day's  work 
of  a  roller  there  may  be  required  320  cu. 
ft.,  or  •-'.400  gals,  of  water  per  day  for 
sprinkling.  This  does  not  represent  enough 
work  to  keep  a  laborer  constantly  busy 
pumping  into  a  tank,  yet  it  represents  too 
much  work  for  a  teamster  to  do  when  the 
lost  time  of  his  team  is  considered. 

!>!'.  .A  sprinkler  holding  (JO  cu.  ft.,  or  4^>V 
gals.,  can  Ik-  loaded  in  10  mins.  from  a 
tank,  and  it  will  discharge  its  load  in  about 
the  same  time.  Hence,  by  tigiiring  on  a 
speed  of  KO  ft.  per  minute,  or  '2Vi  miles 
an  hour,  traveling  between  the  tank  and  the 
place  of  delivery  on  the  road,  it  is  easy  to 
rsiimate  how  many  sprinkling  wagons 
will  be  needed. 

100.  If  two  or  more  rollers  arc  being 
worked  at  the  same  time,  it  will  frequently 
pay  to  have  an  extra  sprinkling  wagon 
which  is  b;ing  loaded  with  water  while 
the  loaded  wagon  is  being  hauled  to  the 
road.  Not  only  is  team  time  saved  in  this 
manner,  but  if  the  extra  wagon  is  being 
loaded  with  water  by  a  man  using  a  hand 
pump,  there  is  no  necessity  of  providing 
a  stationarv  tank. 


I>il  It  uater  hauls  .m  I'n^.  ii  is  usually 
wise  to  have  4  to  G  horses  hitched  to  a 
targe  lank  wagon.  Rven  with  moderate 
hauls,  this  i»  the  commi>n  practice  in  ("ili- 
fornia ;  I,'""*)  gallons  in  a  tank 
readily  hauled  by  (i  horses  over  t 
earth  roads. 

(To  be  continued.) 


MacadamConstructionwith  Asphaltum 
Binder  in  New  Jersey. 

During  the  past  year  a  number  of  ex- 
periments were  conducted  in  New  Jersey 
under  the  direction  of  the  State  Coinniis- 
sioner  of  Public  Roads  on  the  use  of  heavy 
asphaltum  oil  as  a  binding  substance  in 
macadam  ro,-i<i  construction.  Specilications 
have  just  l)een  issued  by  the  State  Commis- 
sioner covering  the  use  of  asphaltum  bind- 
er in  macadam  construction. 

The  sections  of  the  specifications  that 
refer  particularly  to  the  macadam  construc- 
tion .ind  asphaltum  binder  are  as  follows: 

.After  the  road-bed  has  been  formed  ami 
rolled  as  above  spccilicd.  and  has  passed  the 
inspection  of  the  engineer  and  supervisor, 
the  first  layer  of  broken  stone,  consisting  of 
•JH-in.  stone,  or  stone  that  will  pass 
through  a  ring  3  ins.  in  diameter,  shall  be 
deposited    in    a    uniform    layer,    having    a 

depth    of    inches,   and    rolled 

repeatedly  with  a  10-ton  standard  steam 
macadam  roller  until  compacted  to  the 
satisfaction  of  the  engineer  and  super- 
visor. No  stone  in  this  course  shall  be 
less  than  2  ins.  in   length. 

The  depth  of  loose  stone  in  this  and  all 
other  courses  must  be  measured  by  blocks 
the  required  thickness  of  the  said  loose 
stone.  These  blocks  must  be  placed  at 
frequent  intervals  amid  the  loose  stone 
when  being  spread. 

On  the  first  course  of  stone  a  quantity 
of  stone  screenings  shall  be  spread  in  a 
uniform  layer,  and  the  whole  rolled  until 
the  stone  ceases  to  sink  or  creep  in  front  of 
the  roller,  the  quantity  and  quality  of 
this  binder  to  be  subject  to  the  approval 
of  the  engineer  and  supervisor.  Gravel 
found  along  the  line  of  the  road  or  fur- 
nished by  the  contractor  of  a  quality  ap- 
proved by  the  engineer,  shall  be  used  in 
addition  to  the  stone  screenings  as  a  binder. 
The  quantity  and  manner  of  applying  the 
gravel  to  be  subjc-ct  to  the  approval  of  the 
engineer  and  supervisor,  but  no  binder 
shall  be  applied  in  sufficient  quantity  to 
completely  cover  or  form  a  coating  upon 
this  course  of  stone. 

The  second  course  of  broken  stone  shall 
consist  of  m  in.  stone,  that  is,  every  piece 
of  stone  shall  be  broken  so  that  it  can  be 
passc<l  through  a  ring  2  ins.  in  diameter, 
and  no  stone  shall  be  more  than  2  ins.  or 
less  than  1  in.  long.  This  course  shall  be 
spread  in  a  uniform  layer  having  a  depth 
of  inches  and  rolled  with  a  ten- 
ton  standard  steam  macadam  roller  until 
thoroughly  settled  into  place  to  the  satis- 
faction of  the  engineer  and  supervisor. 
Dry,  clean,  sharp  sand,  free  from  loam  or 


clay  shall  tlun  Ik-   -pruii  III    -                           n- 

tity    to    fill   .Vi   per   cent  of   tli.                    A 

the  wb   '  n 

down  li 
■  inc. 

The  contractor  will  not  be  allowed  to 
spread  the  second  course  of  broken  stone 
until  he   is   ready   to  '    '     in 

binder,  as  hereinafter 
ly  after  this  cour 

pared.    When  so  d 

finish  the  contractor  must  prot'  r- 

tion  of  the  roadway  from  all  ry 

travel  that  will  lend  to  destroy  the  desired 
crown  of  the  macadam. 

When  the  second  course  of  broken  stone 
has  been  spread  and  rolled  as  i- 

fied,   asphaltum   binder   shall   be  .y 

means  of  a  mechanical  distributor  designed 
to  evenly  distribute  the  asphaltum  binder, 
to  rcgulatv  the  width  of  distribution,  to 
control  the  quantity  distributed  and  to 
maintain  the  asphaltum  binder  at  a  uniform 
temperature. 

The  quantity  of  asphaltum  binder  re- 
quired will  be  about  gallons  per  sq. 

yd.  of  macadam  surface,  and  the  tempera- 
ture of  the  same  when  applied  shall  be 
not  less  than  150  degrees  F.  or  more  than 
2(K»  degrees  F. 

.After  the  application  of  the  asphaltum 
binder  a  quantity  of  dry,  clean,  sharp  sand, 
free  from  loam  or  clay,  shall  be  spread  in 
a  uniform  layer  and  of  sufficient  depth  to 
prevent  the  stone  adhering  to  the  wheels 
of  the  roller.  The  rolling,  together  with 
the  spreading  of  additional  sand  to  take  up 
the  surplus  asphaltum  binder  forced  to  the 
surface,  shall  continue  until  the  stone 
ceases  to  sink  or  creep  in  front  of  the  roll- 
er. The  quantity  and  quality  of  the  sand, 
together  with  the  amount  of  rolling  requir- 
ed to  be  done,  shall  be  subject  to  the  ap- 
proval of  the  engineer  and   supervisor. 

Any  depressions  formed  during  the  roll- 
ing, or  from  any  other  cause,  are  to  be 
filled  with  I  Ml  in.  stone  or  \  in.  stone  or 
lioth.  together  with  asphaltum  binder  and 
sand,  as  ordered  by  the  engineer,  and  thr 
roadway,  when  rolled,  brought  to  the 
proper  grade  and  curvature  as  determined 
by  him.  Additional  asphaltum  binder  must 
also  be  applied  in  such  quantities  and  at 
such  points  as  directed  by  the  engineer, 
so  that  the  entire  surface  of  the  second 
course  of  stone  will  show  a  uniform  quan- 
tity of  asphaltum  binder  upon  its  face  be- 
fore the  spreading  of  the  surface  course  of 
stone. 

When  the  two  courses  of  stone  are  rolled 
to  the  satisfaction  of  the  engineer  and 
supervisor,  a  coat  of  50  per  cent  of  K  ia 
stone  and  50  per  cent  of  stone  dust,  prop- 
erly mixed,  shall  be  spread  of  sufficient  ' 
thickness  to  make  a  smooth  and  unifonn 
surface  to  the  rctd  and  to  absorb  any  ex- 
cess of  asphaltum  binder  that  may  be 
brought  to  the  surface  of  the  road  at  any 
time  and  from  any  cause,  then  again  rolled 
until  the  road  becomes  thoroughly  consoli- 
dated, hard  and  smooth. 
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Rolling  must  be  done  by  contractor  with 
a  ten-ton  standard  steam  macadam  roller, 
so  constructed  as  to  give  a  compressing 
power  of  not  less  than  400  lbs.  per  lin.  in 
on   drivers,    approved   by   the    engineer. 

In  the  rolling  the  roller  must  start  from 
the  side  lines  of  the  stone  bed  and  work 
towards  the  center,  unless  otherwise  direct- 
ed. The  rolling  shall  at  all  times  be  sub- 
ject to  the  directions  of  the  engineer  and 
supervisor,  who  may,  from  time  to  time, 
direct  such  methods  of  procedure  as  in 
their  opinion  the  necessities  of  the  case 
may   require. 

No  water  will  be  allowed  in  the  construc- 
tion of  the  macadam  work.  The  stone  to 
which  the  asphaltum  binder  is  to  be  ap- 
plied must  be  dry  at  the  time  the  applica- 
tion is  made,  and  should  there  be  a  shower 
or  heavy  dew  this  part  of  the  work  must 
stop  until  the  stone  has  thoroughly  dried. 

.A.11  stone  must  be  as  nearly  cubical  as 
possible,  broken  with  the  most  approved 
modern  stone-crushing  machinery,  free 
from  all  screenings,  earth  and  other  objec- 
tionable substances,  of  uniform  size,  and 
the  same  kind  and  quality,  or  equally  as 
good  in  every  particular,  as  that  ."^hown  in 
the  engineer's  office.  The  1%  in.  stone,  % 
in.  and  dust  for  binder  and  final  finish 
must  be  of  the  best  trap-rock,  free  from 
loam  or  clay. 

.■\sphaltum  binder  must  conform  to  the 
following  requirements  and  tests : 

(1)  Specific  gravity,  with  binder  at  a 
temperature  of  60  degrees  F.,  not  lighter 
than   13..5  Baume. 

(2)  Bitumen  soluble  in  carbon  di-sul- 
phide,  not  less   than  99.5  per  cent. 

(3)  Loss  in  weight,  after  heating 
twenty  grams  of  the  binder,  in  a  tin  bo.x 
two  and  one-quarter  inches  in  diameter  and 
one  inch  deep,  to  32.5  degrees  F.,  and  main- 
tained at  this  temperature  for  a  period  of 
five  hours,  not  more  than  1  per  cent. 

(4)  When  the  binder  is  evaporated  at 
a  temperature  not  exceeding  500  degrees 
F.,  it  must  give  not  less  than  90  per  cent, 
of  a  residue  having  a  penetration  of  one 
hundred   (Dow  machine)   at  77  degrees  F. 

(5)  When  a  6-in.  test  tube,  having  an 
inside  diameter  of  1  in.,  is  filled  half  full  of 
the  binder,  cooled  to  and  maintained  at  50 
degrees  F.  for  a  period  of  30  minutes, 
then  brought  to  and  maintained  at  05  de- 
grees F.  for  a  period  of  30  minutes,  it 
must  at  that  temperature  (65  degrees  F.) 
show  a  flow  perceptible  to  the  eye  in  30 
seconds.  The  binder,  after  cooling  to  50 
degrees  F.,  is  not  to  be  stirred  or  agitated 
in  any  way  before  or  during  the  flow  test, 
and,  after  being  cooled  to  50  degrees  F., 
it  must  not  be  heated  to  a  temperature  ex- 
ceeding 65  degrees  F.  until  after  its  flow 
has  been   determined. 

(6)  An  asphaltum  binder  that  does  not 
comply  with  the  above  requirements  and 
yet  has  been  in  successful  use  for  more 
than  one  year  in  a  road  constructed  by  the 
method  and  with  the  road  metal  herein 
specified  and  under  similar  climatic  condi- 


tions, may  be  accepted,  provided  satisfac- 
tory proof  of  its  successful  use  is  sub- 
mitted by  the  bidder  to  the  engineer  and 
State  Commissioner  of  Public  Roads. 


Concrete    Pavement    Construction  at 
Bozeman,  Mont.'^'. 

BY    C.    M.    THORPE. t 

Bozeman  is  a  small  city  of  about  10,000 
population,  situated  in  the  famous  Galla- 
tin Valley. 

The  matter  of  improving  our  main  street 
has  been  discussed  for  ten  or  fifteen  years. 
Plans  were  made  in  1893  for  macadamiz- 
ing the  street,  but  the  proposition  was  voted 
down.  In  1907  the  city  council  created  an 
improvement  district  for  the  purpose  of 
paving  with  creosoted  wood  blocks  on  a 
concrete  foundation.  This  was  objected  to 
and  defeated  by  the  property  owners,  who 
objected  to  the  cost  and  wished  further 
time  to  investigate.  A  committee  of 
property  owners  was  then  appointed  to 
carry  on  investigations  and  report  to  the 
city  council  the  kind  of  pavement  they  de- 
sired. These  investigations  were  con- 
tinued by  the  committee  and  city  engineer 
until  early  in  1908,  when  the  committee  re- 
ported unanimously  in  favor  of  concrete 
pavement. 

Plans  and  specifications  were  at  once 
prepared  and  bids  asked  for.  In  preparing 
specifications  it  was  thought  best  to  ask 
each  bidder  to  submit  the  details  of  construc- 
tion with  his  bid,  as  it  was  claimed  that  a 
patent  had  been  granted  on  concrete  pave- 
ment. The  bids  were  opened  July  2,  1908, 
and  a  prominent  construction  company  of 
Salt  Lake  City,  Utah,  was  found  to  be  the 
lowest  bidder  and  the  contract  was  award- 
ed to  it  at  the  following  prices : 

For  excavation,  50c  per  cu.  yd. ;  for 
gravel  fill,  $1.25  per  cu.  yd. ;  for  concrete 
pavement  (not  including  excavation  or 
gr.-ivel   fill),  $1.95  per  sq.  yd. 

The  principal  points  in  the  construction 
of  the  pavement  are  these :  The  street  was 
excavated  and  rolled  with  a  ten-ton  roller ; 
3  ins.  of  fine  gravel  was  then  placed  on  the 
rolled  surface  where  so  required  by  the 
engineer ;  where  the  foundation  was  found 
to  be  gravelly  no  gravel  fill  was  required. 
The  forms  were  then  set.  These  consisted 
of  2x7  in.  plank,  set  with  the  top  to  grade 
and  running  across  the  street  from  curb  to 
curb  where  there  was  no  street  railway 
track.  Along  the  street  railway  track  one 
side  was  constructed  at  a  time.  These  forms 
were  set  10  ft.  apart  and  steel  headers  set 
10  ft.  apart  between  the  forms,  making 
blocks  10  ft.  square.  The  foundation  was 
then  gauged  to  7  ins.  below  grade  and  5% 
ins.  of  concrete  deposited  in  every  alternate 
space  and  the  same  well  tamped.  The  con- 
crete consisted  of  one  part  Portland  cement 
and  six  parts  natural  gravel ;  where  the  sand 
was  found  to  be  in  the  right  proportion  the 
gravel  was  limited  to  2  ins.  in  diameter. 


•Paper  read  at  the  .Vnnual  Convention  of 
the  Northwestern  Cement  Products  Associa- 
tion  at   Minneapoli.'i.   Minn. 

tCity  E'ngineer.  Bozeman,  Mont, 


Before  the  concrete  was  set  the  top,  or 
finish  coat,  1%  ins.  thick,  was  placed  there- 
on and  troweled  into  the  concrete.  This 
top  coat  consisted  of  one  part  cement,  one 
part  crushed  boulders  or  pea  gravel  and 
one  part  sand,  the  crushed  stone  or  pea 
gravel  being  limited  to  %  in.  diameter  and 
the  sand  being  coarse  and  as  clean  as  could 
be  obtained. 

The  wearing  surface  was  marked  off  into 
squares  4.x8  ins.,  with  grooves  about  % 
in.  deep,  made  by  using  a  plank,  one  edge 
of  wliich  was  shod  with  an  iron  the  shape 
of  the  groove.  This  marker  was  used  by 
two  men  and  pounded  into  the  wet  con- 
crete with  wooden  mallets  to  make  the 
groove.  The  surface  was  then  brushed 
with  a  brush  and  left  quite  rou,gh.  The 
grooves,  4  ins.  apart,  run  across  the  street 
at  right  angles  to  the  curb,  and  the  grooves,, 
8  ins.  apart,  are  parallel  with  the  curbs.  It 
was  allowed  three  weeks  for  setting  before 
being  opened  for  travel,  during  which  time 
it  was  covered  with  sand  and  kept  wet. 
Expansion  joints  were  run  across  the 
street  every  100  ft.  and  also  along  the 
curbs.  These-  were  filled  with  asphalt  com- 
pound. The  concrete  and  top  coat  was 
all  mixed  with  two  Smith  mi.xers  and 
wheeled  into  place  in  wheelbarrows. 

When  the  first  half  of  the  pavement  was 
opened  for  travel  it  had  a  more  severe 
test  than  it  will  ever  have  again,  as  the 
travel  was  confined  to  one  track  and  the 
gravel  for  use  on  the  other  half  of  the 
pavement  was  hauled  over  it.  Still  it  show- 
ed hardly  any  wear,  notwithstanding  the 
fact  that  it  was  only  three  weeks  old.  The 
length  of  the  street  paved  was  3,495  ft., 
amounting  to  25,781  sq.  yds. 

The  total  cost  of  the  pavement,  including 
all  items,  was  $2.28,  the  original  estimate 
having  been  $2.40  per  sq.  yd.  The  brand 
of  cement  used  was  Western  States,  cost- 
ing about  $2.40  per  barrel.  The  cost  of 
sand  and  gravel  was  $2  and  $1.25  respect- 
ively, and  for  labor  $2, .50  per  day  of  eight 
hours. 

I  wish  to  say  that  we  are  more  than 
pleased  with  the  pavement.  It  is  not  slip- 
pery and  no  more  noisy  than  brick ;  it  is 
easily  cleaned  by  washing  with  a  hose  froni 
the  fire  hydrants,  and,  with  the  concrete 
curbs  and  sidewalks,  makes  a  fine  looking: 
street.  One  thing  that  helped  the  commit- 
tee to  decide  in  favor  of  concrete  pavement 
was  the  fact  that  we  had  several  concrete 
crosswalks  constructed  four  or  five  years 
ago  in  practically  the  same  manner  as  the 
pavement,  and,  as  these  showed  little  or  no- 
w-ear,  the  committee  was  of  the  opinion 
that  the  smooth  pavement  would  not  be 
submitted  to  the  hard  usage  which  a  cross- 
walk, with  soft  mud  on  each  side,  might  re- 
ceive. 

We  know  that  there  is  nothing  about  this 
pavement  to  decay,  and  it  will  be  as  durable 
as  the  material  put  into  it.  I  believe  for 
the  wearing  surface  great  care  should  be 
taken  to  select  hard,  durable  rock,  and  I 
believe  the  crushed  rock  is  better  than  pea 
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grmcl.  The  sanJ  shuuld  be  carefully 
»elrc(ed,  hard  and  coarse,  and  enough 
trmrnt  u>ed  to  ihorouRhly  fill  the  voids. 

I  am  inclined  to  think  that  it  the  grouv- 
inK  run  at  angle  of  V>  dcRrces  with  the  curb 
it  might  prevent  the  possibility  of  wraring 
into  riiti  which  might  be  started  by  the 
grooves  running  parallel  with  the  curb. 


Unclassified  and  (ieneral  Articles 


To  insure  a  greater  degree  of  uniformity 
in  road  maintenance  and  repairs,  Mr.  Fred- 
crick    Ciilkyson,    Commissioner    of    Public 
Roads   of    New   Jersey,    has    recoinmcndcd 
that  $ti,iKKl  Ik  set  aside  each   year   for  the 
employment  and  traveling  expenses  of  two 
tlistrict    supervisors,    to    l>e    appointed    by 
the  Commissioner  of  I'ublic  Roads  and  to 
serve    under    him.      These    district    super- 
visors should  act  under   instructions   from 
the   Commissioner   of   Public   Roads,   have 
jurisdiction   over   all   maintenance   and   re- 
pair   work,    advise    with    the    county    road 
supervisors   and   aid   them   in   the   prosecu- 
tion  of  their   work.     Tl-.e   reason    for  this 
recommendation  is  obvious,  since,  with  the 
rapidly    increasing    mileage     of     improved 
roads,  it   is   impossible  for  the   State   Com- 
missioner or  the  State  Supervisor  to  keep 
constantly    in    touch    with    this    branch    of 
the  work  of  their  department.     Mr.  Gilky- 
son  has  also  recommended  that   the  State 
Road    Law    be   amended    to    provide    that 
after  the  first  county   road  shall  have  been 
constructed  under  state  aid.  it   shall  be  the 
duty   of   the   board   of  chosen    freeholders 
to  appoint   some  suit.i)>le  person  as  county 
engineer.     In  a  number  of  the  counties  no 
provision  has  been  made  for  such  office,  it 
being  the  practice  of  the  board  of  chosen 
freeholders  to  secure  the  services  of  local 
engineers    in    making    surveys,    plans,    pro- 
files and  cross  sections  necessary  to  be  used 
in  the  construction  of  roads.     As  a  result, 
there  is  a  noticeable  lack  of  uniformity  in 
road    building    in    such    counties.      In    the  . 
counties  having  regularly  appointed  county 
engineers   better   results   are  obtained   and 
the  work  is  performed  more  economicallv. 


The  death  is  reported  of  Julius  \V. 
Schaub.  who  was  bom  in  St.  Louis,  Mo., 
Sept.  A  ia59  Mr.  Schaub  graduated  from 
the  Washington  L'niversity  in  1881  and  was 
engaged  from  1881  to  188C  with  the  late 
C.  Shaler  Smith.  From  1887  to  1892  he 
was  chief  engineer  of  the  Detroit  Bridge 
&  Iron  Works:  from  \i*'M  to  1804,  of  the 
Potlsville  Iron  &  Steel  Co..  Pottsvillc,  Pa., 
and  from  1895  to  1897.  of  the  Hamilton 
Bridge  Works,  Hamilton.  Canada.  Since 
18!'H  Mr  Schaub  has  practiced  as  Consult- 
ing Engineer  in  Chicago. 


Sole:    Ihissvction  is  dc%oled   to   methods  and   cost   articles  on  construction 
work  not  properly  coming  under  any  of  the  preceding  classifications. 


The  Engineering  Committee  of  the  San- 
itary District  of  Chicago  has  recommended 
the  widening  and  improvement  of  the  Chi- 
cago River  between  Adams  and  Van  Btiren 
Sts.  and  the  construction  of  new  bascule 
bridges  at  Adams  St,  Jackson  Blvd  and 
Van  Burcn  St.,  Chicago,  at  a  cost  of  $2  - 
000.000. 


Some  Historical  Notes  on  Piles. 
Some  bits  oi  lii^tory,  interesting  al 
least  as  general  information,  arc  given 
regarding  piles  in  the  recent  report  of 
the  committee  of  the  American  Railway 
Engineering  and  Maintenance  of  Way 
.Association  on  Wooden  Bridges  and 
Trestles.  We  quote  from  the  report  as 
ltd  lows: 

"Piles,  or  posts  driven  partly  into  the 
ground  by  blows  of  a  hammer,  arc  pre- 
historic   in    origin,    and    even    the    pre- 
sumably  later  development   of   what   are 
now     termed     'foundation'     and    'sheet 
piles'   is   too  ancient   to   be   a   matter  of 
record.     The  primitive  pile  driver  was  a 
larj;e   maul   or  beetle   wielded   by  one   or 
more     men.    the    effectiveness    of    which 
was  limited,   since   the  weight  and   drop 
depended    upon    the    reach   and   strength 
of  the  human   arm.     A   heavier  hamtner 
raised  by  a  pulley  or  roller  supported  at 
some  distance  above  the  pile  head  must 
have   been    the   first    great    improvement 
in   equipment.     .V   number  of  men   were 
thus  able  to  use  their  strength,  and   by 
all    letting     go     together    the    rope    was 
drawn   back  by  the  descending  hammer. 
The  insertion  of  a  releasing  hook  in  the 
connection    of   the   line    to    the    hammer 
and    winding   spools   or   crabs   permitted 
the   use   of   heavier   hammers,   the   more 
effective  use  of  man's   strength  and   the 
use  oi  horses. 

"The  greatest  impetus  to  the  art  was 
the  introduction  of  the  steam  engine, 
which  was  probably  first  used  •  by  John 
Rennie,  180I-1S02.  for  driving  the  piles 
of  the  cofferdam  of  the  Bell  Dock  en- 
trance to  the  London  Docks.  The  en- 
;tinc  employed  was  of  8  hp.  and  was 
constructed  by  Messrs.  Boulton  &  Watt. 
From  this  time  on  considerable  atten- 
tion was  devoted  to  improvements  in 
apparatus  and  new  devices  were  em- 
ployed  more  rapidly. 

"In  1834  Alexander  Mitchell,  the  in- 
ventor of  the  screw  mooring,  having 
made  some  experiments  with  screw 
piles,  proposed  their  use  for  a  light- 
house at  the  entrance  to  the  River 
Avon.  His  suggestions  and  plans  were 
not  carried  out,  and  it  was  not  until 
I8.1S  that  they  were  used  on  the  Maplin 
Sand  Lighthouse.  These  piles  were  of 
wrought  iron,  5  ins.  in  diameter  and  26 
ft.  long,  with  a  4-ft.  cast  iron  screw  of 
one  and  one-quarter  revolutions,  keyed 
on  near  the  end  The  projecting  end  of 
the  pile  was  provided  with  a  screw 
point,  and  the  piles  were  screwed   16  ft. 

•••Tlir  \Vnl<T  Jrl  nil  an  Aid  to  RnKlnrtrlnc 
Con»tructlon.  •  by  L.  V.  Schcrmcrtiorn.  lUO. 
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capstan  head  on  a  raft  above. 

"The  steam  hammer,  patented  in 
France  by  Francois  Bourdon  in  18^1  and  in 
England  by  James  Nasmyth  in  1842,  was 
first  used  on  a  pile  driver  about  1845. 
This  apparatus  attained  immediate  ap- 
proval and  thereafter  was  in  quite  gen- 
eral use  in  England  on  works  of  magni- 
tude. 

"Labelye,  in  building  the  Westminster 
bridge  in  1738.  used  an  apparatus  for 
cutting  off  piles  under  water.  This  was 
a  wooden  frame  containing  a  crosscut 
saw  and  was  moved  backward  and  for- 
ward by  men  standing  on  the  platform 
above.  A  much  more  complicated' ma- 
chine, invented  by  De  Cessart  in  1756. 
:ouId  be  operated  with  great  precision 
and  was  applicable  to  a  greater  oepth  of 
water. 

"The  earliest  authenticated(*)  use  of  the 
water  jet  in  sinking  piles  appears  to 
have  been  introduced  on  the  construc- 
tion of  a  wharf  at  Decrows  Point,  Mata- 
gorda B.iy.  Texas,  in  1852,  and  to  have 
arisen  from  a  suggestion  made  by  Lieut. 
Geo.  B.  McCkllan,  Corps  of  Engineers, 
U.  S.  A.  The  water  was  pumped  by  an 
ordinary  hand  pump  through  a  rubber 
hose  with  a  gas  pipe  nozzle,  the  nozzle 
being  placed  close  to  the  point  of  the 
pile. 

"In  1854  the  foundation  pilcj  for  the 
Pungateaguc  Light,  Chesapeake  Bay, 
were  driven  by  the  aid  of  a  water  jet. 
These  piles  were  hollow  cast  iron  pipes 
with  flaring  bases,  and  the  water  from  a 
hand  force  pump  was  carried  through  a 
1-in.  iron  pipe  inside  of  the  pile. 

"Unless    the    above    piles,    with    their 
flaring   or    bell-mouthed    ends,    are    con- 
sidered   as    a    modified     disk     pile,    the 
earliest    use    of    the    disk    type    sunk    by 
jetting     seems     to     have     been    by    James 
Rrunlees     in     IS.'iC.     on     the     foundations 
of    the    Leven    Viaduct,    Morecambe    Bay, 
England.      Hollow    cast    iron    pipes    were 
used,      10      ins.      in      external      diameter, 
bolted  through  outside  flanges  and   hav- 
ing the  base  of  the  pile  closed  by  a  disk 
2'i     ft.    in    diameter.      Ribs    or    cutters 
were  formed  on  the  bottom  of  the  disk 
and  a  3-in.  hole  provided  for  the  water 
jet.     Water   was   forced  through  a  2-in. 
iron  pipe,  passing  down  inside  the  pile, 
from  a  pump  driven  by  a  donkey  engine, 
and   a   rotary    motion   was   given   to   the 
pile  to  bring  the  cutters  into  play 

"The     first     metal     sheet    piles    were 
probably     those     used    by    Mathews    in 

•r,     R^nnl*.    •llicusalon    of    J(imo»    Mllne*.. 
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England,  about  1822,  and  in  that  year 
the  first  patent  was  granted  to  Ewart 
for  a  cast  iron  sheet  pile  of  the  ball  and 
socket  type.  Subsequently  other  types 
were  made  of  cast  iron,  but  owing  to  the 
character  of  the  material  no  very  ex- 
tended application  occurred  until,  with 
the  more  widespread  use  of  steel,  va- 
rious inventors  turned  their  attention  to 
the  subject. 

"The  first  rolled  section  of  sheet  pil- 
ing patented  in  the  United  States  was 
the  ball  and  socket  arrangement  devised 
by  Lewis  Dodge  in  1870.  This  was  the 
forerunner  of  the  'United  States'  type 
patented  by  S.  K.  Behrend  in  1899,  and 
of  the  many  subsequent  varieties  of  in- 
terlocking rolled  sections.  In  1893  Au- 
gust Simon  of  Gnadau,  Germany,  pat- 
ented the  first  of  the  built-up  sections, 
which  in  a  modification  now  known  as 
the  'Jackson'  type,  was  the  first  steel 
sheet  piling  driven  in  this  country  (Ran- 
dolph Street  Bridge,  Chicago,  in  1901). 
Further  modifications  of  the  built-up 
construction  followed;  i.  e.,  the  inter- 
locking channel,  'Friestedt'  type,  in  1902, 
the  beam  clip  'Friestedt'  type  in  1903, 
and  the  succeeding  modifications  of  va- 
rious inventors." 


LETTERS  TO  THE  EDITORS. 


A  Bill  Providing  for  the  Creation  of  a 
Board  of  Examiners  and  the  Ex- 
amination and    Licensing  of 
Surveyor's    and    Civil 
Engineers  in  Wash- 
ington. 
Sirs :     I  enclose  hervvith  copy  of   Senate 
Bill  No.  279   and   Substitute  Bill   No.  279. 
The    original    bill    was    drawn    up    by   the 
Spokane  contingent,  who  brought  it  down 
and    had    it    introduced,    and    then    aban- 
doned it  to  its  fate.     As  the  bill  as  intro- 
duced provided  that  no  non-resident  could 
come  into  the  state  and  practice  unless  he 
was    a   member   of   the   American    Society 
(this    was    probably    an    oversight    on    the 
part  of  the     originators),     and     provided 
rather  severe  penalties,  certain  of  us  took 
it    upon   ourselves    to    remodel     the     bill 
slightly,   and    Substitute    Bill   279   was   the 
result. 

This  bill  was  introduced  rather  late  in 
the  session,  and  it  was  rather  hard  to  ob- 
tain consideration  for  it.  But  as  the  Presi- 
dent of  the  Senate  and  the  Chairman  of 
the  committee  were  both  engineers,  the 
bill  could  have  been  passed  had  it  not  de- 
veloped that  the  engineers  of  the  state  did 
not  appear  to  want  it.  As  time  was  very 
limited,  the  bill  was  submitted  to  leading 
members  of  the  Engineering  Society  of 
the  Pacific  Northwest,  and  other  engineers 
of  the  state.  The  Engineering  Society  of 
the  Pacific  Northwest  declared  against  the 
bill,  stating  that  the  time  was  not  ripe  for 
such  legislation.  This  action  did  not  sur- 
prise mc,  as  many  of  the  members  of  that 


organization  are  leaders  in  tlieir  profes- 
soin,  who  would  not  look  with  favor  upon 
legislation  of  this  sort ;  but  I  was  rather 
surprised  to  find  that  several  engineers  and 
surveyors,  whom  such  legislation  would 
undoubtedly  help,  were  opposed  to  it.  Still, 
there  were  several  prominent  engineers  in 
favor  of  the  bill,  so  it  is  still  an  open 
question  as  to  how  such  a  bill  would  have 
been  considered,  although  I  am  of  the  opin- 
ion that  a  majority  of  the  engineers  and 
surveyors  throughout  the  state  would  have 
been  opposed  to  it,  which  opinion  is  based 
on  the  expressions  of  engineers  consulted. 

What  really  caused  the  bill  to  be  perma- 
nently interred  in  the  committee  room  was 
lack  of  interest.  And  with  the  engineers 
of  the  state  either  opposed  to  the  bill  or 
on  the  fence,  no  one  cared  to  push'  it 
through.  The  Engineering  Society  of  the 
P.  N.  W.,  while  opposed  to  the  bill,  was 
of  the  opinion  that  in  the  near  future  such 
legislation  would  be  necessary,  and  favored 
the  drawing  of  a  new  bill  two  years  from 
now,  and  submitting  to  the  engineers  of 
the  state  in  time  to  get  expressions  from 
them  in  regard  to  the  matter.  In  my 
opinion,  such  a  bill  will  at  that  time  be  ap- 
proved, and  will  undoubtedly  become  a 
law-. 

Yours   sincerely, 

G.  L.  H. 

Olympia,  Wash.,  March  19,  1909. 

( The  te.xt  of  Substitute  Bill  279  is  given 
below. — Editors.) 

Section  1.  Within  thirty  days  after  the 
passage  and  approval  of  this  act  the  gov- 
ernor shall  appoint  four  qualified  civil  en- 
gineers, who,  together  with  the  state  high- 
way commission,  shall  constitute  a  state 
examining  board  for  civil  engineers  and 
surveyors.  The  members  first  appointed 
under  this  act  shall  be  divided  into  two 
classes,  each  class  to  consist  of  two.  The 
first  class  shall  hold  office  under  said  ap- 
pointment for  the  period  of  two  years,  and 
the  second  class  for  four  years  from  the 
date  of  their  appointment.  Every  two 
years  hereafter  the  governor  shall  appoint 
two  qualified  civil  engineers  to  serve  on 
this  board  for  a  term,  of  four  years  and 
until  their  successors  are  appointed  and 
qualified.  A  vacancy  occurring  in  this 
board  shall  be  filled  by  special  appoint- 
ment by  the  governor  at  any  time  to  com- 
plete tlie  unexpired  term:  It  is  provided 
fiirthrr,  That  at  all  times,  exclusive  of  the 
state  liighway  commissioner,  two  members 
of  this  board  shall  be  from  that  portion 
of  the  state  lying  west  of  the  summit  of 
the  Cascade  mountains  and  two  from  that 
portion  lying  east  of  the  same.  Before  en- 
tering upon  the  duties  of  the  board  the 
members  shall  take  oath  to  support  the 
constitution  of  the  state  ar>d  of  the  United 
States  and  to  perform  their  duties  with 
justice  and  impartiality.  While  engaged  in 
performing  the  duties  of  the  board  the 
compensation  of  said  members,  exclusive 
of  the  state  highway  commissioner,  shall 
be  $8  per  day  and  necessary  expenses,  and 


the  same  shall  be  paid  out  of  the  fund  Iiere- 
inafter  provided  for.  The  state  highway 
commissioner  shall  be  the  chairman  of 
such  board  which  shall  hold  meetings  and 
examinations  at  such  times  and  places  as 
shall  be  designated  by  the  state  highway 
commissioner.  There  shall  be  at  least  two 
examinations  held  each  year,  one  in  the 
western  part  and  one  in  the  eastern  part 
of  the  state. 

Sec.  2.  Every  person  desiring  to  be- 
come a  licensed  civil  engineer  or  a  licensed 
land  surveyor  in  the  state  of  Washington 
must  present  to  the  board  of  examiners  a 
certificate  stating  his  name,  age,  date  and 
place  of  birth,  his  record  of  positions  held 
or  work  done  during  the  five  years  prior 
to  his  application,  and  extent  of  his  edu- 
cation and  the  length  of  time  of  residence 
in  the  state,  and  in  the  United  States  if  an 
alien,  and  whether  or  not  he  is  a  citizen  of 
the  United  States. '  He  shall  name  three 
references  licensed  in  the  branch  he  desires 
to  enter  with  whom  the  board  shall  com- 
nutnicate.  If  the  board  is  not  satisfied 
with  the  credentials  of  the  applicant  they 
shall  subject  him  to  a  thorough  examina- 
tion in  such  subjects  and  in  such  a  manner 
as  shall  satisfy  them  as  to  his  fitness  or 
unfitness  to  hold  the  said  license.  An  ex- 
amination in  surveyors'  jurisprudence  shall 
be  required  of  every  applicant  for  a  license 
as  surveyor.  Upon  the  approval  of  the 
credentials  by  the  board  of  examiners,  the 
applicant  for  a  license  as  land  surveyor 
shall  file  his  oath  to  support  the  consti- 
tution of  the  state  and  of  the  United  States 
and  faithfully  to  discharge  the  duties  of  a 
land  surveyor,  and  shall  file  a  good  surety 
company  bond  in  the  sum  of  $500  for  the 
faithful  performance  of  his  duty,  and  the 
said  board  shall  issue  to  such  applicant 
an  annual  license  upon  payment  of  a  fee 
of  $5.00.  Upon  the  approval  of  the  cre- 
dentials by  the  board  of  examiners  the 
applicant  for  a  license  as  civil  engineer 
shall  file  his  oath  faithfully  to  discharge 
the  duties  of  a  civil  engineer  and  shall  file 
a  surety  company  bond  in  the  sum  of  $1,- 
000  for  the  faithful  performance  of  said 
duties,  and  the  board  shall  issue  to  such 
applicant  an  annual  license  upon  payment 
of  a  fee  of  $5.00.  All  fees  received  by  the 
board  for  licenses  shall  be  paid  irtto  the 
fund  hereinafter  provided  for.  The  license 
issued  shall  set  forth  the  fact  that  the  per- 
son is  a  surveyor  or  a  civil  engineer,  or  a 
civil  engineer  and  surveyor,  and  authorized 
to  practice  as  such  witliin  this  state.  All 
bonds  herein  provided  for  shall  be  to  the 
state  of  Wasliington,  and  any  person  or 
persons  who  shall  suffer  any  loss  or  dam- 
age by  reason  of  any  mistake  or  error  of 
such  surveyor  or  engineer  shall  have  a 
right  of  action  in  his,  or  her  or  their  own 
name  on  such  bond  for  the  full  amount  of 
such  loss  or  damage.  The  first  license  is- 
sued to  any  surveyor  or  engineer  shall  ex- 
pire on  the  loth  of  January  next  succeed- 
ing the  issuing  of  such  license  and  there- 
after a  license  shall  be  issued  annually  to 
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such  surveyor  or  cnginrrr  u^<iii  |>a\iMK  the 
license  fee  ami  executing  itu-  ImjiiiI  as  pru- 
vitlctl  in  this  section  without  the  necessity 
of   taking   any   further  examination. 

Sn"  M  All  papers  rrceiveil  by  the  board 
r  rv.i'nincrs  on  application  for  licenses 
hkI  "Inii;  all  examination  papers  shall  be 
kept  on  file  in  the  office  of  the  state  high- 
way  commissioner  and  a  proper  index  and 
record  thereof  shall  be  kept  by  him,  and 
he  shall  keep  a  list  of  all  licensed  land  sur- 
veyors and  civil   engineers. 

Sec  4.  To  be  qualified  tn  obtain  a  li- 
cense as  a  land  surveyor  in  this  state  the 
applicant  must  be  a  citizen  of  the  United 
States  and  a  resident  of  the  stale  for  one 
year ;  he  shall  have  been  in  the  active  prac- 
tice of  surveyiuR  for  three  years.  To  be 
cjualified  to  obtain  a  license  as  a  civil  engi- 
neer in  this  state  the  applicant  must  be  a 
citizen  of  the  United  States  and  shall  have 
been  a  resident  of  the  state  for  one  year, 
he  shall  have  been  in  the  active  practice 
of  civil  engineering  for  five  years,  at  least 
one  of  which  he  shall  have  been  in  re- 
sponsible charge  of  engineering  work. 
Graduation  from  a  school  of  engineering  of 
recognized  standing  shall  lie  considered  as 
c<niivalejit  to  two  years  of  active  practice. 
.\  civil  engineer  may  be  granted  a  license 
as  civil  engineer  and  surveyor  or  if  he  has 
the  proper  qualifications  for  a  surveyor  as 
well  as  for  a  civil  engineer  as  defined  in 
this  act,  and  if  he  files  his  oath  as  a  land 
surveyor  as  provided  for  in  section  "2. 

Sec.  5.  Civil  engineers,  citizens  of  the 
United  States,  coming  into  the  state  shall 
receive  a  special  permit  to  practice  civil 
engineering  upon  the  recommendation  of 
three  licensed  civil  engineers  of  this  state, 
upon  filing  a  good  surety  company  bond  in 
the  sum  of  $l.<XXt,  payable  to  the  .state  of 
Wasliingion.  and  the  payment  of  a  fee 
(of  I  $10,  which  fee  shall  be  turned  into 
the  fund  hereinafter  provided  for.  This 
permit  shall  be  in  force  only  to  the  end 
of  the  current  calendar  year,  at  the  ex- 
piration of  which,  if  residence  in  the  state 
is  not  established,  a  new  permit  accom- 
panied by  the  fee  must  be  applied  for,  or 
if  residence  is  established  a  license  must 
\x  obtained 

Sec.  C.  If  an  applicant  fails  to  pass  a 
satisfactory  examination  he  shall  be  de- 
nied the  privilege  of  taking  a  second  ex- 
amination within  six  months,  and  in  no 
case  shall  he  be  granted  a  license  upon 
recommendatiiin  and  favorable  references 
only  after  *uch  failure  to  pass  an  examina- 
tion  given  him  by  the  board. 

Sec.  7.  Licenses  issued  in  accordance 
with  this  act  shall  remain  in  force  until 
revoked  for  cause  or  terminated  as  herein 
provided. 

Sec.  8.  Every  licensed  surveyor  is  au- 
thorized to  adminster  and  certify  oaths 
when  it  becomes  necessary  to  take  testi- 
mony to  identify  or  establish  old  or  lost 
corners,  or  to  perpetuate  a  corner  that  is 
in  a  perishable  condition,  or  whenever  the 
importance  of  the   survey  makes   it   desir- 


able, and  to  adminster  oaths  for  the  faith- 
fid  performance  of  duly  to  assistants.  A 
record  of  such  oaths  shall  be  kept  at  a 
part  of  the  field  notes  of  the  survey.  He 
>hall  comply  with  the  United  Stales  regu- 
lalion>  livision    of   pub- 

lic laii'!  II  of  lost  or  ob- 

literated corners,  and  he  >hall  submit  for 
record  to  the  county  engineer  the  field 
note*  regarding  such  corners  restored  by 
him,  within  thirty  days  after  making  such 
survey,  and  it  shall  be  the  duty  of  said 
county  engineer  to  record  the  same. 

Sit.  !•.  Every  licensed  surveyor  is  here- 
liy  authorized  to  make  surveys  relating  to 
the  sale  or  sub-division  of  lands,  the  re- 
tracing or  establishing  of  property  or 
boundary  lines,  public  roads,  streets,  alleys 
or  trails,  and  it  shall  be  the  duty  of  each 
surveyor  whenever  making  such  survey, 
except  those  relating  to  the  retracing  or 
sub-division  of  town  or  cemetery  lots, 
whether  the  survey  be  made  for  private 
persons,  corporations,  cities  or  counties, 
to  set  permanent  and  reliable  monuments, 
and  such  monuments  must  be  permanently 
marked. 

Sec.  10.  Every  licensed  civil  engineer  is 
hereby  authorized  to  design,  supervise  and 
pass  upon  plans  of  engineering  works. 

Ski;.  11.  Unprofessional  conduct,  in- 
competency and  non-compliance  with  the 
provisions  of  this  act  shall  constitute 
grounds  for  the  revocation  of  the  license 
of  a  surveyor  or  civil  engineer.  The  ex- 
.-imining  board  shall  hear  the  charges  and 
the  accused  shall  be  given  thirty  days  in 
which  to  answer  the  same.  Upon  due  con- 
sideration of  the  testimony  and  the  de- 
fense, the  board  shall  decide  the  case  and 
if  the  charges  arc  proven  they  must  re- 
voke the  license,  and  no  license  shall  be 
issued  to  such  surveyor  or  civil  engineer 
within  one  year  from  the  date  of  such  rev- 
ocation. 

Sec.  12.  The  act  of  practicing  the  pro- 
fession of  land  surveyor  or  civil  engineer 
within  this  state  after  September  30,  lOOf). 
without  first  obtaining  a  license  or  special 
permit  as  provided  for  in  this  act  shall  be 
accounted  a  misdemeanor  and  shall  be 
punished  by  a  fine  of  not  less  than  $25  nor 
more  than  $200,  or  by  imprisonment  of 
not  less  than  seven  d.iys  nor  more  than 
thirty  days,  or  by  both  such  fine  and  im- 
prisonment. It  shall  be  the  duty  of  the 
prosecuting  attorneys  of  the  respective 
c'liinties  to  prosecute  all  such  cases  com- 
plained of  to  them  as  contrary  to  this  act. 
Sec.  13.  No  survey  of  land  or  plat  or 
sub-division  shall  be  recorded  after  Sep- 
tember 30,  1901),  unless  made  under  the  di- 
rection of  and  certified  to  by  a  licensed 
land  surveyor,  and  no  surveys  or  plat  for 
record  of  a  railriiad,  highway,  canal  or  ir- 
rigation ditch  shall  he  recorded  after  said 
date  unless  exccute<l  under  the  direction 
of  and  certified  to  by  a  licensed  civil  engi- 
neer. 

Sec.    M.     .mi    county    engineers    and    all 
city    engineers    of   cities    of   20,000    inhab- 


itants or  over  within  the  state  shall  be 
considered  a*  licensed  civil  engineers  until 
the  termination  of  their  respective  terms 
•  if  office.     .Ml  iiies 

and  town",  wm'  -id- 

ered  as  li  rui- 

nation of  ! 

Sec.  15.  Sufficient  of  the  moneys  de- 
rived from  license  fees,  examination  fees 
and  the  renewal  of  licenses,  under  the  pro- 
visions of  this  act,  shall  Ik  used  by  said 
iMiard  to  defray  the  expenses  of  holding 
examinations  in  connection  with  the  carry- 
ing out  of  the  provisions  of  this  act,  in- 
cluding their  own  compensation  and  trav- 
eling expenses,  and  any  surplus  remaining 
shall  be  turned  over  to  the  state  treasurer 
on  the  first  day  of  January,  1910,  and 
every  year  thereafter. 

Sec.  K).  .Ml  persons  who  are  citizens 
of  the  United  States  residing  in  this  state 
and  who  were  engaged  in  the  actual  inde- 
pendent pr.ictice  of  land  surveying  or  in 
the  actual  independent  practice  of  civil  en- 
gineering prior  to  the  passage  of  this  act 
shall  be  licensed  without  examination  lo 
continue  such  practice  upon  furnishing  sat- 
isfactory proof  of  such  citizenship  and 
actual  practice  to  the  examining  board 
within  two  months  from  the  date  of  the 
passage  of  this  act,  accompanied  by  the 
fee  and  bond  provided  for  in  section  2 
hereof. 

Sec.  17.  .Ml  surveys  made  under  the  au- 
thority of  the  state  or  any  county,  city, 
town  or  village  within  the  state  must  be 
performed  by  a  licensed  surveyor.  .Ml  en- 
gineering done  under  the  authority  of  the 
state  or  any  county  or  municipality  within 
the  state  must  be  done  under  the  direction 
of  a  licensed  civil  engineer  or  an  engineer 
holding  a  special  permit  as  provided  for  in 
section  5. 


Method  of  Making  a   Rapid    Prelim- 
inary  Survey  of  a  Drainage 
District. 

Sirs:  Being  called  upon  recently  to 
make  a  survey  of  a  stream  to  determine 
the  feasibility  of  adopting  some  plan  to 
increase  its  flowage,  and  prevent  its  fre- 
quent overflows,  with  consequent  loss  of 
crops  along  its  course,  I  thought  perhaps 
the  manner  of  conducting  the  survey  might 
interest  some  of  your  readers,  and  be  of 
service  in  helping  others  to  contrive  a 
better  plan  possibly. 

The  work  w.is  undertaken  in  the  winter 
and  a  part  of  the  time  the  weather  was 
very  dis.-igreeable ;  the  instrument  man  suf- 
fered from  cold,  and  numb  fingers  some- 
times rendered  it  almost  impossible  to 
write  the  notes  required.  On  two  days 
the  fog  was  very  heavy  during  a  part  of 
the  day  and  the  work  did  not  liegin  until 
nearly  noon  and  then  was  hindered  by  the 
necessity  of  taking  short  sights. 

The  work  was  done  for  it  group  of  farm- 
ers who  paid  the  costs,  and  desired  the 
information  to   use   in  court,   in   tV. 
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fort  to  secure  the  establishment  of  a  drain- 
age district,  to  cover  a  territory  of  about 
40  square  miles.  They  furnished  the 
chainmen  and  all  other  help,  and  the  in- 
strument man  lodged  with  the  nearest  at 
the  close  of  each  day's  work.  By  liberal 
use  of  a  rural  telephone  line  arrangements 
were  made  each  night  for  the  helpers  for 
the  next  day,  but  it  was  always  the  aim 
to  keep  the  same  rod-man  as  long  as  pos- 
sible. 

The  instrumnt  used  was  a  light  transit, 
with  level  under  telescope,  and  was  in  ex- 
cellent adjustment,  and  had  been  proven 
to  be  a  very  reliable  instrument,  and  was 
chosen  for  the  facility  with  which  it  could 
be  handled  in  the  brush  and  weeds  which 
abounded  along  the  line. 

The  work  was  begun  at  tjie  upper  end 
of  the  district  to  be  surveyed  and  followed 
the  meanderings  of  the  stream  to  its  con- 
fluence with  the  Arkansas  River,  a  dis- 
tance of  19.4  miles. 

At  all  farm  boundaries  and  other  points 
where  convenient,  the  water  level  was 
taken,  and  at  all  other  stations  the  eleva- 
tion was  taken,  so  that  when  the  notes 
were  worked  up  we  had  all  the  data  neces- 
sary to  show  the  profile  of  the  route  tra- 
versed, and  the  fall  of  the  channel  from 
point  to  point  throughout  its  course,  also 
the  points  where  improvements  in  align- 
ment would  be  most  effective. 

Notes  were  made  also  of  serious  obstruc- 
tions in  the  way  of  drift  accumulations, 
and  all  other  conditions  necessary  to  a 
thorough  understanding  of  the  conditions 
along  its  course. 

At  several  points  along  the  creek  indi- 
vidual farmers  had  taken  some  steps  to 
straighten  the  channel,  etc.,  and  all  these 
were  also  noted. 

Some  one  fully  familiar  with  the  section 
to  be  worked  each  day  was  secured  to  go 
ahead  each  day  and  choose  station  points. 
Of  course  they  were  fully  instructed  as  to 
the  points  to  bear  in  mind  in  making  these 
selections  and  after  a  little  experience  rare- 
ly chose  a  point  that  for  any  reason  had 
to  be  abandoned.  They  were  closely  fol- 
lowed by  the  axemen,  who  removed  all 
obstructions  to  the  line  of  sight. 

The  point  chosen  and  the  line  cleared 
the  rodman  set  up  the  target  rod,  no  rang- 
ing poles  being  used,  the  rod  serving  this 
purpose,  the  instrument  was  trained  on  the 
rod  and  the  direction  noted.  The  rodman 
was  signaled  for  the  target  adjustment,  and 
as  soon  as  this  was  secured  the  instrument 
man  went  rapidly  forward  and  set  up  the 
instrument  for  a  new  sight,  only  a  few 
feet  from  the  rod.  He  then  noted  the 
target  reading,  the  inexperienced  rodman 
not  being  trusted  to  do  this,  and  trained 
the  glass  on  the  rod  for  a  backsight,  which 
was  noted,  and  the  rodman  hurried  for- 
ward to  the  new  station  that  was  already 
selected,  and  the  line  thereto  cleared.  In 
setting  the  transit  for  the  backsights  a 
point  was  always  chosen  directly  in  line 
with  the  rod  and  the  next  station,  or  with 


the  rod  between  them,  as  it  was  not  con- 
sidered necessary  to  secure  that  degree  of 
accuracy  to  be  sought  in  location  work,  or 
on  lines  for  construction  work  where  such 
survey  was  to  be  the  basis  for  future  con- 
tracts. 

The  chainmen  gave  the  distance  which 
was  noted  by  the  transit  man,  and  they  too 
went  forward  toward  the  new  station 
point. 

This  was  the  method  adopted  at  the  be- 
ginning and  it  was  not  found  necessary 
to  make  any  changes  during  the  progress 
of  the  work. 

When  the  chainmen  reached  the  new 
station  the  head  man  noted  the  distance, 
so  that  it  would  not  be  forgotten  before 
the  transit  man  reached  them,  and  at  once 
took  the  distance  to  the  water's  edge  from 
the  station   point.     All  boundary  lines  and 


trict  line.  In  the  meantime  in  some  local- 
ities the  surface  water  troubles  are  grow- 
ing to  a  very  serious  proportion  with  no 
prospect   of   relief. 

Yours  truly. 

O.  T.  Reece. 
Wellington,  Kansas,  March  23,  1909. 


An  Improved  Contractors'  Hoist. 

The  accompanying  illustration  shows  a 
contractor's  hoist  that  has  a  number  of 
points  of  merit.  This  hoist  is  operated 
either  direct  connected  or  by  chain  drive  by 
gasoline  engine  and  with  power  for  ele- 
vating from  400  lbs.  to  2,000  lbs.  As  will 
be  seen,  the  whole  mechanism  is  mounted 
on  a  one-piece  base  casting.  Without  power 
attachment  it  weighs  825  lbs.  The  engine 
runs  one  way  all  the  time,  the  direction  of 
the  load  being  reversed  by  means  of  fric- 


Advance   Hoist  for  Building   Contractors. 


points  of  serious  overflow  were  noted,  and 
in  fact  the  transit  man  kept  "all  eyes 
open,"  that  no  feature  of  interest  in  the 
case  should  be  allowed  to  escape  the  note 
book. 

There  were  300  stations  in  the  survey, 
and  despite  the  amount  of  notation  made, 
and  difliculties  under  which  the  work  was 
done,  the  courses  totaling  a  distance  of 
19.4  miles  were  run  in  si.K  and  one-half 
short  winter  days. 

The  work  was  then  platted  in  the  office 
to  a  scale  of  300  feet  to  the  inch  on  trac- 
ing cloth,  and  a  full  typewritten  report  of 
the  findings  of  the  engineer  prepared  for 
the  committee  of  farmers  having  the  mat- 
ter in  charge. 

.•\bout  this  time  the  law  under  which 
the  work  was  sought  to  he  done  was  de- 
clared unconstitutional  by  the  judge  of  a 
di.strict  court,  and  until  the  legislature 
remedies  its  weak,  points  no  work  can  be 
done  in  this  state  along  the  drainage  dis- 


tion  clutches  operated  by  hand  lever  and 
reversing  the  rotation  of  the  driving  sheave 
at  will.  It  will  be  noted  that  there  are  few 
gears  and  that  they  are  so  placed  as  to 
reduce  friction  to  the  minimum.  A  point 
is  made  by  the  makers  of  this  arrangement 
of  gears  and  particular  economy  of  oper- 
ation is  claimed  because  of  it.  The  hoist 
operates  two  cages  simultaneously,  one  go- 
ing up  as  the  other  descends.  This  hoist  is 
manufactured  by  the  Holton  &  Weather- 
wax  Co.,  Ltd.,  of  Jackson,  Mich.,  and  is 
known  as  the  "Advance"  hoist. 


Building  activity  for  February  in  95 
larger  cities,  as  measured  by  the  value  of 
permits  granted  by  municipal  authorities, 
shows  an  improvement  not  only  over  the 
abnormally  low  February,  1908,  figures,  but 
also  over  the  totals  of  the  preceding 
months.  The  February  total  of  the  value 
of  permits  granted  was  $56,330,324,  as 
against  $48,707,054  for  January. 


April  7,   1909. 
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AnDouncement  of  First  Meeting  of  the 
American  Society  of  Engineer- 
ing Coatractors. 

.As  previously  slated.  Mr.  Gillrtie  has 
rrccivrtl  nearly  I,.Mhi  .-ippluaiiniiN  for  mrni- 
lii-rslii|)  in  ihc  .'\mrrii;m  Si>cirlv  of  Kngi- 
lu-iTinK  C'<inlr:iclors.  The  lime,  therefore, 
i^  riiw  for  perfecting  the  organization  of 
this  body  of  contractors  and  engineers  into 
a  national  society.  .Arrangements  have 
lietni  made  to  hold  the  first  meeting  in  the 
I'niled  Kngincering  lliiilding.  •_'.'>  West 
;t;ith  siriet,  .\cw  Vork  City.  .April  14  and 
I'l.  The  session  will  begin  at  1  p.  m.,  .Voril 
1-4.  when  commilteis  will  be  selected  to 
draft   a  constitution   and   by-laws. 

We  have  commented  upon  the  purposes 
of  thi.s  society  with  such  frequency  that 
it  is  scarcely  necessary  now  to  do  more 
than  to  refer  our  new  readers  to  the  mem- 
bership application  blank  which  will  be 
fmuid  on  one  of  our  advertising  pages.  On 
that  blank  will  be  found  an  outline  of 
home  of  the  thincs  that  the  society  will 
undertake  to  accomplish. 
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Have  Cost  Data  Little  Value  to  Others 

Than  These  Who  Have  Gathered 

Them? 

This  question  is  ag.uii  raiMil  111  a  paper 
on  "A  System  of  Cost  Keeping. "  by  Myron 
5.  I'alk,  printed  in  the  March  Proceedings 
of  the  .American  Society  of  Civil  Engi- 
neers.    Af r.  Falk  says : 

"The  description  of  itemized  costs  of 
contract  work  always  attracts  some  atten- 
tion ;  unfortunately,  the  greatest  amount  of 
publicity  has  been  given  to  the  actual  costs 
of  unit  items  on  construction  work  rather 
than  to  the  bookkeeping  methods  used  in 
obtaining  those  quantities.  It  seems  hardly 
necessary  to  call  attention  to  the  very  small 
value  that  cost  records  may  have  to  others 
than  to  those  who  gathered  them  and  who 
realized  and  luulerslood  fidly  every  local 
condition  at  the  point  of  construction. 
There  are  some,  however,  who  believe  that 
all  cost  records  have  value,  and  that  their 
publication,  no  matter  in  what  fonn,  will 
lie  a  benefit.  There  is  no  doubt  that  the 
records  of  cost  of  completed  work  arc  use- 
ful to  some  slight  extent  to  others  than 
their  compilers,  but  the  greatest  value  of 
such  records  is  derived  (luring  their  col- 
lection by  the  men  who  are  doing  the 
work." 

For  the  bcnclit  of  the  new  siiliscribcrs  to 
this  journal,  it  may  be  well  to  state  that 
this  controver.sy  over  the  value  of  cost 
data  was  started  about  a  year  ago  as  one 
of  the  outcomes  of  the  investigation  of 
the  award  of  the  .Ashokan  Reservoir  to  a 
coutraiii  r  who  was  iml  the  lowest  bidder 
(see    FN(.iMr.Ki.NC-Co.\THACTiNc,    Fch,      12 

.iiiii  in  vm). 

inccrs    (or    the    reservoir    and 

•  rrt.nti    roiisulting   engineers   held   that    the 
lowest    bidder    had    bid    a    losing    price.      .\ 

Mxroii  C  Chirk  I'uhlishing  Co.       Ml  rithls  ••(  reptiblii..itioii  reserved. 


commission  of  four  engineer*,  among 
whom  were  two  of  the  editors  of  Fngikceb- 
iN<;-OiNT«ACTisc.  were  appointed  to  inves- 
tigate the  matter,  and  held  thai  ihr  lowest 
bid  on  the  .Ashokan  l)am  sliouM  have  been 
accepted.  Subsequently  five  more  engi- 
neers were  called  in  and  concurre>l  in  the 
opinion  that  the  lowest  bid  was  a  profit- 
able bid. 

In  the  effort  to  support  the  wisdom  of 
the  award  of  the  .Ashokan  contract,  an 
attack  was  made  upon  "published  cost 
data"— although,  in  truth,  published  cost 
data  were  not  on  trial  at  all.  However, 
Imtb  in  the  hearings  of  the  case  and  sub- 
sequently in  certain  technical  publications, 
an  attempt  was  made  to  belittle  the  value 
of  published  cost  data,  the  idea  apparently 
being  that  by  so  doing  the  report  of  a 
commission  of  engineers  who  believed  in 
the  value  of  published  cost  data  would  be 
given  the  brand  of  "theoretical  conclu- 
sions." We  need  not  dwell  upon  the  fact 
that  the  commission  of  nine  engineers  was 
selected  because  of  their  first  hand  knowl- 
edge of  actual  costs,  and  that  they  used 
published  cost  data  merely  to  corroborate 
I  heir  own  personal  experience.  So  much 
I'l  r  the  inception  of  ibis  controversy  over 
the  value  of  published  cost  data. 

Mr.  Falk  allies  himself  with  the  "old 
v-hool,"  and,  while  admitting  that  pub- 
lished cost  data  have  some  value,  under- 
takes to  belittle  the  usefulness  of  publish- 
ed records  of  this  sort.  We  all  concede 
that  bare  figures  of  cost  may  l>e  almost 
worthless  to  anyone  except  the  person  who 
gathered  them,  but  this  is  not  the  question 
at  issue.  It  is  equally  true  that  bare  data 
as  to  the  strength  of  steel  arc  almost 
worthless.  The  chemical  composition  of 
the  steel,  the  method  of  manufacture,  the 
siic  of  the  test  piece,  and  other  factors  are 
highly  imporiant  accessories  that  should 
accompany  the  tabulated  records  of 
strength.  No  engineer  ridicules  strength 
data  in  general  because  of  the  incomplete- 
ness of  certain  information  in  published 
strength  records  His  ridicule  is  directed 
rather  at  the  incompleteness  of  the  infor- 
mation furnished.  Yet  wo  tind  certain  en- 
.uineers  and  certain  editors  of  engineering 
periodicals  taking  the  illogical  p>>sui.'n  that 
there  is  something  unique  about  cost  data 
which  makes  them  almost  wholly  useless, 
whereas  all  other  data  are  of  vital  value. 

We  are   told  th.  ruc- 

tion  should   l)e  de-  .ince 

of  other  men,  but.  in  the  same  breath,  we 
are  informed  that  costs— the  only  possible 
criterion  of  the  efficiency  of  a  machine  or 
method— should  be  religiously  excluded 
from  the  published  description,  because 
ihey  may  deceive  some  unsophisticated 
tyro. 

I'accd  with  such  a  ri-diuiio  ,xd  absur- 
dnm.  the  defender  of  a  universal  ignorance 
of  costs  will  reply  that  he  would  probably 
favor  the  publication  of  cost  data  were  it 
always    possible    to    secure    as    complete    a 
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picture  of  local  conditons  as  is  recorded  in 
the  brain  of  the  man  who  has  compiled 
the  data.  Is  there  something  so  vague  and 
intangible  about  local  conditions  that  they 
can  never  be  reduced  to  a  written  form  in- 
telligible to  those  who  have  not  been  on  the 
spot?  Scarcely,  for  every  description  of  a 
method  is  merely  a  description  of  these 
very  sorts  of  things.  Hence,  if  it  is  held 
that  local  conditons,  including  plant  ar- 
rangement and  organization  of  working 
forces,  can  not  be  adequately  described  in 
print,  printing  of  methods  might  as  well 
cease  as  well  as  printing  of  costs,  thus 
wiping  out  all  engineering  literature  ex- 
cept applied  mathematics. 

It  is  noticeable  that  the  opponents  of 
published  cost  data  are  representatives  of 
the  old  school  of  engineers  who  revere 
the  name  of  Rankine  and  revile  everyone 
who  attempts  to  "commercialize  engineer- 
ing." The  late  A.  M.  Wellington  was  one 
of  the  earliest  American  engineers  to  face 
the  fire  of  such  critcism,  because  he  had 
the  audacity  to  maintain  that  there  could 
be  a  real  theory  (=  science)  of  economic 
railway  location.  The  engineers  of  the  old 
school  took  the  position  that  about  all 
there  was  of  science  in  railway  location 
was  to  be  found  in  a  field  book  of  curves — 
the  rest  was  "art."  No  one  holds  that 
position  today.  There  are  "economic  the- 
ories" of  railway  location  used  by  every 
experienced   railway  engineer. 

We  may  set  it  down  as  an  axiom  that 
whatever  can  be  viewed  with  the  human 
eye  and  tested  with  instruments  can  be 
described  and  illustrated  so  as  to  convey  an 
accurate  idea  of  its  characteristics  to  any 
one  who  has  seen  similar  things.  To  the 
man  who  has  never  seen  anything  analog- 
ous to  the  thing  described,  it  is  true  that 
descriptions  are  likely  to  be  deceptive.  Con- 
ceding this  axiom  it  follows  that  it  is  pos- 
sible so  to  describe  and  illustrate  the  con- 
ditions of  all  but  invisible  work  (such  as 
the  lower  strata  of  ground  encountered  by 
piles,  and  the  likel  that  a  man  of  moderate 
experience  can  form  almost  as  clear  a  men- 
tal picture  as  the  man  v\-ho  has  seen  the 
work.  All  well  written  articles  on  meth- 
ods of  construction  aim  at  this  ideal,  and 
many  attain  it.  When  such  well  written 
articles  on  methods  are  accompanied  by 
detailed  unit  costs,  the  ideal  engineering 
article  is  produced,  for  then  the  critera  of 
efficiency  are  laid  before  the  reader  in  such 
a  manner  that  he  may  judge  whether  the 
methods  used  are  better  or  worse  than  he 
himself  employs,  and  therefore  worthy  of 
being  adopted  or  not. 

A  few  years  hence,  when  engineers  and 
contractors  have  before  them  an  even 
greater  volume  of  methods  and  cost  mat- 
ter than  is  now  available,  we  shall  look 
back  on  the  present  controversy  over  the 
value  of  published  cost  data  as  we  now 
look  back  upon  the  early  arguments  over 
the  truth  and  value  of  the  Darwinian 
theorv  of  evolution. 


The  News  Value  of  Our    Advertising 
Pages. 

Not  every  reader — nor.  indeed,  every  ad- 
vertiser— realizes  the  fact  that  our  adver- 
tising pages  are  news  pages.  This  present 
issue  of  Engineering-Contracting  is  par- 
ticularly rich  in  advertising  news  matter, 
but  liardly  an  issue  appears  that  does  not 
contain  illustrations  and  descriptions  of 
several  new  machines,  or  new  methods  of 
using  old  machines,  in  the  form  of  adver- 
tisements. This  must  necessarily  be  so. 
for  there  are  some  3,000  manufacturing 
firms  producing  machines  or  supplies  used 
by  engineers  and  contractors.  It  is  mani- 
festly impossible  to  describe  all  the  new  or 
improved  machines  in  our  reading  pages 
even  once.  Yet  one  description  is  usually 
inadequate,  and  manufacturers  are  perceiv- 
ing the  advantage  of  being  able  to  describe 
their  products  in  serial  advertisements,  us- 
ing their  own  language  and  arguments.  In 
brief,  the  advertising  pages  are  steadily  be- 
coming more  interesting.  They  have  long 
ago  ceased  to  be  a  mere  directory,  and  are 
rapidly  undergoing  an  evolution  that  prom- 
ises to  result  in  their  being  read  every 
week  with  as  much  interest  as  attaches  to 
the  articles. 

To  illustrate  our  point,  turn  to  advertis- 
ing page  .  .  no,  on  second  thought  we  will 
leave  it  to  the  reader  to  decide  for  him- 
self which  particular  advertisement  is  en- 
titled to  the  special  mention  that  we  were 
about  to  give  it. 

A  point  that  we  wish  to  emphasize  again 
— we  have  mentioned  it  before  in  these 
columns — is  the  fact  that  without  the  sup- 
port of  its  advertisers  every  engineering 
periodical  would  either  be  forced  to  cut 
down  both  the  quantity  and  quality  of  its 
reading  matter,  or  add  very  materially  to 
its  subscription  price.  Clearly,  then,  the 
existence  of  advertising  pages  is  of  great 
indirect  value  to  the  readers,  aside  from 
the  direct  value  of  furnishing  valuable  in- 
formation about  products.  Therefore  there 
is  more  than  mere  courtesy  involved  in 
"mentioning  this  paper"  when  writing  for 
a  catalog  or  a  quotation.  The  mention  of 
the  paper  in  which  tlie  advertisement  was 
seen  by  a  reader  is  the  best  evidence  that 
the  advertiser  has  that  it  pays  to  advertise. 
Encouraged  by  the  success  of  his  advertis- 
ing, the  advertiser  continues  to  patronize 
certain  papers,  and  those  papers,  in  turn, 
are  encouraged  to  secure  a  larger  quantity 
of  good  reading  matter  for  their  readers. 

It  is  not  the  policy  of  many  journals  to 
speak  thus  frankly  of  their  indebtedness 
both  to  their  readers  and  to  their  adver- 
tisers for  their  success.  They  assume,  rath- 
er, that  any  success  is  inherent  in  them- 
selves. Only  in  a  measure  is  this  so,  for 
the  journal  is  merely  one  of  the  three  legs 
of  the  tripod,  not  one  of  which  can  be 
removed  without  the  fall  of  the  other  two. 

Engineerinc-Contr.\cting  feels  that  its 
steady  and  surprisingly  great  growth  is  due 
to  a  loyal  band  of  advertisers,  whose  loy- 
alty, in  turn,  may  be  traced  to  the  interest 


that  its  readers  have  shown  in  its  advertis- 
ing pages.  Its  old  advertisers  have  con- 
tinued their  support,  and  new  advertisers 
have  been  attracted  by  this  stability,  until 
the  present  issue  contains  almost  twice  as 
many  pages  of  advertising  as  were  carried 
in  the  corresponding  issue  a  year  ago. 


Depositing  Concrete  Through  Chutes. 

Many  engineers  regard  depositing  con- 
crete through  chutes  as  a  practice  to  be 
distrusted.  We  consider  this  attitude  un- 
fortunate. There  are  frequent  occasions 
when  chuting  is  the  most  direct  and  econ- 
omic method  of  getting  concrete  into  place. 
On  such  occasions  it  should  be  permissible 
unless  there  is  some  insuperable  objection, 
due  to  other  reasons.  Is  there  such  an 
objection  and  what  is  it?  So  far  as  we 
know  the  only  objection  urged  against 
chuting  is  that  it  segregates  the  concrete — 
separates  the  stone  from  the  finer  material. 
How  great  reason  is  there  for  this  belief? 
If  there  be  any,  is  it  not  practicable  to  ob- 
viate the  fault?  We  believe  that  segre- 
gation can  be  avoided  in  depositing  con- 
crete through  chutes  and,  this  being  so. 
that  chuting  is  a  wholly  reliable  and  econ- 
omic method  of  depositing  concrete  and 
should  be  employed  wherever  convenience 
and  cheapness  dictate  its  use. 

In  subaqueous  concreting  special  forms 
of  chutes  called  tremies  are  frequently 
used.  As  long  ago  as  1874  General  Gill- 
more  described  the  use  of  a  tremie  lor 
subaqueous  concreting  in  Chesapeake  Bay. 
and  the  device  is  probably  of  prior  origin. 
Experience  with  tremies  for  work  under 
water  will  be  found  stated  in  several  of 
the  general  treastises  on  concrete  work 
and  particularly  in  "Concrete  Construction. 
Methods  and  Cost"  by  Gillette  and  Hill. 
The  tremie  is  a  special  construction  of 
chute  in  respect  that  it  is  a  closed  tube, 
and  it  serves  a  special  purpose,  which  is 
to  keep  the  concrete  from  being  washed 
while  being  deposited,  that  the  ordinary 
chute  is  not  called  upon  to  serve.  This 
is  the  reason  for  the  closed  or  tube-like 
form  adopted.  We  have  no  records  of  re- 
sulting segregation  with  a  tremie  prop- 
erly handled.  This  may  be  due  to  the  fact 
that  the  tremie  is  operated  as  a  pipe  flowing 
full  and  continuously,  a  procedure  dictated 
also  by  the  purpose  of  excluding  water 
from  contact  with  the  concrete  during 
deposition,  but  if  it  is,  it  at  least  indicates 
one  way  of  avoiding  segregation  in  clnu- 
ing  concrete. 

Closed  chutes  operated  like  tremies,  tliat 
is,  kept  flowing  full,  have  been  successfully 
employed  for  depositing  concrete  in  air. 
In  one  instance  noted  by  the  present  writer 
some  16  years  ago  the  vertical  travel  of 
the  concrete  in  the  chute  was  about  2i>  ft. 
and  the  result  was  wholly  satisfactory.  In- 
deed the  engineer  in  charge  of  the  work,  a 
man  experienced  in  concrete  work,  stated 
that  he  wouldn't  hesitate  to  approve  the 
same  method  for  a  drop  of  100  ft.  if  the 
occasion  should  arise  for  such  action.     In- 
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a  lew  cajcs  similar  ctoseil  chutes  have  been 
used  in  filling  with  concrete  the  wells  or 
open  circular  cai^sllI)^  so  Keiu-rally  cin- 
ployctl  in  buildinK  foundaliun  work  in 
Chicago.  These  cai>sons  vary  in  diameter 
from  3  ft.  to  12  ft.  and  in  depth  from  90  to 
110  ft.,  and  they  arc  simply  circular  wells 
curbed  with  wood  staves  and  tilled  with 
concrete.  In  using  closed  chutes  for  con- 
creting these  caissons  the  method  is  not 
to  have  the  chute  flow  full,  as  above  de- 
scribed, but  to  dump  the  concrete  into  it,  a 
carload  at  a  time,  and  let  it  fall  free  to 
the  bottom.  The  closed  chute,  therefore, 
performs  little  other  services  than  to  con- 
fine the  concrete  during  its  fall  and  pre- 
vent scattering.  It  may  be  mentioned  here 
also,  apropos  of  the  permissibility  of  de- 
positing concrete  by  a  free  drop,  that  in  a 
large  proportion  and  perhaps  most  of  this 
Chicago  foundation  work  the  concrete 
is  simply  dumped  into  the  top  of  the  cais- 
son and  let  fall  to  the  bottom  with  no 
lamping  or  spreading.  This  method  does 
not  seem  to  have  been  injurious,  for  in 
the  several  instances  in  which  these  con- 
crete piers  have  been  laid  bare  after  con- 
struction the  concrete  was  found  to  be 
remarkably    solid    and    uniform. 

Passing  to  the  use  of  open  chutes  or 
troughs  we  can  And  numerous  examples  of 
their  successful  use  for  depositing  con- 
crete. In  l!K>-2  Mr.  \V.  J.  Douglas  used  an 
open  trough  chute  on  an  inclination  of  •Jo" 
and  having  a  vertical  drop  of  CtO  ft.  This 
chulc  was  simply  a  rectangular  trough, 
and  it  discharged  at  the  bottom  into  a 
hopper  from  which  whccl-barrows  were 
filled.  This  chute  took  the  concrete  from 
a  continuous  mixer,  and  it  was  found  best 
to  let  a  quantity  of  concrete  accumulate 
behind  a  gate  at  the  top  of  the  chute  and 
to  drop  it  down  the  chute  in  a  mass  by 
throwing  open  the  gate.  The  reason  for 
this  can  be  readily  understood  when  we  re- 
member the  thin  stream  of  the  discharge 
from  a  continuous  mixer.  With  mixers 
which  discharge  the  whole  batch  at  once 
there  would  be  no  necessity  for  the  top 
gate.  Though  this  chute  did  not  deposit 
the  concrete  directly  in  place,  there  was  no 
reason,  so  far  as  segregation  or  other 
conditions  of  the  concrete,  why  it  should 
not  have  done  so  had  it  been  expedient. 

Among  recent  examples  of  depositing  by 
chitting  we  may  mention  reinforced  con- 
crete arches  at  Clevelanil,  O.,  and  Bethle- 
hem, Pa.,  a  filter  plant  at  Pottstown,  Pa., 
and  several  reinforced  concrete  buildings 
on  the  Pacific  coast.  In  regard  to  this  re- 
inforced concrete  building  work  we  were 
recently  informed  in  a  brief  conversation 
with  a  contractor  who  had  witnessed  the 
method  that  it  seemed  destined  because  of 
its  success  to  wide  adoption.  Information 
of  somewhat  more  specific  nature  is  given 
in  a  description  of  an  oflicc  and  theatre 
huililing  recently  made  public  by  the  engi- 
neers who  ilesigned  and  supervised  the 
reinforced  concrete  work.  We  (|uote  their 
statement  as  follows : 


"In  a  convenient  place,  a  tower  was 
erected  Up  one  side  of  which  the  hoist 
track  was  placed  and  on  a  platform,  some 
.'!<•  ft.  above  the  work  on  the  building  was 
a  hopper,  with  a  capacity  of  two  or  three 
batclies  of  concrete.  This  tower,  track  and 
hopper  were  elevated  as  the  work  pro- 
gressed story  by  story.  From  the  hopper, 
controlled  by  a  gate,  the  concrete  was  run 
into  a  7-in.  galvani/ed  iron  pipe  of  mov- 
able sections  and  one  or  more  ball-bearing 
joints,  and  delivered  on  the  work  where 
desired.  Some  dilTiculty  was  experienced 
at  first  by  having  cither  too  small  or  too 
large  a  pipe,  but  it  was  found  that  a  7-in. 
pipe  was  about  right,  and  by  running  a 
little  water  in  the  pipe  before  starting  and 
afterwards  to  clean  it  out,  little  or  no  trou- 
ble was  had.  This  gravity  system  was 
very  satisfactory  both  to  the  contractor  by 
reducing  the  labor  force  and  to  the  engi- 
neers in  cliarge,  by  doing  away  with  the 
running  over  the  form  work  and  newly 
deposited  concrete  by  a  large  force  of 
bborcrs.  It  also  gave  a  concrete  of  very 
uniform  consistency  in  that  if  too  dry  it 
would  choke  up  the  pipe  and  if  too  wet 
the  aggregate  would  separate.  Properly 
handled  it  is  very  satisfactory." 

The  contractors  of  the  Bethlehem,  Pa., 
bridge,  mentioned  above,  deposited  some 
5,000  cu.  yds.  of  concrete  by  means  of 
steel  lined  chutes  and  through  a  maximum 
vertical  distance  of  some  74  ft.  They  re- 
port no  trouble  from  segregation  and 
that  the  concrete  was  uniformly  good.  In 
the  Cleveland  bridge  work  also  mentioned 
above  a  similar  report  of  highly  satisfac- 
tory results  is  had. 

These  examples  might  be  increased  in 
number  by  a  little  search,  but  they  are 
sufficient  to  demonstrate  thi;  feasibility  of 
depositing  concrete  for  even  high  class  re- 
inforced work  by  means  of  chutes.  Cer- 
tain precautions  must  perhaps  be  taken  to 
insure  the  best  results,  but  they  are  of  a 
simple  nature.  The  consistency  of  the  mix- 
ture is  perhaps  the  most  important  prob- 
lem. 

A  wet  concrete  will  flow  quite  readily 
on  a  slope  of  1  in  4.  In  constructing 
the  reinforced  concrete  ,-iqueduct  for  the 
Jersey  City,  K.  J.,  water  supply,  Mr.  Wm. 
R.  Fuller  deposited  concrete  through  short 
chutes  having  a  slope  of  1  in.  8.  The 
travel  of  the  concrete  was  short  and  a 
special  mixture  was  used.  The  concrete 
was  made  of  graded  aggregates  and  was 
mixed  wet  and  mushy,  but  without  any 
(|uantily  of  free  water,  and  both  these  facts 
doubtless  aided  in  the  success  of  the  chut- 
ing.  A  graded  concrete  works  better  some- 
thing as  a  fat  mortar  works  belter;  that  is, 
it  flows  and  spreads  smoother.  .Mso  a  con- 
crete wliich  is  wet  and  mushy  without  being 
sloprt'  holds  together  better  as  it  flows ; 
an  excess  of  water  giving  a  considerable 
amount  of  free  liquid  is  bound  to  separate 
and  carry  much  of  the  fine  material  down 
the  chute  ahead  of  the  stone. 

In  chuiing  concrete  a  mixture  is  wanted 


which  is  just  as  wet  as  it  can  be  and  "bold 
together"  well  wh-  ■  A  rich  mix- 

ture flows  t"-(l>-r  1!  •ixvir'-.  snd  a 

mixture  ••  ' 

in  the  m:  ■ 

has  not.  The  contractor  can  determine  the 
wetness  of  mixture  which  flows  \>e<t  by 
making  a  few  trials  with  mixtures  of 
difTerent  consistencies. 

A  slope  of  I  in  H  i<  .ihnui  a«  flat  probably 
as  concrete  v.:  -Ip,  even 

when  the  tra\i .  one  rec- 

ord of  concrete  being  conveyed  some  200 
ft.  in  a  V-shapcd  cl.utc  having  a  slope  of  1 
in  10,  but  men  with  shovels  were  stationed 
at  intervals  along  the  chute  to  "paddle" 
the  stream  along.  Obviously  the  inside  of 
the  chute,  particularly  if  its  slope  is  flat, 
should  be  as  smooth  as  practicable.  A 
lining  of  sheet  iron  helps  in  this  respect, 
and  is  also  more  easily  cleaned.  Cleaning  is 
essential  at  the  end  of  the  day's  work  and 
in  beginning  work  again  trouble  will  be 
avoided  in  handling  the  first  few  batches 
if  the  inside  of  the  chute  is  previously  well 
drenched  with  water  to  lubricate  it. 

The  construction  of  chutes  does  not  ad- 
mit of  carelessness.  The  loads  they  have 
to  handle,  particularly  on  steep  inclinations 
and  with  large  batches  arc  considerable. 
They  must  have  ample  strength  against 
bending  or  sagging  between  supports ;  if 
the  supports  arc  far  apart  the  chute  will 
need  to  be  stiffened  by  truss  rods  or  some 
similar  simple  means.  If  the  chute  changes 
direction,  say,  from  a  45°  slope  to  a  verti- 
cal drop  into  the  forms,  the  elbow  connec- 
tion needs  to  be  firmly  anchored  against 
the  shock  of  the  flowing  mass  due  to  its 
change  of  direction.  If  the  chnte  has  a 
long  sleep  straight  run,  some  arrangement 
is  desirable  to  prevent  scattering  when  the 
stream  discharges.  A  canvas  sleeve  depend- 
ing from  the  chute  or  a  short  vertical  el- 
bow will  conutionly  accomplish  the  result 
The  time  for  which  chutes  will  be  used  is 
ordinarily  not  long  enough  to  demand  much 
attention  to  the  question  of  wear,  but  the 
wear  from  fast  moving  batclies  of  concrete 
is  considerable  and  where  a  chute  will  have 
long  use  provision  must  be  made  for  wear. 
In  constructing  the  Cascade  Locks  where 
the  work  extended  over  several  years  and  a 
rather  expensive  traveling  steel  chute  was 
used  throughout  it  was  found  economical 
to  line  it  inside  with  a  removable  steel  lin- 
ing to  take  the  wear.  This  lining  needed 
to  be  removed  several  limes  during  the 
work. 

These  comments  on  depositing  concrete 
through  chutes  have  grown  somewhat  dis- 
cursive, but  they  may  not  be  entirely  use- 
less for  that  reason  in  strengthening  the 
rxntention  with  which  wc  started  that 
chilling  is  a  convenient  and  safe  practice 
and  shniild  be  recognized  as  such.  When 
lime  can  he  saved  or  work  cheapened  by 
using  chutes  instead  of  other  common 
methods  there  is,  in  our  opinion,  no  reason 
why,  if  ordinary  care  is  used,  they  should 
not  be  employed. 
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Concrete  and  Reinforced  Concrete  Section 


Note: — This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  cover  the  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mixing,  transportation  and  placing;  fabrication  and  placing  of  reinforcement, 
and  form  construction  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


Method  of  Constructing  an  Eight  Story 

Reinforced    Concrete    Building 

with  Some  Data  on  Costs. 

The  building  was  an  office  building  con- 
structed for  J.  P.  Baxter  at  Portland, 
Me.,  and  the  conditions  were   unusual,   in- 


Two  stories  were  put  on  in  eleven  days. 

The  construction  decided  upon  was  con- 
crete columns  and  flat  slab  floor  construc- 
tion. Brick  walls  12  ins.  thick  rest  along 
the  concrete  beam  which  runs  between  col- 
umns at  the  outer  edge  of  the  floors.  This 
wall    rests    8    ins.    on    the    concrete    beam 


Fig.  1 — View    Show/ing    Reinforcement   and  Track  for  Concrete  Cars. 


volving  in  iiarlicular  very  rapid  work  by 
the  contractor.  The  foundations  for  an 
80xl7."i-ft.  building  had  already  been  put 
in.  but  no  decision  had  been  reached  as  to 
whether  the  building  would  be  utilized  for 
hotel  or  office  purposes,  nor  what  its  height 
should  be.  It  was  then  late  in  August. 
1908.  After  inspection  of  the  work  done 
it  was  decided  to  build  a  si.K-story  super- 
structure and  to  employ  reinforced  con- 
crete in  connection  with  a  special  design 
to  insure  economy.  The  entire  matter  of 
design  and  erection  was,  placed  in  the 
hands  of  the  .\berthaw  Co.,  Boston,  Mass., 
under  a  special  form  of  agreement.  A 
fundamental  condition  was  that  $2,000 
should  be  forfeited  if  the  concrete  work  of 
the  roof  was  not  in  place  by  December  1st 
provided  that  the  foundations  were  turned 
over  on  September  1st:  the  latter  was  not 
actually  done  until  a  few  days  after  Sept. 
1.  In  the  meantime  the  height  was  changed 
to  eight  stories. 

Work  was  actually  started  on  the  super- 
structure about  the  middle  of  September, 
on  Dec.  1  the  roof  was  in  place  and  the 
side  walls  w-ere  half  way  up  on  three  sides 
.•Lud  tlic   front  brick  work  had  been  bey:un. 


and  extends  4  ins,  outside,  thus  giving  a  4- 
in.  veneer  over  the  concrete  beams.    This  i.' 


ordinary  brick  wall  construction.  The  low- 
er floor  was  figured  for  store  loads  and 
the  upper  floors  for  the  usual  office  loads. 

The  columns  were  molded  of  unusually 
rich  concrete.  1  part  cement,  %  part  sand, 
and  2  parts  of  crushed  stone.  Embedded 
in  the  columns  are  vertical  steel  bars.  The 
ends  of  these  are  milled  so  as  to  give  an 
even  bearing  from  one  to  the  other. 
.\round  these  are  steel  hoops,  and  on  the 
lower  floors  there  is  a  large  cross  section 
of  steel  bejide  the  concrete  carrying  the 
load.  The  tops  of  the  columns  flare  and 
steel  bars  which  extend  down  the  column 
inside  the  steel  hoops  branch  off  from  the 
columns  and  are  joined  together  by  hori- 
zontal hoops  at  the  floor  level.  When  the 
concrete  is  in  place,  it  will  be  seen  that 
the  arrangement  of  .steel  acts  like  a  spread 
footing  built  upside  down,  and  over  these 
heads  steel  bars  run  three  ways  so  that 
every  part  of  the  floor  slab  has  a  mat  of 
steel  at  the  bottom  carrying  the  weight  to 
the  columns.  The  construction  is  quite 
clearly   shown   by  the  view,   Fig.    1. 

The  floor  slabs  are  7  ins.  thick  for  the 
first  floor,  and  6  ins.  thick  for  the  floors 
above.  During  the  construction  when  the 
floors  were  green,  brick  were  several  times 
piled  4  ft.  deep  over  different  bays.  Plaster 
was  applied  directly  to  the  under  side  of 
these  floors.  This  does  away  with  lathing, 
and  as  there  are  no  beams  it  saves  in  the 
total  height  of  the  building.  For  finish 
floors,  screeds  bedded  in  cinder  concrete 
rest  on  the  floor  slabs  and  across  these  are 
nailed  the  finish  floor.  The  electric  light 
ducts  and  plumbing  run  under  this  wooden 
floor.  There  will  be  two  electric  passenger 
elevators  and  a  freight  elevator  with  a 
separate  entrance  in  the  rear. 

In  the  basement  was  set  up  an  electric 
motor  driving  a  counter-shaft  which  in  turn 
drove  the  mi.xer,  the  hoist,  and  some  other 
light  machinery  for  sharpening  tools,  etc.  .-K 


Fig.  2 — View  Showing  Top  of  Concrete     Hoist    and    Car    Track. 


the  same  construction  as  is  used     with     a 
steel    frame   and   gives   the   appearance    of 


hole  was  left  through  the  first  floor  of  the 
building  over  the  mouth  of  the  mixer  and  a 
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hovpi^r  w.-i»  htiili  in  this  ft-ith  the  mouth  di- 
rectly over  the  intake  of  the  mixer  Sand, 
»tonr  am)  cement  were  ^t•■rcll  on  the  tir»l 
floor ;  the  <.tone  and  sand  in  pile*  from 
»!,!.!■  •)'.  i-asured  into  front  dump 

>  ,1-    Ml  i  1   into  the  hoppir      Into 

the  hopper  was  also  dumped  llie  cement 
and  a  \alve  discharged  this  into  tlic  mixer. 
Water  was  fed  in  from  a  harrel  huntj  on 
tninninn*  and  lipped  into  hiip|>er.  An  auto- 
matic dumping  bucket  operated  on  an  ele- 
vator frame  dropped  into  the  hole  in  front 
of  the  mouth  of  the  mixer  so  that  the 
mixer  would  discharge  into  it.  Concrete 
was  dumped  l>y  the  Inicket  into  a  chute 
which  discharged  it  into  a  side  dump  car 
(Fig.  2).  This  car  ran  on  a  circular  track 
set  up  to  proper  height  from  the  centering 
of  any  floor,  and  from  the  car  it  was 
dumped  directly  onto  the  floor  and  very 
approximately  into  its  final  position.  By 
this  method  the  concrete  was  not  touched 
hv  hand  except  in  loading  the  sand  and 
I  cars  and  vvhat  little  sliovcKng  was 
-^ary  after  it  was  dumped  on  to  the 
forms.  The  concrete  was  mixed  very  wet 
and  all  stone  passed  a  IH-in  hole  in  ro- 
tary  screen  at   the  crusher. 

.As  far  as  possible  all  forms  were  cleatol 
together  and  very  little  lumber  was  used 
outside  the  cleats.  Thir  forms  from  one 
floor  were  moved  to  a  corresponding  posi- 
tion in  floors  al>ovc.  the  diflferent  cleated 
sections  iK-ing  numbered  for  the  purpose  of 
idenlitkation.  Electric  lights  were  strung 
over  the  job  so  as  to  allow  night  work. 
It  was  customary  to  do  concreting  by  day- 
light, when  it  was  possible  to  see  very 
clearly  everything  relating  to  reinforce- 
ment and  to  permanent  construction.  As 
far  as  possible  the  night  work  was  con- 
fined to  the  placing  of  steel  reinforcement 
and  the  handling  of  forms. 

The  organization  consisted  of  a  superin- 
tenilenl.  boss  carpenter,  competent  foreman 
for  placing  the  reinforcement,  and  labor 
boss:  along  with  timekeepers  and  material 
clerk :  and  later  on.  brick  boss,  man  in 
charge  of  carpentry,  and  the  usual  line  of 
gang  bosses  As  usual  on  all  work  done  by 
the  .MKrihaw  Company  the  reports  were 
made  out  daily  showing  the  number  of 
hours  employed  on  each  different  kind  "'f 
work  and  the  number  of  units  01  work  ac- 
complished »o  that  at  the  end  of  the  day  it 
was  possible  to  tell  the  exact  labor  cost  of 
each  kind  of  work.  The  cost  of  placing 
steel  reinforcement  divided  by  the  number 
of  tons  gave  the  cost  for  that  day  of  the 
handling  f>f  the  reinforcing  metal.  The 
same  procedure  divided  by  the  square  feel 
of  forms  placed  would  give  this  cost  All 
material  entering  into  the  work  was  also 
reported.  This  feature  is  valuable  in  con- 
tract work  in  judging  the  eftirienry 

From  these  records  the  following  costs 
of  work  were  obtained: 

The  cost  of  forms,  including  bracing  and 
scaffolding,    wa*    per    square    foot    of   con- 


crete surface  in  contact  with  forms  as  fol- 
lows : 

Ciiluniiiii.         Klwjr  Slal>«. 

Ilrm  "I-    ■•■  •   -•    "       •  >-    •'■■'  -■    " 

I'arpentfr    work. 

Lumber    

Nulln  anj  wiri- 

TolniK  M  V 

The  cost  111  ilie  ii.iKrete  in  place  was  as 
follows : 


Item 
<'emenT 
AiCk* 

Cfi.  . 

Team   :in<t    tiUMe. 

J'loni    


iiinna.  Klonr  8lnl>«. 

■11    fl  el«    |>er  eu    fl. 

s :  «.: 

-   I  S.I 


I 


I'  I 
1.: 


Tolnlii    I'T  .T  -.'O.; 

This  gives  a  cost  per  cubic  yard  for  ma- 
terials and  mixing  and  placing  concrete  of 
$7.37  fl  r  columns  and  of  $«>.80  for  floor 
slabs. 

There  were  .324%  tons  of  reinforcing  steel 
used  in  the  building  and  it  cost  to  shape 
and   place  $.5.1l.">  or  $l-"«.76  per  ton. 


Unit    Costs   of    Reinforced    Concrete 
Building  Construction. 

BV    T.     HERBERT    TILES.* 

This  article  will  deal  with  a  few  costs, 
with  which  the  writer  has  come  in  contact 
in  reinforced  concrete  construction.  The 
costs  here  given  are  those  of  labor  only, 
as  labor  costs  arc  usually  the  unknown 
ones  in  estimating,  the  material  costs  be- 
ing easily  obtained  from  the  schedule  of 
quantities  and  the  market  prices. 

These  costs  are  taken  from  different 
work  which  the  writer  has  been  on  and 
arc  known  to  be  correct  for  that  kind  of 
work.  They  arc  not  obtained  from  rough 
fig;ures    after    the    work    was    finished,    but 


conic  by  having  the  foreman  of  the  labor 
gangs  n\iV-  ts  for  each  nun  in  his 

crew      Til  ^4   aiul    (jetter   class   of 

ut  their  own  cards.  Each 
-s  in  a  lime  card  as  he 
vbevkcd  out  m  the  '  at 

night.      In    this    w;r  ach 

man's  time  and  how  it  was  spent,  was 
passed  into  the  office  each  night,  and  no 
special  men  were  lost,  as  usually  happens 
when  the  distribution  is  taken  from  fore- 
men's cards. 

The  cost  keeper  would  go  over  these 
cards  the  next  day  and  enter  the  totals  of 
the  labor  of  each  class  of  work  on  the 
cost  keeping  sheets.  The  record  was  di- 
vided into  different  accounts,  one  for  each 
division  of  the  work,  such  as  excavation, 
concreting,  forms,  floor  finish,  steel,  etc. 
.-Ml  time  was  charged  against  its  proper  ac- 
count in  such  a  way  as  to  show  the  date, 
kind  of  work,  total  time,  and  wage  rate,  as 
shown  by  the  accompanying   form. 

The  total  number  of  hours  in  the  analy- 
sis was  checked  up  each  day  with  the  total 
number  of  hours  on  the  timekeeper's  sheets. 
.\t  the  end  of  each  week  the  total  cost  of 
each  kind  of  work  for  the  week  and  the 
unit  cost  were  figured  up  and  a  summary 
made  of  the  totals  of  the  different  accounts. 
This  total  was  then  compared  with  the  pay- 
roll. If  everything  has  been  carried 
through  correctly,  the  two  totals  should 
check  within  a  few  dollars  They  will  not 
check  exactly,  as  average  wage  rates  are 
used  in  the  cost  keeping.  .\s  cost  figures 
do  not  mean  much  unless  the  rates  of 
wages  are  known,  the  average  rates  paid 
will  be  given.     They  are  as  follows : 


Date 


Kind  of  Work 


Account 


Mrs       *  Kate         Unit  Cost.      Tol«l  Cost 


from  carefully  kept  cost  records.  .Ml  of 
the  costs  are  from  jobs  consisting  of  a 
number  of  buildings. 

The  cost  analysis  was  kept  in  the  fol- 
lowing manner  Each  job  had  a  cost  keep- 
er whose  only  duties  were  those  of  keeping 
the  average  weekly  cost  of  the  <lifferent 
work  of  construction.  Th»  distribution  of 
the  time  was  taken  either  from  foreman's 
reports  or  from  time  cards.  Most  of  the 
costs  given  in  this  article  are  obtained  by 
means  of  time  cards. 

Time  cards  are  rather  difficult  to  get 
from  the  ordinary  labor  employed  on  con- 
struction work,  but  this  difficulty  was  over- 


•IJI   North  Stb  St.     AHenlown,   I»« 


Common  labor,  as  used  in  excavating, 
unloading  materials,  and  unskilled  work. 
17%  cts  per  hour,  foreman.  30  cts. :  con- 
crete labor.  19  cts.  per  hour;  foreman.  -40 
cts.;  steel  labor.  25  cts.  per  hour,  foreman, 
SO  CIS.:  form  labor,  used  for  stripping  and 
rough  carpenter  work,  30  cts.,  carpenters. 
■II  CIS.  per  hour,  and  foreman.  50  cts 

Costs  of  Unloadinn  MaUrials— Cement 
is  usually  unloaded  by  laborers  carrying 
the  bags  on  their  shoulders  from  the  car. 
or  by  wheeling  in  wheelKirrows.  If  a  car 
can   '  ■!   direct   from  the  car   into 

the   -■  ■  1.  with  very  little  carrying, 

six  men  can  unload  600  bags  equix-alent  to 
|.".ii    I.t.K      ;■<    n    li..iirs     at    a    unit    cost    of   2 
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cts.  per  bbl.  If  unloaded  by  wheelbarrows 
with  a  distance  of  100  ft.,  it  will  cost  4  cts. 
per  bbl.  but  may  run  up  to  5  cts.  or  6  cts. 
if  the  men  are  not  handled  in  the  proper 
manner. 

Sand  and  gravel  will  cost  on  an  average 
of  8  cts.  per  cu.  yd.  for  unloading,  laborers 
shoveling  it  from  the  car  to  the  storage  pile 
nearby.  The  cost  varies  from  6  to  10  cts., 
depending  upon  conditions. 

Reinforcing  steel  bars  can  be  unloaded 
at  a  cost  varying  from  35  cts  to  $3.00  per 
ton,  depending  upon  the  carrying  distance. 
Here  are  some  actual  costs : 

Unloading  %  in.  x  20  ft.  twisted  steel, 
from  box  cars  and  piling  it  on  ground  be- 
side car  32  cts.  per  ton. 

Unloading  frotu  gondola  cars,  carrying 
300  ft.  and  piling  on  racks  in  steel  shed, 
$3.00  per  ton. 

The  unloading  of  lumber  diflfers  consid- 
erably in  cost,  same  depending  upon  the 
distance  carried  and  the  size  of  the  sticks. 
It  was  found  however,  from  our  records 
that  it  cost  from  70  cts.  to  $1.00  per  1,000 
ft.  B.  M.  to  unload,  haul  200  ft.  and  pile, 
form  sheathing. 

Form  Work. — The  cost  of  form  work  is 
the  most  difficult  cost  to  get  in  reinforced 
concrete  construction.  This  is  especially 
so  in  regard  to  the  making  of  forms,  as 
the  work  on  construction  jobs  is  usually 
done  in  such  a  manner  that  it  is  hard  to 
distribute  the  costs  properly  and  have  the 
correct  amount  of  work  done,  reported. 
The  cost  work  here  referred  to  was  not 
started  in  the  best  way  to  give  good  costs 
of  the  making  of  forms  and  for  tliat  rea- 
son the  costs  of  making  forms  will  not  be 
as  complete  as  might  be.  The  unit  costs 
were  figured  on  the  number  of  square  feet 
of  form  surface  in  contact  with  the  con- 
crete. 

The  following  are  some  of  the  costs  of 
forms  made  in  a  field  carpenter  shop,  which 
consisted  of  two  saw  machines,  a  planing 
and  a  boring  machine,  with  a  shop  fore- 
man  in   charge. 

Per.  Sq.  Ft. 

of  Surface. 

Columns    cts. 

Girders  and  beams 5  cts. 

Floor  panels    2  cts. 

Wall  panels   H  cts. 

The  cost  of  setting  forms  for  the  floors, 
which  included  time  spent  in  the  moving 
of  the  forms  from  one  floor  to  another, 
erecting  and  setting  the  forms  of  columns, 
beams,  and  floor  panels  and  the  falsework 
supportnig  them,  was  figured  per  sq.  ft.  of 
floor  surface.  The  costs  of  different  floor 
set-ups  varied,  because  the  men  at  first 
were  unskilled  and  not  well  organized. 
From  1,300  to  1,800  sq.  ft.  of  floor  were 
set  up  in  a  day.  These  costs  ranged  from 
13  cts.  per  sq.  ft.  for  the  first  set-up  to 
4.7  cts.  for  the  roof  set-up,  making  an 
average  of  8.4  cts.  per  sq.  ft. 

The  stripping  of  the  floor  forms  cost 
from  2.5   cts.  to   1.5  cts.  per  sq.   ft.,  or   an 


average  of  1.9  cts.  per  sq.  ft.  of  floor.  This  Hints  to  Inspectors  of  Concrete  Work. 
makes  the  cost  of  setting  up  and  stripping  tt 
of  forms  for  floors  average  10.3  cts.  per  sq.  Form  Work. 
ft.  of  floor.  Forms  are  the  molds  in  which  the  con- 
The  curtain  walls,  between  columns,  Crete  is  shaped  to  its  purpose.  They  are 
were  put  in  place  after  the  floors  and  cost  constructed  of  wood  or  of  steel;  wood 
from  6  to  10  cts.  per  sq.  ft.  of  form  sur-  forms  are  most  used.  The  cost  of  forms 
face  for  setting  up,  or  an  average  of  8  cts.  >s  "  very  large  item  in  the  cost  of  most 
The  cost  of  stripping  these  was  %  ct.  per  kinds  of  concrete  work;  the  contractor 
sq.  ft.  Partition  walls  and  outside  plain  should,  therefore,  be  assisted  in  every  legit- 
walls  cost  from  4  to  8  cts.  per  sq.  ft.  of  iniate  effort  to  make  the  greatest  possible 
form  surface  or  an  average  of  5  cts.  for  "^^  of  his  forms.  Safety  must  always 
setting  and  %  ct.  per  sq.  ft.  for  stripping.  "^^^^^  fii'st.  however;  a  great  many  concrete 
Reinforcing  Steel.— The  steel  used  for  building  failures  have  been  chargeable  to 
reinforcing  was  twisted  rods.  The  column  imwise  handling  of  forms,  particularly  to 
cages,  beam  and  girder  reinforcements  "^e  removal  of  forms  before  the  concrete 
were  made  up  into  units  in  the  steel  yard.  ''^'^•'^  hard  and  strong  enough  to  carry  its 
From  there  they  were  carried  and  hoisted  ''5ads  unsupported.  The  inspector  should 
to  the  different  floors,  as  they  were  made  watch  with  care  all  portions  of  formwork 
ready  for  concreting,  and  were  put  in  place  having  any  bearing  on  safety.  Forms  being 
by  the  steel  gang  before  concreting.  The  ^he  molds  in  which  the  concrete  is  shaped, 
floor  steel  was  placed  as  the  floor  was  ^"^  "'^°''  '"  dimension  or  alignment  means 
concreted.  ^  corresponding  error  in  the  molded  con- 
The  cost  of  the  steel  work  is  divided  as  '-'''^''^  member.  The  inspector  should  also 
follows :  make  certain  that  the  forms  are  perfect  for 

Per  Ton.  "^'^'''  Purpose  in  these  respects.     It  should 

Unloading     $2.00  '-^'^  accepted  as  a  cardinal  principle  in  form 

Making   up    steel 5.50  inspection  that :   The  accuracy  of  no  detail 

Carrying     1.75  -«/'«//  be  taken  for  granted;  it  must  be  vcri- 

Placiug    1.00  ^'^'^: 

Constnietion    of    Forms. — See    that    the 

Total    $10  25  construction  of  forms  is  such  that  they  can 

be  removed  without  injury  to  the  concrete, 
Concrcling.~The  labor  costs  in  concret-  '"'"''  '^''='*  ^''^^^  ^^"  ^'^  erected  accurately, 
ing  varv  a  great  deal  with  the  plant  and  Construction  which  necessitates  the  use  of 
method  of  conveying.  On  this  work,  the  ^"^^'''^  "ow-bars  or  hand  sledging  to  take 
concrete  was  machine  mixed,  the  materials  "'''  ^"""^^  ^'P^"  '"  dangerous  to  the  con- 
being  run  into  storage  hoppers  over  the  '''"'^^-  '^''^  '''^^'  ^°™  construction  is  one 
mixer,  bv  a  self  dumping  car,  on  an  in^  '"  '^'"'=''  "'"^  P^''*^  ^""^  assembled  by  means 
clined  track,  from  the  material  pile  where  °^  ^''''"'P'  ^'"^  wedges,  and  not  by  nails, 
it  was  loaded  bv  hand.  The  concrete  after  -^hgnment  of  Forms.-See  that  all  forms 
being  mixed,  was  raised  to  the  proper  ''"'  "^"^^"^  '"  '=-^^='  alignment,  both  ver- 
floor  by  a  hoist,  which  dumped  automatical-  '"='  '■^,  '"'"^  horizontally;  that  column  and 
ly  into  a  hopper.  From  this  hopper  the  '''^"  ^°'"''  ^""^  P'"™'' •  '^at  girder  boxes 
concrete  was  wheeled  to  the  desired  loca-  '■""'  "''''"  ^°'"'"'  ''""''  ^''*''°"'  ^'"''^  or 
tion  by  means  of  concrete  carts  The  >wists;  that  slab  cemers  are  level,  etc.  If  the 
greatest  wheeling  distance  was  .350  ft  and  ^°'"'^  '*'''"^  ^"^  considerable  time  between 
the  least  50  ft.,  making  the  average  dis-  '''■''''"°"  ^"'^  ^""'^  °^  depositing  the  con- 
tance  200  ft.  The  costs  of  concreting  col-  ""'"■  '^''^^  ^^'^  alignment  just  before 
umns  and  floors  ranged  from  2  8  cts  'to  4  2  P'^'^'"^  "'^  concrete.  Check  the  alignment 
cts.  per  cu.  ft.,  or  an  average  cost  of  3.5  f ',"  ,''°""^  ''"'^  '^*g'^  ^'"^s.  Keep  care- 
cts  per  cu  ft  check  on  the  alignment  of  movable 
In  concreting  footings,  the  material  was  '''"''  ^°""'  "'f  !"  r"''"  <^°"struction ;  they 
moved  to  the  mixer  by  means  of  wheel-  ■;-=q">'-^  special  skill  and  care  to  keep  in 
barrows  instead  of  self  dumping  cars,  and  'T'.  ^T  ,  =>hgnmcnt  during  the 
wheeled  to  the  desired  location  over  plank  ^.^""^  f  *!'"  concrete;  the  loading  may 
runs.  Under  these  conditions  the  cost  of  ^'''°"  ''^  ^°™'- 
concreting   was    5    cts.,    with    the    carrying  ,    ^"■"'!^"\   "f  Forms.-See  that   all    forms 

distance  the  same  as  for  the  floors.     '     '  ^T'\  '"'"'',  '""""^  '    !?    '""P""    ''"'"P"'^ 

the    loads    they   are   called    upon    to    carry, 

■  Proper  support  of  concrete  in  construction 

The   record   for   daily   excavation    in    the  work  means  immovable  support,  not  merely 

Central  Division  of  the  Isthmian  Canal  was  support   sufficient  to  prevent  collapse. 

broken  on  February  27,   1909,  for  the  fifth  Rigidity   of  Forms.— See  that  the   forms 

time   during  the  month.     On   that  date   59  are  rigid,  immovable  under  the  loads  they 

shovels  excavated  77,064  cu,  yds,,  an  a\or-  have  to  carry. 

age    of   1,306   cu.   yds.    per   shovel    for   the  Loads  on  Forms.—See  that  the  loads  on 

8-hour   day.     The   material   excavated   was  forms    are    restricted    to    those    for    which 

loaded  in  2,177  Lidgerwood  flats,  352  large  the    forms   are   designed.     These   comprise 

Western  dump  cars  and  2,7.54  small  West-  the  weight  of  the  concrete  and  such  neces- 

ern  and  Oliver  dump  cars,  a  total  of  5.283  sary   construction    loads   as    the   weight    of 

car  loads.  workmen,     runways,     wheelbarrows,     etc. 
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Storage  oi  conatructiuii  material)  tor 
future  use  on  the  lornis  should  be  pro- 
hibited. 

U'flting  of  Forms. — See  that  all  fomis, 
it  not  coated  with  some  oil,  arc  thor- 
ouchly  wetted  on  IkjiIi  sides  before  con- 
crete is  poured.  A  soaking  wetting  is 
necessary;  see  that  the  water  is  thoroughly 
applied  to  the  boards  until  they  will  take 
up  no  more  moisture.  Even  when  the 
inside  of  the  forms  is  oiled  it  is  a  good 
plan,  especially  on  hot  days,  to  wet  down 
the  outside  of  the  forms  thoroughly. 

Oiling  Forms. —  Sec  that  the  forms  are 
oiled  at  each  setting,  just  before  depositing 
the  concrete.  Take  care  that  an  excess  of 
oil  or  other  ungticnt  is  not  used ;  take  care 


liai   II   will   shrink 


ICC, 

for 


luiiihtr  l^   nut 
to  as  to  leave 

Note:  NVhiu  j.i 
Oregon  pine  and  r. 
forms ;  hemlock  is  unreliable. 

Sisf  and  Finish  of  Lumber. — Sec  that  the 
size  of  the  lumber  is  such  that  it  will  not 
deflect,  bulge  or  warp  unduly  under  the 
conditions.  Sec  that  it  is  straight  and  true 
and  of  even  thickness.  See  that  the  finish 
is  such  as  will  give  the  surface  results  de- 
sired. 

Clt\inin<j  Form  Lumber. — Sec  that  form 
lunibor  which  has  been  previously  used  is 
thoroughly  cleaned  of  adhering  concrete  or 
dirt.  The  cleaning  should  be  done  before 
the  lumber  is  again  built  into  forms. 
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Fig.    1 — Correct. 


Fig.  2 — Incorrect. 


Fig.  3 — Incorrect. 


that  spots  from  which  adhering  concrete 
has  been  cleaned  are  cspcciall  well  oiled, 
concrete  shows  a  tendency  to  stick  again 
to  the  places  on  which  it  has  once  stuck. 
Never  grease  or  oil  forms  where  concrete 
is  to  be  plastered  or  whitewashed :  the 
grease  will  discolor  the  work  and  make  the 
bond  Iwtween  coating  and  wall  concrete 
poor. 

Cleaning  Forms. — Sec  that  all  forms 
(beam  boxes,  column  molds,  wall  forms, 
etc.)  are  carefully  and  thoroughly  cU-ancd 
from  shavings,  chips,  sawdust  and  adhering 
or  accumulated  foreign  matters  of  all  kinds 
before  concrete  is  allowed  to  be  deposited. 
The  cleaning  should  be  done  just  previous 
to  placing  the  concrete. 

Removing  Forms  for  Finishing. — Where 
the  surface  is  to  be  finished  by  scrubbing 
or  other  process  requiring  the  concrete  to 
be  still  green,  see  that  proper  provision  is 
made,  in  the  construction  of  the  forms,  for 
laying  bare  the  concrete  as  fast  as  it 
reaches  the  required  hardness. 

Lumber  for  Forms. — Sec  that  the  lumber 
for  forms  is  of  such  quality,  size  and 
finish  that  it  promises  absolute  stability  and 
reasonably  perfect  work  under  the  condi- 
tions. It  is  the  contractor's  right,  if  unre- 
stricted by  the  specifications,  to  use  such 
lumber  as  he  pleases,  providing  he  gives 
the  results  required,  but  it  is  the  inspector's 
right  to  insist  that  the  lumber  used  prom- 
ises the  specified  results  with  reasonable 
certainty. 

Quality  of  Lumber. — Lumber  from  weak 
and  treacherous  woods,  that  is  cross- 
grained,  that  contains  knots,  wind-shakes, 
or  rot  which  endanger  its  safety  under  the 
conditions,  should  not  be  allowed.  See 
that  the  lumber  is  not  so  dry  that  when 
soaked  by  the  concrete  it  will  swell  so  as 
to  bulge  and  distort  the  forms :  see  that  the 


Fiibrication  of  Forms. — See  that  the  car- 
pentry is  workmanlike,  the  measures  accu- 
rate, the  lines  true  and  square,  the  joints 
close,  and  the  finish  neat.  Form  work  is 
not  cabinet-makers'  work,  but  it  is  good 
all  around  carpenters'  work,  and  it  should 
be  done  in  a  workmanlike  manner.  Watch 
particularly  the  piecing  out  of  beam  boxes, 
the  alteration  of  column  molds,  etc. 

Tight  joints. — Sec  that  all  joints  in  forms 
are  fairly  tight.  .-Xbsolutc  water  tightness 
is  not  demanded,  but  the  joints  should  be 
close  enough  to  prevent  leakage  of  the 
liquid  mass  which  will  bleed  the  concrete 
of  any  material  portion  of  its  cement. 

Bci-cline  Strips  and  Moldings.  —  When 
beveled  or  rounded  edges  are  specified,  sec 
that  the  proper  beveling  strips  or  moldings 
arc  placed  in  the  forms.  This  is  a  minor 
detail,  very  likely  to  be  overlooked  by  car- 
penters. 

Sfitcing  and  Squaring  Column  Molds. — 
Sec  that  column  molds  are  accurately 
spaced  in  all  directions  and  that  they  are 
set  square  with  the  lines  laid  down  on  the 
plans.  Figures  ),  "2  and  3  indicate  the  kind 
of  errors  in  spacing  and  squaring  that 
should  be  watched  for. 

Cleaning  Ci>lumn  Molds. — Sec  that  the 
column  jnolds  arc  cleaned  with  scrupulous 
care.  The  bottoms  of  column  molds  arc 
particularly  likely  to  get  the  sweepings 
from  girder  boxes  and  other  debris,  and 
they  are  particularly  hard  to  clean  unless 
special  provision  is  made  for  cleaning.  A 
good  practice  is  to  reiiuirc  the  iKittom  of 
the  mold  to  lie  left  open  on  one  side  un- 
til ready  to  pour  the  concrete.  This  open- 
ing gives  access  fur  cleaning,  permits  ex- 
amination for  cteanlincss  and  gives  light 
by  which  the  lodging  of  sticks  or  blocks 
in  the  reinforcement  can  be  detected  by 
peering  up  through  the  mold. 


ail'.  '  . 

provide    for  under     load.      By 

camlwr  is   ri:  ing  the   box   slightly 

higher  at  mid  span  than  at  the  ends.  A 
common  cambeh  is  H  in.  for  every  10 
ft.  of  span. 

Il'ire    Ties   and    Spacers — See- that    the 
wire  lies   for   wall   forms  arc   in  plTi<-<.  and 
arc  made  taut  so  as  to  pull  the 
against    the    spacers.      The    it:-  ■ -.r 

shown  by '  Fig.  4  is  the  best.  See  that 
the  spacers  arc  removed  from  the  forms 
as  soon  as  the  concreting  reaches  them. 
Careless  or  lazy  workmen  will 
ply  knock  them  out  and  leave  ti 
ded  in  the  wall,  or  bury  them  a^  they 
stand. 

Projecting  Ends  of  Il'ire  Wall  Ties.— 
See  that  the  projecting  ends  of  wire  ties 
used  to  hold  together  the  sides  of  wall 
forms  and  left  embedded  in  the  concrete 
arc  cut  off  smoothly  and  flush  with  the 
face  of  the  wall.  A  rust  spot  invariably 
forms  on  the  face  of  the  wall  where  the 
tic  is  cut  off  so  that  such  ties  should 
not  be  used  where  the  presence  of  rust 
spots  is  prohibited. 

Bolt  Ties  and  Spacers. — See  that  the  holts 
arc  tightened  afpjinst  spacers  set  between 
the  two  sides  of  the  forms  inside.  See 
that  the  bolts  are  enveloped  inside  the 
form  with  sleeves  or  arc  thoroughly 
greased,  otherwise  the  bolt  will  stick  and 
can  be  drawn  out  only  by  wrenching  and 
tearing  the  concrete,  and  perhaps  cannot 
be  removed  at  all.  Sec  that  bolt  ties  arc 
not  located  close  to  a  comer  or  face  or 
the  concrete  may  be  spalled  oflF  in  pulling 
them. 

.Inchorine  Pyramidal  or  Batter  Forms. 
— See  that  forms  for  retaining  walls  with 
battered  sides,  pyramidal  forms  for  column 
fooiinijc,    etc.    arc    firmly    anchored    down 
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Fig.  4^Wlre  Tie    For   Forms. 


to  resist  the  up-thrust  or  llualing  cflfect 
of   the    semi-lii|ui<l    concrete. 

Arch  C enters.SvK  that  arch  centers  arc 
framed,  assembled  and  erected  in  a  work- 
manlike manner.  See  that  substantial 
loiinations  are  providcti  for  the  center.  See 
that  suitable  means  arc  provided  for  strik- 
ing or  lowering  the  center  gradually  and 
withottr  ^linrk  or  jar  to  the  concrete.  See 
that  is  made,  in  erecting  centers, 

for  ■  ■-  \inder  load  and  for  perma- 
nent camber.  See  that  the  lagging  is  of 
even  thickness  and  is  made  smooth  to  give 
a  good  surface  to  the  soffit  of  the  arch. 
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Earth  and  Rock  Section 


Note:  This  Section  is  devoted  to  methods  and  costs  of  excavating  earth  and 
rock  and  building  cmbanl<nients.  It  will  cover  the  grading  of  roads  and  rail- 
roads, diking  and  canal  work,  dredging,  building  reservoirs  and  earth  dams, 
sewer  and  water  pipe  trenching,  quarrying,  etc. 


Methods  of  Deep  Well  Drilling  in  the 
Gulf  of  Mexico  Costal  Plain. 

The  costal  plains  of  Texas  and  Louis- 
iana, now  being  rapidly  developed  as  vege- 
table and  rice  growing  areas  by  deep  well 
irrigation,  presented  one  of  the  most  dif- 
ficult problems  ever  encountered  in  deep 
earth  drilling  until  a  drill  especially 
adapted  to  penetrate  the  formations  en- 
countered  was  invented. 

The  Texas  Costal  plain  is  developed  on 
a  stratification  of  sands,  graveh  clays,  and 
loams,  spread  in  thin  but  usually  extensive 
beds,  separated  by  an  occasional  thin  strat- 
um of  soft  rock,  the  whole  dipping  gently 
to  the  east.  These  sediments  extend  to 
great  depth,  a  well  sunk  at  Galveston  to 
a  depth  of  3,067  ft.  being  entirely  in  these 
formations.  The  alternating  porous  and 
impervious  members  of  this  region  pro- 
duce ideal  conditions  for  artesian  well-;. 
Over  the  greater  part  of  this  area  the  rocKs 
are  of  the  Tertiary  age.  but  in  the  interior 
border  Upper  Cretaceous  sediments  appear. 
In  the  costal  region  of  Louisiana,  the  out- 
crop is  usually  of  the  Quaternary  age,  but 
most  deep  wells  obtain  their  water  supply 
from  the  Tertiary  deposits  underneath  and 
the  general  conditions  for  deep  drilling  are 
very  similar   to  the  costal  plain  of   Texas. 

When  oil  was  first  discovered  in  the 
Corsicana  and  Beaumont,  Texas,  fields,  a 
large  number  of  makes  of  drills,  operating 
by  the  spudding  or  churning  method,  were 
tried  in  these  territories  but  after  many 
months  of  effort  in  which  not  a  single  well 
was  sunk  to  great  depth  by  these  machines 
and  many  drills  became  stuck  in  the  wells 
by  the  caving  quicksands  encountered  the 
holes  were  abandoned.  A  rotary  drill,  op- 
erated by  the  hydraulic  jetting  process 
which  proved  especially  adapted  for  han- 
dling these  formations  was  finally  intro- 
duced. Practically  all  deep  wells  sunk  in 
the  costal  plain  regions  of  Louisiana  and 
Texas  are  now  put  down  by  this  method, 
many  of  them  at  the  rate  of  1,000  ft.  a 
day. 

The  style  of  machine  used  varies  consid- 
erably in  different  localities,  depending 
upon  whether  small  wells  of  moderate 
depths  or  large  wells  of  great  depths  are 
required.  For  drilling  small  wells  a  port- 
able outfit  is  usually  employed.  This  con- 
sists primarily  of  loosening  the  earth  with 
a  hollow  rotating  bit  and  bringing  it  to 
the  surface  by  the  upward  current  of  water 
obtained  by  forcing  water  down  through 
the  drill  pipe,  with  a  suitable  style  of  pump, 
which  is  connected  with  the  top  of  the  pipe 
by  a  hose  and  water  swivel.  An  a  rule 
small    wells    are   not    cased    until    after   the 


liole  is  completed.  As  a  means  of  pre- 
venting the  sides  of  the  hole  from,  caving 
while  being  sunk,  which  they  would  be 
certain  to  do  were  they  not  sealed,  a  large 
quantity  of  clay  is  thoroughly  puddled  with 
the  water  forced  down  the  drill  pipe  and 
this  penetrates  the  porous  strata  to  a  suf- 
ficient depth  to  make  the  walls  of  the  hole 
stand.  To  furnish  a  water  supply  for  the 
pump,  a  small  reservoir,  or  sump,  is  first 
constructed  divided  by  a  partition,  in  one 
end  of  which  a   reserve  supply  of  water  is 


strainer  near  the  bottom  of  the  well.  If 
the  strainer  is  to  be  three  lengths  of  pipe 
long,  or  say  60  ft.,  care  is  taken  to  insert 
in  the  casing  three  lengths  of  3  in.  pipe 
and  the  space  between  the  inner  and  outer 
pipes  filled  with  shavings  so  that  it  cannot 
fill  with  earthy  matter  when  descending. 
In  case  it  does  not  descend  readily  of  its 
own  accord,  the  lower  end  is  fitted  with  a 
saw-tooth  bit  and  it  is  rotated  down  by 
power  in  substantially  the  same  manner  as 
when  sinking  the  drill-hole.  The  upper 
end  of  the  interior  3-in.  pipe  carries  a  con- 
ical sleeve  so  that  it  can  be  caught  read- 
ily by  the  threaded  end  of  other  lengths  of 
pipe  lowered  afterward  for  drawing  it 
from  the  well.  When  the  permanent  cas- 
ing is  sunk  to  the  desired  depth,  the  shav- 
ings are  jetted  out,  the  interior  pipe  drawn 
and  the  well  pumped  to  remove  any  im- 
purities forced  down  while  drilling. 


Jy?fr.-  Con/r. 

Fig.  1. 


Fig.  3. 


Fig.  4. 


Fig.  1. — Showing  method  of  getting  down  a.  ■n'ell  through  either  hard  or  soft  mate- 
rial.    The   string   of   tools   is    churned   up   and    down. 

Fig.  2. — Showing  method  of  sinlting  a  well  by  the  rotary  h.vdraulie  .jetting  process. 
The  well  is  first  drilled  and  then  cased  with   piping. 

Fig.  3. — Showing  the  method  of  sinking  a  well  by  the  rotary  hydraulic  jetting  proc- 
ess. The  casing  is  sunk  by  means  of  the  cutting  shoe  and  the  core  washed  out  as 
indicated. 

Fig.   4. — Showing  method  of  taking  a  core   when    sinking  a   well    through   rock. 


kept,  and  in  the  other,  in  which  the  suction 
pipe  of  the  pump  is  located,  clay  is  con- 
stantly added  and  puddled  or  rolled  during 
the  entire  time  the  drill  hole  is  being  sunk. 
No  other  means  has  equaled  this  simple 
method  of  preventing  the  porous  strata 
from  caving. 

In  sinking  the  drill  hole  by  this  method, 
the  water  forced  up  outside  the  pipe 
washes  out  a  hole  much  larger  than  the 
pipe  so  that  it  is  usually  possible  to  sink 
a  permanent  well  casing  10  to  12  ins.  in 
diameter  in  a  well  in  wliich  a  3-in.  pipe 
was  used  in  boring. 

When  the  desired  depth  has  been  at- 
tained, the  drill  pipe  is  removed  and  the 
permanent  well  casing  inserted.  The  first 
one,  two.  or  three  sections  of  the  perma- 
nent   casing      are     perforated     to    form    a 


When  a  well  of  large  diameter  is  sunk 
to  a  depth  of  500  ft.  or  more  a  four-post 
derrick  is  usually  erected,  the  standard 
heiglit  of  which  is  about  85  ft.  to  admit  of 
two  or  three  lengths  of  pipe  being  swung 
into  the  well  at  one  time.  A  power  driven 
rotary  machine,  as  illustrated  herewith,  is 
used  and  either  the  rotary  or  tlte  engine 
equipped  with  a  reverse  gear.  A  pump  is 
used  having  a  two-way  or  a  three-way  cock 
in  the  discharge  pipe,  each  of  which  is  con- 
nected with  a  lead  of  hose  to  the  end  of 
which  is  attached  a  water  swivel.  A  hoist- 
ing drum  is  carried  in  one  side  of  the  der- 
rick frame  near  the  base  from  which  a 
rope  cable  extends  over  a  sheave  at  the 
top  of  the  derrick  to  the  water  swivel  at- 
tached to  the  top  of  the  drill  pipe.  Above 
the  hoist  in  the  derrick  frame  is  carried  a 
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power  shait  lerminatini'  :ii  oiir  nij  m  a 
cat-head  to  which  power  i*  iraniiiiittcil 
frum  the  engine  by  a  sprocket  chain  and 
another  sprocket  drive  leading  from  this 
ihaft  propcU  the  'rotary. 

The  drill  is  cither  of  the  stw-tooth  type, 
a-,  shown  herewith,  in  which  case  it  is 
uMiall)  attached  li>  ilir  pipe  which  forms 
the  permanent  well  ca-ing  and  the  well 
completed  at  one  operation,  or  it  may  he 
of  the  lish-tnil,  or  "Paddy"  pattern,  with 
which  the  well  ii.  bored  and  cased  after- 
ward or  the  permanent  casing  may  follow 
the  drill  <lown  and  tin-  outer  casing  tlius 
prevent  the  well  from  caving  should  quick- 
>and>  lie   encountered. 

When  ground  is  firm  the  fish-tail  drill  is 
more  rapul  than  the  saw-tooth  for  the  rea- 
son that  the  center  of  the  drill-hole  is 
chopped  out  instead  of  being  washed  out 
as  is  the  case  when  the  saw-toothed  type 
of  drill  is  used. 

When  sinking  welU  in  these  alluvial  de- 
posits by  the  hydraulic  jetting  process,  a 
valve  opening  downward  is  placed  in  the 
pipe,  the  object  U-iiig  to  prevent  the  heav- 
ier mud  and  water  on  the  outside  of  the 
pipe  from  coniins  up  and  settling  in  the 
pipe,  when  new  lengths  of  pipe  are  at- 
tached When  additional  pipe  is  to  be 
added,  two  or  three  lengths  arc  screwed 
together  and  attached  to  one  of  the  idle 
water  swivels  connected  to  the  pump  and 
swung  into  position  in  the  derrick  over  the 
well  by  means  of  a  rope  extending  over 
one  of  the  sheaves  at  the  top  and  connect- 
ing with  the  cat-head.  When  everything  is 
ready,  the  two  or  three-way  cock  to  the 
pump  is  turned,  the  gear  to  rotary  or  en- 
gine reversed,  the  water  swivel  in  use  un- 
screwed and  by  again  reversing  the  gear 
the  new  pipe  is  added,  the  water  cock 
opened  into  the  new  pipe  and  the  connec- 
tion ;s  made  in  less  than  15  secd>.  without 
stopping  the  pump,  the  improved  machines 
performing  all  the  work  of  unscrewing  and 
screwing  together  the  pipes. 

Experience  has  proved  that  there  is  prac- 
tically no  danger  of  loosing  a  drill-hole 
when  drilling  through  caving  quicksands 
so  long  as  a  flow  of  water  is  maintained 
thro\igh  the  pipe  and  for  this  reason  it  is 
very  important  that  the  addition  of  new 
pipe  be  made  as  quickly  as  possible  as  an 
interruption  of  the  flow  for  only  one  or 
two  minutes  frequently  means  the  loss  of 
the  drill-hole.  Ry  this  method  under  per- 
fect working  conditions  it  is  surprising 
how  rapidly  a  drdl-hole  can  be  sunk,  in 
many  instances  the  pipe  sinking  faster  than 
new  lengths  can  be  attached  in  which  ca-.e 
it  must  l>e  supported  while  addilimial 
lengths  are  attached 

One  size  of  pipe  is  frequently  sunk  l,""<i 
ft  by  the  hydraulic  jetting  process.  Should 
an  exceptionally  hard  rock  stratum  be  en- 
countered which  this  type  of  drill  will  not 
penetrate,  the  well  is  cased  to  the  rock  and 
a  rotary  drill  nf  a  smaller  si/e  rim  into  tliis 
casing  to  core  through  the  rock.  This  type 
of   drill   is   a    plain   tuln-   of   very   »>>ft    iron 


liatnig  a  slot  extenduig  upward  and  back- 
ward in  a  diagonal  direction  for  several 
inches  from  the  lower  face.  This  drill  is 
rotated  in  the  same  manner  as  the  other 
types  of  drills  except  that  it  is  churned  or 
■■jumped"  a  few  inches  in  addition  to  the 
rotary  movement.  .-Xs  a  means  of  cutting 
the  rock,  adamantine,  wliicli  is  small  ir- 
regular pellets  of  steel  chilleil  to  extreme 
hardness,  is  fed  down  the  drill  pipe  and 
carried  under  the  face  of  the  bit  by  the 
flow  of  water,  the  churning  action  and  the 
slot  in  the  drill-bit  feeding  it  under  the 
face  of  the  drill  and  imbedding  it  in  the 
edge  of  the  bit  in  a  manner  which  makes 
it  cut  the  rock  very  rapidly. 

When    the    core    is   to   be    removed,    the 


Before  this  process  was  invented,  no 
well  was  sunk  in  this  territory  to  a  depth 
greater  than  700  ft.,  but  with  its  adoption 
wells  of  1,^00  to  2,000  ft  arc  frequently 
simk,   with  the  record  at  .1."Vn    ft 

We  are  indebted  to  the  .\mrr 
Works,  of  Aurora.  III.,  for  the  in-      > 
upon   which  this  article  is  based. 


Fig.  5^Four  Post  Derrick  Well  Drilling 
Outfit. 

water  is  shut  off  and  a  few  handsful  of 
gravel  are  fed  in  at  the  top  of  the  drill 
pipe.  The  rotation  of  the  pipe  quickly 
wedges  this  between  the  core  and  the  core- 
barrel  and  snaps  ofT  the  core  enabling  it 
to  be  removed  by  drawing  out  the  drill 
rods  This  operation  is  repeated  until  the 
rock  is  cored  through  when  the  well  can 
be  carried  down  to  any  desired  depth  by 
the    Irltiiik!   |iriH-e--   ii»iiic    a   smaller   pipe 


Comments  on  Dump  Wagons. 
(Contmued  from  p.  2->t»,  March  24,  1909.) 

In  this  series  of  articles  we  have  already 
ciinmiented  upon  bottom  dump  wagons,  in- 
cluding dump  boxes  and  steam  cart  or 
wagons,  and  we  have  still  to  consider  eml 
dump  wagons  and  special  dumping  wagon 
Wc  now  take  up  end  dimip  wagons. 

The  Studebaker  Bros.  Mfg.  Co.  of  South 
Mend.  Im<I..  manufacture  se\xn  styles  of 
end  dump  wagons.  They  vary  in  capacity 
from  1  cu.  yd.  to  5\  cu.  yds.,  and  each 
style  is  meant  to  be  used  for  difTerent 
classes  of  work.  Most  of  these  wagons 
are  meant  for  city  work,  but  some  of  them 
arc  also  adapted  for  work  in  the  country. 
The  first  one  is  known  as  the  standard  rear 
dump  wagon.  It  dumps  on  the  same  prin- 
ciple as  a  dump  cart,  but  even  without  sidc- 
iKjards  is  of  much  larger  capacity.  The 
body  is  low  enough  to  allow  of  men  shov- 
eling into  it.  but  side  boards  can  be  used  to 
give  it  a  capacity  of  3M  cu.  yds.  When  so 
equipped  the  wagon  weighs  2.500  lbs.  There 
is  a  platform  in  front  for  the  driver's  seat. 

Their  second  wagon  is  called  a  rear 
dump  ash  wagon.  It  is  designed  especially 
for  handling  ashes  and  garbage  in  towns 
and  cities.  It  is  shorter  coupled  than  the 
other  wagon  and  a  little  heavier,  weighing 
•2.S0<J  lbs.  It  dumps  in  the  same  manner, 
the  driver,  however,  sits  on  the  body  of  the 
wagon.  The  third  wagon  is  the  .\llcgheny 
rear  dump  wagon,  which  is  meant  for 
heavy  hauling  of  any  kind.  The  wagon 
has  a  capacity  of  b\  cu.  yds.  and  weighs 
3.560  lbs.  The  body  is  hinged  on  a  long 
lever  hinge  that  is  controlled  by  a  screw- 
on  the  front  of  the  wagon  that  rights  the 
I>ody. 

The  fourth  style  of  wagon  is  known  as 
the  platform  spring  rear  dump  wagon. 
This  wagon  is  meant  for  general  contract 
work  in  cities  and  towns.  It  is  etjuipped 
with  regtilar  truck  platfonn  springs.  The 
tail  gate  is  hinged  at  the  top  to  each  side 
of  the  wagon,  and.  as  the  wagon  is  dumped, 
opens  automatically.  It  has  a  capacity  of 
alKint  !\  cu.  >ds.  ami  wei^bs  ■.'.7tJ0  lbs.  /Vfter 
the  wagon  is  dumped  it  is  righted  by  wiml- 
ing  a  crank  on  one  side  of  the  wagon 
There  is  a  set  of  standards  on  the  front 
of  the  wagon  to  which  the  lines  may  l>e 
fastened  while  dumping. 

The  other  three  w.igons  are  all  made 
with  steel  bodies,  and  without  tail  gates, 
the  rear  being  built  on  such  an  angle  as  to 
discharge  the  load  when  the  wagon  is 
dumped.  These  wagons  arc  equipped  with 
covers  and  are  designed  primarily  for  wet 
f.irli.it.,-    v.M.i.,-    Ml, I    v,.i't   muck  and  mud 
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taken  from  manholes  and  conduits.  The 
dumping  arrangements  are  different  in 
each  model. 

The  Senderling  Mfg.  Co.,  of  647  W. 
47th  street,  New  York,  are  manufacturers 
of  end  dump  wagons.  To  a  great  extent 
their  business  has  been  limited  to  the 
neighborhood  of  the  city  of  New  York,  al- 
though they  make  wagons  for  both  city 
and  country  use. 

To  understand  more  clearly  the  extensive 
use  of  end  dump  wagons  in  New  York 
City,  one  must  be  familiar  with  the  condi- 
tions affecting  work  there.  For  earth  and 
rock  excavation,  and  also  for  loading  sand, 
broken  stone  and  other  building  materials, 
derricks  are  used  in  most  cases  to  load  the 
wagons.  Thus  the  height  of  the  wagon  is 
not  as  important  as  when  the  wagons  are 
loaded  by  hand.  Waste  materials  are 
dumped  onto  scows  to  be  hauled  out  to  sea, 
and  building  materials  are  dumped  through 
chutes  into  the  cellars.  In  handling  gar- 
bage, ashes  and  refuse,  end  dump  wagons 
are  used  as  these  materials  are  carried 
from  the  city  by  scows. 

These  conditions  have  given  to  the  city 
of  New  York  and  vicinity  an  entirely  new 
system  of  doing  excavation  work,  both 
earth  and  rock,  and  of  hauling  sand,  gravel, 
broken  stone  and  other  materials.  The 
Senderling  Manufacturing  Co.,  knowing 
these  conditions,  have  designed  wagons  to 
suit  them.  They  have  eliminated  most  of 
the  hard  axle  wagons  by  mounting  their 
dumpers  wholly  on  springs  and  making 
them  very  compact  and  easy  to  i-perate.  In 
addition  to  eliminating  the  excessive  noise 
and  clatter  of  the  hard  axle  wagon  on  the 
city  pavements,  the  springs  have  ilso  pre- 
vented the  spilling  of  part  of  the  load  on 
the    streets. 

This  company  manufactures  three  dis- 
tinct classes  of  wagons,  and  under  ea  "h  of 
these  classes  there  are  several  styles  and 
sizes.  The  Standard  Contractor's  Dun  per 
is  meant  for  contractor's  use  in  e.xcavaiion 
and  hauling.  These,  as  originally  built  with 
hard  axles,  had  a  carrying  capacity  of  only 
1%  cu.  yds.,  but  the  newer  wagons  with 
springs  have  a  capacity  of  3  cu.  yds.  The 
1%  cu.  yd.  size  weighs  about  2,100  lbs., 
the  2  cu.  yd.  size  weighs  2.750,  while  the 
3  cu.  yd.  size  weighs  3,400  lbs.  These 
wagons  are  made  with  wide  wagon  beds 
so  as  to  reduce  the  height.  Their  dump- 
ing angle  is  very  acute,  thus  clearing  the 
load  quickly.  The  sills  on  which  the  bed 
rests  are  so  shaped  that  the  body,  in  dump- 
ing, rocks  on  these  sills,  which  supports 
tlie  body,  until  the  box  is  near  the  ground, 
causing  the  body  to  strike  the  ground  very 
lightly,  thus  preventing  the  wagon  from 
being  rocked. 

The  company  also  builds  a  brick  truck 
for  hauling  brick  and  other  materials. 
These  trucks  are  made  for  both  one  and 
two  horse  teams  and  also  of  light  and 
heavy  construction.  The  two  horse  wagons 
are  made  with  capacities  of  from  1  to  6  cu. 


yds.  The  light  two  horse  wagon  weighs 
"2,960  lbs.,  while  the  heavy  one  weighs  3,600 
lbs.  The  light  wagons  will  take  a  load  of 
l.-JOO  bricks,  and  is  meant  to  be  used  on 
soft  roads. 

The  third  class  of  wagons  made  by  this 
company  is  the  steel  body  dumper,  which 
is  made  up  to  12  cu.  yds.  capacity.  These 
wagons  are  automatic  in  both  dumping 
and  in  the  return  of  the  body  to  its  seat 
after  discharging  its  load,  by  simply  start- 
ing the  team  ahead.  The  bodies  are  rust- 
less, and  many  of  them  are  made  with 
covers  to  them.  The  rear  end  is  shaped  so 
it  will  dump  its  load  easily. 

The  Western  Wheeled  Scraper  Co.,  of 
.\urora.  111.,  manufactures  two  styles  of 
end  dump  wagons.  The  bodies  of  both 
styles  are  made  of  wood.  One  is  a  four 
wheeled  wagon,  while  the  second  one  has 
three  wheels.  The  one  with  four  wheels 
has  the  bed  held  in  position  by  a  hook  at 
the  front  end,  which  is  under  full  control 
of  the  driver's  foot.  It  is  also  provided 
with  an  automatic  end  gate,  held  firmly  in 
position  when  being  loaded,  and  raised  au- 
tomatically when  the  body  is  dumped.  The 
front  wheels  turn  under  the  body,  the 
wagon  having  a  very  short  wheel  base. 
This  wagon  is  made  in  two  sizes,  namely 
1  and  1%  cu.  yds.  When  it  is  desired  to 
spread  the  load  directly  from  the  wagon, 
it  can  be  equipped  with  a  device  by  means 
of  which  the  opening  for  discharge  is  regu- 
lated. This  wagon  is  an  excellent  substi- 
tute for  the  ordinary  two  wheeled  dump 
cart. 

The  three  wheeled  wagon  is  much  like  a 
dump  cart,  but  is  lower,  which  makes  it 
easy  to  load.  The  third  wheel  also  takes 
the  dead  load  off  of  the  horse's  back  and 
neck.  This  wagon  is  of  very  simple  con- 
struction. It  is  dumped  and  righted  ex- 
actly like  a  dump  cart.  It  weighs  1.-550 
lbs. 

The  Haywood  Wagon  Co.,  of  Baldwins- 
ville.  N.  Y.,  makes  several  styles  of  end 
dump  wagons.  These  all  have  steel  wagon 
bodies  and  are  designed  for  hauling  wet 
garbage,  sewage  and  similar  refuse.  Two 
of  these  wagons  have  covers  on  them,  and 
tlieir  rear  ends  are  shaped  to  such  an  angle 
as  to  dump  the  load  when  the  wagon  is 
tilted.  The  third  wagon  has  a  tail  gate 
that  is  worked  automatically  when  the 
wagon  is  dumped.  These  wagons  have 
capacities  varying  from  1  to  5  tons. 

The  -Shadbolt  Manufacturing  Co.,  68  to 
78  Flushing  avenue,  Brooklyn.  N.  Y.,  also 
manufactures  end  dump  wagons  for  general 
contracting  and  municipal  purposes.  This 
company  makes  a  number  of  different 
styles  of  wagons,  each  designed  for  some 
special  work,  yet  they  are  all  built  of  wood 
throughout  and  somewhat  upon  the  same 
general  lines  and  principles.  These  wagons 
are  all  equipped  with  heavy  springs.  The 
body  and  frame  upon  which  the  body 
rests,  are  so  built  as  to  distribute  the  load 
over  both   front  and  rear  axles,  yet  are  so 


balanced  over  the  rear  axle  as  to  dump 
easily.  The  sill  is  rounded  off  at  the  rear 
end  so  that  the  body  rocks  on  it  when 
dumping. 

Attached  to  the  front  end  of  the  body 
is  a  chain  which  passes  through  the  top 
blocking  and  gear  under  the  front  axle. 
This  chain  passing  under  the  axle  in  a 
measure  takes  off  the  strain  or  jar  caused 
by  dumping  the  body,  the  front  springs 
acting  as  a  cushion ;  the  body  is  thus  pre- 
vented from  striking  the  ground  at  the 
rear  end.  This  is  said  to  admit  of  the  body 
being  drawn  from  under  a  load  which  is 
partially  on  the  ground  without  tearing 
away  the  body  or  straining  the  horses. 
The  chain  can  be  lengthened  or  shortened 
at  will,  thereby  determining  the  angle  of 
the  body  when  tilted  which  will  need  to 
vary  to  suit  different  conditions. 

Some  of  these  wagons  have  a  tail  gate 
hinged  by  a  link  hinge  at  the  top,  thus  al- 
lowing the  load  to  open  the  gate  as  it  is 
dumped.  Some  of  these  wagons  are 
equipped  with  a  lever  attachment  to  pre- 
vent the  body  from  falling  back  in  case  the 
load  should  stick  in  the  front  end  of  body, 
thereby  giving  the  wagon  a  tendency  to 
right  itself  before  the  entire  load  is  dis- 
charged. 

These  wagons  are  built  to  haul  all  kinds 
of  materials  and  dump  them,  even  lumber 
and  lathes.  They  vary  in  capacity  from  1 
to  5  tons. 

The  American  Road  Machine  Co.,  of 
Kennett  Square,  Pa.,  are  the  makers  of 
the  Champion  distributing  cart,  which  is  an 
end  dump  wagon  designed  primarily  for 
spreading  on  a  macadam  road.  It  can  be 
arranged  to  spread  over  any  width  of  road 
desired,  and  can  also  be  adjusted  to  spread 
thicker  on  one  side  than  the  other.  The 
tilting  of  the  wagon  is  effected  by  means  of 
a  crank  and  gear  mechanism  in  connec- 
tion with  a  rack  and  pinion.  The  wagon 
can  be  firmly  held  in  any  position  from 
level  to  completely  dumped.  The  tail  board 
is  hinged  at  its  upper  edge,  allowing  the 
lower  edge  to  swing  out.  Steel  wings  are 
attached  to  either  side  of  the  cart,  at  the 
tail  board,  for  the  purpose  of  spreading 
the  stone  to  the  entire  width  of  the  track 
of  wheels.  The  stone,  as  it  escapes  from 
the  wagon,  is  leveled  by  means  of  a  steel 
scraper  attached  to  the  bottom  of  tail 
board.  The  scraper  is  pivoted  in  the  cen- 
ter and  is  adjustable  at  either  end  by  means 
of  a  horizontal  lever  on  back  of  tail  board. 
This  cart  is  made  in  two  sizes ;  the  smaller 
size  holds  1%  cu.  yds.,  and  the  larger  2  cu. 
yds. 

Geo.  H.  Holzbog  &  Bro.,  .of  Jefferson- 
ville,  Ind.,  manufacture  two  styles  of  end 
dump  wagons.  The  first  one  is  a  ■  large 
square  box  that  dumps  at  the  end.  This 
wagon,  designed  for  ash  and  garbage  col- 
lection, is  of  large  capacity.  The  second 
one  is  an  all  steel  body,  rounded  on  the 
bottom  and  dumps  out  of  the  end  by  being 
turned    over.     The   body   is    really   a   tank. 
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low.  the 
hciKlH   <••  'he  lop   ir..:..   1  IwinB   * 

ft    ri   111.      llowrvcr   ih.  ^  U  ad- 

jii.i.l    t..   any    aiiRlo.   and   this    height   can 
W  nil  .li.wn  to  3  ft.  when  the  lank  i«  ad 
U.M..1   to   a    sliRl't    angle.     The   wa'.jon    i« 
»l,,,ri   ...     ■  '   1.  easily   diimiicd  by  il< 

l,.,t<it.  1  ••'••'■f  '>^i"K  ""  <■^^ain^ 

ti.i.l  ..»  lii.-c  l.jkc  iK-en  found  objection- 
atilc  i  11  ;i..o.iiit  of  strctchinK  The  waijin 
has  lii's  on  it  The  weight  of  the  riRiilar 
four  wheeled  vehicle  is  i.-li'"  lbs.,  and  the 
capacity  of  its  tank  is  t»  en.  ft.  .^  larger 
si/e  wai;.  n  is  also  made  to  hold  80  en.  ft. 
of  material. 

The  BrigRs   Labur  Saving  Specialt>   Co.. 
of   Waterloo.    Iowa,   makes   an   end    dnnip 
wagon.    This  wagt-n  is  meant  to  handle  all 
kinds  of  material  that  will  diimn  by  grav- 
ity.   The  frame  that  holds  the  body  is  made 
of   channel    irons       The    wagon      can      be 
dumped    and    righted    without    the    driver 
leaving  his  seat,  and  can  be  arranged  so  as 
to  dump   the   entire  load   in   one   place   or 
else    to    distribute    and    spread    the    load. 
The  tail  gate  is  hinged  at  the  top.  on  a  long 
strap   hinge,  and   when   the   gate   is   to   be 
opened  wide  chains  on  the  bottom  of  it  are 
fastened  to  the  ends  of  the  channels     This 
holds  the   tail  gate  high  enongh   from  the 
wagon  body  to  prevent  the  load  from  strik- 
ing it.  and  allows  of  rocks  beirg  dumped, 
which    arc    as    large   in    diameter      as      the 
height  of  the  sides  of  the  wagon.     This  is 
often   a  consideration  in  excavation  work 
When    the   wagnn    is   used   to   distribute 
its  load,  tbe  tail  fjate  is  not  held  up  in  this 
manner      The  wagon  is  short  coupled,  the 
wheel   base   being   only   about  5    ft.     These 
wagons  are  made  in  six  sizes,  varying  from 
IH  to  .'•  cu.  yds.     The  four  standard  sizes 
are   IH,  2,  2H  and  3  cu.   yds.   and   weigh 
respectively    2.3<>fi,    2,60«,    2.8.50    and    3.000 
lbs       The    ordinary    pole    furnished    with 
these  wagons  is  loose,  but  a  stiff  pole  can 
be    furnished    if    desired.      These    wagons 
vary  in  height  from  4  ft.  10  ins.  to  6  ft. 

The  Hill  Cart  and  Wagon  Co..  of  Jer- 
sey City.  N.  J  .  also  makes  an  end  dump 
wagon  Their  wagon  is  of  the  same  gen- 
eral design  as  their  dump  cart.  It  has  an 
all  steel  body,  without  a  tail  gate,  with  the 
rear  end  shaped  to  such  an  angle  as  to 
dis.-lvirge  the  load  when  the  wagon  is 
(In  :.  .!  This  company's  carts  and  wagons 
li:o.  !>ten  used  extensively  in  New  York 
city 

In  the  concluding  article  on  dump  wagons 
we  will  comment  on  special  dnmp  wagons, 
and  on   the  use  of  dnmp  wagons   for   va 
rioin  purposes. 

(To  be   concluded.^ 


The  owners  of  grain  godowns  and  ware- 
houses in  Calcutta  arc  cnirpdled  by  muni- 
cipal regulation  in  Calcutta  to  pave  with 
concrete  to  prevent  the  ingress  of  rats, 
which,  it  is  believc<l.  will  aid  materially 
in  the  extermination  of  this  .ictive  dis- 
tributer of   the  plague   germ 


Two     Recotds    of    Costs    in    Drilling 
Rock  with  Electric  Air   Drills. 
.\    description    of    the     I 
electric  drill  was  published  m 
CoNTKACTiNt;  for  May  27.  1!H>^      Ihis  drill 
is    operated   by    air    furiiished   to   it   by   a 
pulsator  operated  by  electricity.     The   ma- 
chine   is    manufactured    by    the    Ingersoll- 
Rand   Co.,  of   New   York. 

Where  electricity  can  be  had  lor  opirat 
ing  the  pulsator.  and  the  drill  is  not  r<flr>l 
for  continuous   work  such  a  style  <•• 
has  special  advantages,  as  it  is  not 
sary  to  keep  up  power  during   the   whole 
day  as  must  be  done  when  the  drill  is  op- 
erated  by  either   air  or   steam      The   pul- 
sator is  portable,  thus  allowing  both  it  and 
the  ilriU  to  be  moved  c.isily   from  place  to 
place. 

The  Brier  Hill  Colleries  of  Crawford. 
Tcnn  ,  have  been  using  one  of  these  drills, 
a  5  D,  in  their  mines  for  about  18  months 
for  drilling  holes  in  the  roofs  of  several 
entries.  The  rock  varies  from  slate  to 
sandstone  and  conslonurate  rock,  and  Mr. 
E.  B.  Taylor,  general  manager  of  the 
mines,  who  has  kindly  furnished  us  with 
the  information  regarding  this  drill,  states 
that  the  drilling  was  done  through  the 
hardest  roof  he  had  ever  encountered  in 
30  years'  mining  experience. 

A  5  D  drill  is  equivalent  to  an  IngcrsoU- 
Scr:;cant  3V4-in.  drill,  and  has  a  stroke  of 
a  little  more  than  8  ins.  It  will  drill  a  10- 
ft  vertical  hole  from  1%  to  2%  ins  in 
diameter.  It  has  a  .5%-HP.  motor  Such 
a  drill  is  intended  for  the  heaviest  work 
in  large  tunnel  headings,  open  cut  work 
in  quarries'  or  railro.nd  grading,  or  in  shaft 
sinking,  or  mining. 

During  H!  months"  work  with  this  drill, 
holes  were  drilled  in  the  roof  of  the  main 
entry  of  one  mine,  a  distance  of  fiOO  lin. 
ft.,  in  driving  three  entries  of  another 
mine,  a  distance  of  250  ft.  in  a  new  haul- 
way.  200  ft.  in  the  2d  left  entry,  and  2T.". 
ft.  in  the  3d  left  entry. 

These  three  entries  were  driven  simul- 
taneously, the  <lrill  being  moved  from  one 
entry  to  another  as  it  was  needed  Only 
one  hole  was  drilled  in  the  roof  of  each 
of  these  entries  each  day.  the  averaee 
depth  of  a  hole  being  7  ft.  It  took  the  drill 
runner  and  a  help<r  from  20  to  30  mins 
to  unload  the  drill  from  a  car  and  scl  ii 
up.  while  the  hole  was  drilled  in  about  2i> 
mins  .\bout  a  half  day  was  consunufl 
in  drilling  the  three  holes  and  making  tl-e 
necessary  moves,  more  than  three-<iuarlers 
of  the  time  being  taken  up  in  moving  and 
setting  up  the  drill. 

With  wages  for  the  drill  runner  at  $3.10 
for  a  9-hour  day  and  $2  for  the  helper, 
this  gives  a  lalior  cost  of  18  cts  per  lin.  ft. 
of   drilling.     Upon   •  "^**' 

drilled  7  holes  in  a  ■  " 

ing  42   ft.  (5   ins.,   wliicii    ■"!;  'be 

cost  of  13  cts.  per  lin    ft    Mr  <tt* 

that,  during  the  10  months  this  work  was 
going  on.  outside  of  sharpening  the  steel 
hits,  not  one  cent  was  spent  in  repairs  or 


for  mainciinirs  the  drill — a  rather  un- 
usual  ' 

The  Cement  Co.,  of 

Superior,  Ohio,  have  three  5  C  sire  of 
these  drills  at  work  in  their  limestone 
r|uarries.  We  are  indebted  to  Mr.  J.  B. 
I   ■  .if   the    company,    for    the 

I  It   of    work   done  by   these 

drilU. 

The    vein    of    limestone    nvemges    about 
8  ft.  in  thickness.     To  bl  ■•<■■- 

-lone,  holes  l»  ft.  deep  am!  'n- 

'or  arc  drilled.  Each  drill  puts  down,  on 
an  average.  17  of  these  holes  per  day. 
Thus  three  drills  do  306  lin  ft.  of  drilling 
per  day.  There  is  blasted  out  on  an  aver- 
age of  500  tons  of  limestone  per  day. 
equivalent  to  22ft  cu.  yds  This  gives  an 
average  of  1  4  lin.  ft.  of  drilling  r-'r  '"''bic 
yard    of   rock   blasted,   place  '>t 

With  wages  for  the  drill  ri::  :  '  V) 

per  day.  and  helper  at  $2  per  day.  this 
gives  a  cost  for  labor  for  drilling  of  5.4 
cts.  per  lin.  ft.,  and  7.5  cts.  per  cti.  yd.  of 
rock  blasted,  wlich  is  a  very  low  cost,  ac- 
counted for,  however,  by  the  rapid  drilling 
done  by  this  machine. 

.\nother  factor  that  enters  into  the  rapid 
work  done  by  one  of  these  drills  is  its 
tremendous  back-pull  or  stroke,  making  the 
drill  work  itself  loose  in  a  bad  hole  and 
preventing  it  becoming  "stuck-"  Even 
when  the  steel  binds,  there  is  a  pidl  and 
push  op  the  piston,  at  full  power,  for  every 
revolution  of  the  pulsator:  and  this  works 
it  loose  almost  instantly.  Mr.  John  states 
that  the  wear  and  tear  on  these  drills  has 
been  very  light. 

The  method  of  moving  the  pulsator  and 
dynamo  in  the  quarry  was  very  simple. 
These  two  arc  mounted  on  a  common  bed 
which  h.is  two  sets  of  wheels  under  it.  .\ 
cheap  wooden  frame  for  a  track  was  made 
in  sections,  for  the  truck  to  run  on.  Only 
a  few  of  these  sections  were  needed  and 
they  were  light,  inexpensive  and  easily 
handled.  Small  steel  rails  can  also  be 
made  up  in  sections  and  used  in  the  same 
manner,  and  naturally  they  will  give  better 
service,  as  well  as  allow  of  a  lietter  joint 
being  made  between  the  sections.  When 
a  good  hard  liottom  occurs  in  the  mine  or 
quaro'.  the  pulsator  and  motor  c.in  be 
moved  from  place  to  place  without  any 
track,  the  wheels  running  directly  on  the 
rock  On  tracks  it  can  be  carried  over 
rouv  '   or  muck  piles  with  the  aid 

of  1  t.nckle. 

For  other  records  of 
drills  and  tl  c  cost  of  n 
ENCiNrniivc-CoNTit.vmsc,    Uec     5»,    1SW8. 
p.  3f>'2.  and  r>.       "    i'>o*    -    n-^ 

The  New  York  Central  Lines  h.nc 
place<I  an  t.nlrr  f.>r  im.i^VI  tons  of  steel 
rails 

The  London  Statist  gives  the  world's 
production   o:  "   as   the   I.- 

in  history,  r.r  ■  .;ainst  $\i*'\ 

000  in  1007  and  $;«»i,iini>.<>t«'  in  lOiHi. 
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Roads  and  Streets  Section 


Note :  This  Section  is  devoted  to  methods  and  costs  of  road  and  street  con- 
struction. It  will  cover  road  building  in  all  its  details,  the  construction  of 
pavements,  sidewalks  and  gutters,  the  testing  and  use  of  paving  materials  and 
the  machinery  and  tools  used  in  road  building  and  paving. 


Mountain  Road  Construction  in  Cali- 
fornia With  a  Steam  Shovel. 

The  State  roads  now  owned  by  Cali- 
fornia and  under  the  control  of  the  State 
Department  of  Engineering  all  traverse  the 
mountainous  districts.  No  valley  roads  or 
macadam  highways  are  under  State  super- 
vision. The  policy  of  the  State  has  been 
to    construct    and    maintain    roads    through 


turn  one  may  look  below  1,500  ft.  into  a 
deep  gorge  with  solid  walls  and  no  outlet. 
After  reaching  the  river  by  a  series  of 
switchbacks,  the  road  enters  the  gorge  of 
the  Kings  River  and  then  continues  up 
stream  for  twelve  miles  to  the  floor  of  the 
canyon.  The  whole  route  is  through  a 
hard,  rough  country  where  no  trails  exist ; 
a  country   few  persons  have  seen  or  trav- 
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View    Showing    Steam    Shovel    at   Work    in    Rock  on    Kings  Canyon    Roads. 


territory  where  construction  is  expensive, 
and  the  counties  through  which  they  run 
are  too  poor  to  properly  care  for  a  road. 
Following  out  this  policy,  the  State  has 
constructed  and  has  under  construction  a 
number  of  scenic  highways,  which  open 
heretofore  almost  inaccessible  parts  of  the 
state.  Among  the  roads  now  under  con- 
struction is  the  King's  River  Canyon  Road, 
which  will  give  access  to  the  floor  of  the 
King's  River  country.  This  road  will  be 
one  of  the  most  important  scenic  highways 
of  the  State,  and  its  construction  is  an 
extremely  difficult  piece  of  engineering 
work.  The  road  begins  at  the  end  of  the 
General  Grant  National  Park,  in  Fresno 
County,  California — a  spot  noted  for  its 
))ig  sequoias — and  extends  easterly  with  a 
grade  nowhere  exceeding  6  per  cent, 
through  a  timbered  country,  until  it 
merges  into  the  open  at  Indian  Point, 
where  one  may  see  the  grand  Tehipite 
canyon.  From  Indian  Point  to  Windy 
Cliff's,  magnificent  cliffs,  waterfalls  and 
rough  mountain  scenery  are  on  all  sides. 
In  places  along  this  stretch  of  road,  it  is 
necessary  to  build  this  road  out  of  solid 
granite,  witli  cliffs  L-IOO  ft.  above  and  1,000 
ft.  below.  Beyond  this  section,  and  be- 
tween Redwood  Creek  and  the  South  fork 
of  the  Kings  River,  the  road  at  one  point 
suddenly  emerges  from  the  live  oak  timber 
on  a  ridge  where  it  switches  l)ack.     At  this 


eled  through.  The  road  is  being  con- 
structed witli  a  l'-!-ft.  roadway,  with  turn- 
outs   at    all    points    and    inside    curves    to 


mountain    roads    of    the    state    have    earth 
beds. 

Surveys    for   the   first   20.1    miles   of   the 
Kings  Canyon  Road  were  made  in  1906  at 
a  cost  of  $3,341.72,  or  $167  per  mile.     Sur- 
veys   for    the    remainder    of    the    distance 
were  begun  Aug.  17,   1907,   and  completed 
Nov.  17,  1907,  at  a  total  cost  of  $2,691.22, 
or  $211  per  mile.     This  12%  miles  of  road 
passes    through    the    roughest    part    of   the 
canyon    and    the    surveys    were    conducted 
under  great  difficulties.     Construction  work 
was    started    in    1907    at     the    north    gate 
entrance    of    the    General    Grant    National 
Park  and  continued   for  a  distance  of  1.6 
miles,  the  cost  per  mile  being  $4,040.   Work 
was   resumed   on   May  26,   1908,   and   con- 
tinued until  Oct.  28,  1908,  when,  on  account 
of  winter  weather  and  the  inability  to  hold 
men  in  that  high  altitude  late  in  the  year, 
work    was    discontinued.      The    work    was 
continued    by    hand    until    about    Aug.    20, 
when  a  31-ton  steam  traction  shovel,  made 
by  the  Ohio   Steam   Shovel   Co..   and   two 
small    2%-in.    Burleigh    drills    were    placed 
on  the  work.     The  capacity   of   the  shovel 
bucket  was  1%  cu.  yds.,  and  in  earth,  under 
a   test,   five   throws   or   swings   per   minute 
were   made.      The    shovel    furnished   steam 
to   run   the    drills,    and    handled    all    rocks, 
earth,    stumps,    brush    and    trees    up    to    18 
ins.  in  diameter.     In  fact  it  practically  ac- 
complislied  with  a  crew  of  eight  men  what 
•jO   liand  laborers   liad   done  before   on   the 
same    class    of    work.      While    the    steam 
shovel   was   going  over  a   section   of   road, 
two    men    followed    leveling    the    roadway, 
after    which    the    cartli    bed    was    finished. 
.Although    the    shovel    was    in    use    but   one 
month    before    the   work   closed    down    for 
the   winter,   it   was   demonstrated   that   this 
was  the  quickest  and  cheapest  way  of  con- 
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View    Showing    Maximum    Grade     on     Kings    Canyon     Road, 


allow  for  the  passage  of  teams.  These 
turnouts  are  usually  100  ft.  long  and  18 
ft.  wide.  Wherever  the  road  traverses  a 
steep,  solid  blufif  the  outer  edge  is  to  be 
protected   with  a  parapet  wall.     .Ml  of  the 


structing  the  mountain  roads  of  California. 
Regarding  this  the  last  annual  report  of 
the  State  Engineer  states: 

"It  cuts  the  cost  of  hand  work  by  oO  per 
cent   in   moving  the  class  of  materials   en- 
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couriicrrd  on  thoc  road>,  .icii|  .!■ 
tu  llie  width  and  aliKnmcnt.     A  !•  I 

ranh  must  be  cut  out  to  pcrniii  ui  the 
nhovrl  travrlinK  in.  while  a  ^harp  spiir  or 
ridge,  which  ordinarily  was  encircled.  i» 
now  cut  through  with  a  Kreat  deal  less 
co^i.  Large  trees,  stumps  and  brush  are 
cast  over  the  waste  edge  of  the  road  with 
facility,  so  that  the  cost  of  Krubbing  the 
road  is  minimized.  From  the  <liorl  i>per;i- 
tion  of  this  shovel  it  is  plainly  seen  and 
proven  that  the  mountain  roails  of  (.ali- 
fornia  can  Ik-  built  at  much  less  ci>st  than 
originally  figured,  if  the  traction  steam 
■.hovel  is  used." 

During  1908  X'l  miles  of  road  were 
linished  at  a  total  cost  of  $13,103,  or  an 
average  cost  of  $3,7.'>0  per  mile.  The  aver 
age  cost  per  mile  for  road  constructed  by 
lianil  labor  was  $•-».:«<•:  the  average  cost 
per  mile  for  road  constructed  by  steam 
shovel  was  $1,300.  It  shoubl  be  added 
that  the  steam  shovel  handled  the  hardest 
part  of  the  work.  The  comparative  costs 
of  hand  work  and  steam  shovel  work  in 
earth  excavation  were  as  follows:  Hand 
work.  $0,V.  per  cu  yd.;  steam  shovel  work. 
$0.08  per  cu.  yd 

The  State  highways  of  California  are 
constructed  under  the  general  direction  of 
the  State  Engineer,  and  we  arc  indcbtcil  10 
Mr  Nathaniel  Ellcry.  State  Engineer,  for 
the  information  from  which  tbi~  arlicfc  was 
prepared 


Economic  Hints  for  Macadam    Road 
Contractors. 

(Conlinucil    friiin   March  31    issue.  I 

H'J  Most  of  the  grading  for  roads  in- 
volves very  light  cuts  and  fills.  Hence  the 
number  of  square  yards  of  surface  trim- 
ming per  cubic  yard  of  earth  is  very  bigh. 
and  the  cost  is  correspondingly  high  per 
cubic  yard.  Railroad  contractors  are  very 
apt  to  overlook  this  point  when  under- 
taking road  building  for  the  first  time.  A 
roarlway  3fi  ft.  wide,  from  out  to  out  of 
ditches,  has  il.OOO  sq.  yds  of  surface  per 
mile  If  the  total  excavation  is  3.0OO  cu 
yds.  per  mile,  we  have  7  sq.  yds.  of  trim- 
ming per  cu  yd  of  excavation.  .Accord- 
ing to  the  writer's  expcricnrc.  a  gang  of 
men  under  a  fairly  good  foreman  will  trim 
a  hard  earth  surface  to  a  depth  of  about 
I  Ml  ins.,  using  mattocks,  at  the  rale  of  20 
sf).  yds.  per  man  per  hour,  which  costs  % 
ct.  per  sq  yds  when  wages  are  L")  cts.  per 
hr  Hence  7  X  %  is  .1  cts.  per  cu.  yd 
(rlistrihuted  over  the  3.000  cu  yds)  for 
trimming  alone  Wliere  the  soil  is  a  sandy 
loam  this  hand  trimming  costs  half  as 
much. 

lai  Never  use  picks  for  such  hand 
trimming,    but    use    mattocks.      .\    mattock 

•>  nfT  much  more  material  every  blow. 

:u4  .Mways  use  a  road  machine  or  a 
r\  cling  scraper  wherever  possible  for  lev- 
tling  siibgrades  I'sing  a  two-horse  ma- 
chine like  the  20ih  Century  Grader  an<l  'be 
little  Yankee  Ro.id  I.eveler.  described  in 
Mint    No.   52.   the   writer   has   had   a   light 


i-rijwili  ot  weeds  and  grass  iriiniiK'd  '>li 
the  4-ft.  shoulder  of  a  road  at  the  rate  of 
2n,(NK)  sq  yds  per  luliour  day.  using  two 
men  and  two  horses,  at  a  cost  of  one-for- 
tieth of  a  cent  per  square  yard.  A  large 
4-horse  road  machine  will  readily  level 
biose  plowed  earth  at  the  rate  of  25.000  sq. 
yds.   per   day. 

Iii.'i.  Since  most  road  specifications  pro- 
hibit any  vegetable  matter  in  embankments, 
it  is  not  unusual  to  see  a  gang  of  men 
ploughing  up  the  sikI  and  earth  to  a  depth 
of  (i  or  8  ins.  and  carting  it  awa>  to  be 
wasted  alongside  the  embankment.  This 
is  an  economic  blunder.  The  sod  can  be 
removed  to  a  depth  of  1V4  ins.  with  a  mat- 
tock or  with  the  blade  of  a  road  machine 
or  of  a  levcler.  In  this  manner  very  little 
earth   is   wasted. 

liir>.  Road  embankments  arc  seldom 
high.  Therefore  it  is  well  to  plant  long 
poles  in  the  ground  at  each  "slope  stake." 
making  the  top  <  f  the  pole  exactly  level 
with  the  top  of  the  proposed  suligrade.  Bv 
sighting  along  the  tops  of  these  poles  it  is 
easy  to  see  whether  the  embankment  h.is 
been  built  to  the  desired  height.  Teamsters 
nuist  be  cautioned  about  •  not  knocking 
down  these  poles.  The  poles  also  serve  to 
protect  the  slope  stakes  and  prevent  their 
being  disturbed. 

107.  Every  slope  stake  (the  stake  driv- 
en at  each  toe  of  the  proposed  embank- 
ment at  each  "station")  should  be  marked 
•n  its  front  face  (the  face  toward  the 
road)  with  the  fill  to  made  above  the  level 
of  the  ground  at  the  stake.  F  4.3  means 
that  the  fill  is  to  be  4.3  ft.  above  the  ground 
level  at  the  stake.  (In  similar  manner,  C 
4.3  means  that  a  cut  of  4.3  ft.  is  to  be 
made.)  On  the  back  of  the  slope  stake 
should  be  marked  the  number  of  the  "sta- 
tion." This  point  is  often  neglected  by  the 
ro.id  engineers.  In  which  case,  get  some 
red  "kiel"  (a  greasy  red  chalk)  and  mark 
the  proper  station  number  on  every  slope 
stake.  Then  when  a  slope  stake  is  knocked 
out  and  dragged  for  some  distance,  its 
proper  location  can  be  ascertained. 

108  The  foreman  should  ciiler  in  a 
private  note  book,  the  cut  or  fill  at  every 
center  stake,  and  at  every  slope  stake, 
thus : 


Left 


St:. 


Center. 

I.  'i  ■> 


Rivht 

V  i  1 


Then  II  -.laKis  an  kiioiKi.i  .mi  .ind  iosi. 
he  can  replace  them  approximately  him- 
self. Moreover  these  notes  can  be  used 
by  the  contractor  in  checking  up  the  yard- 
age moved. 

lOf).  It  is  slated  in  many  books  that  em- 
bankments settle  10  to  15  per  cent  after 
they  have  been  built.  This  is  entirely 
wrong,  and  il  is  especially  erroneous  as  re- 
gards roail  enibaiikmrnts.  Even  where 
the  emliankmcnls  are  not  rolled  in  layers, 
the  settlement  after  construction  is  seldom 
as  much  as  2  per  cent  ( %  inch  per  foot 
of  height),   for  the  horse*  hoofs  and  the 


1  i<j  .i  per  <.eiit  wiicrc  II  liai  iiwl  ItcKU  rolled 
in   layers. 

1 10.  Rolling  in  layers  is  <^>ftrn  specified 
It  may  cost  anything  between  Vk  ct.  and  4 
cts.  per  cu.  yd.,  depending  on  the  exaaions 
of  the  inspector  and  the  character  of  the 
earth.  Sprinkling  is  usually  specified 
where  rolling  is  specified.  As  much  as  5 
en.  ft.  of  water  per  cu.  yd  "f  'nr*'-  mny 
lie  required.     Refer  to  Hin; 

for  costs  of  sprinkling  ma>.-:> 
ling  earth  embankments  may  be  estimated 
from  the  data  pre%'iously  given.  It  will 
not  ordinarily  exceed  2  cts.  per  cu.  >d.  See 
Gillette  and  Hauer's  "Earth  Excavation 
and  Embankments— Methods  and  Cost" 
(now  in  preparation). 

111.  One  of  the  commonest  causes  of 
high  costs  of  grading  roads  it  the  rehan- 
dling  of  earth.  Sometimes  this  can  not  be 
very  well  avoided.  L'sually  it  can.  The 
macadam  is  usually  laid  in  a  shallow  trench 
(6  ins.  deep  x  16  ft.  wide>.  and  this  is 
generally  dug  by  hand,  although  in  many 
instances  it  could  be  more  economically 
dug  with  a  plow  and  road  machine,  throw- 
ing a  winrow  of  loose  earth  to  one  side, 
which  b  then  shoveled  into  wagons.  But 
a  common  practice  is  to  loosen  this  trench 
material  and  shovel  it  into  small  piles 
which  are  afterward  shoveled  into  a 
wagon,  thus  causing  one  unnecessary  han- 
dling. It  is  the  writer's  experience  that, 
for  short  hauls,  a  one-horse  cart  is  prefer- 
able to  a  two-horse  wagon  for  hauling  this 
material  dug  from  the  "trench."  There  is 
necessarily  a  great  deal  of  lost  team  time 
on  this  class  of  work,  due  to  the  fact  that 
only  a  few  men  can  be  worked  to  advan- 
tage shoveling  direct  from  the  "trench" 
into  the  cart  or  wagon.  The  amount  of  the 
lost  horse  time  is  cut  exactly  in  two  by 
using  a  one  horse  cart,  and  the  driver 
loses  no  time  at  all,  as  he  leaves  the  empty 
cart  to  be  loaded  while  he  drives  the  loaded 
cart  to  the  dump.  To  illustrate:  If  4  men 
are  loading  a  cart  from  the  "trench."  they 
will  spend,  say.  8  mins.  loading  1  cu.  yd. 
If  the  same  number  of  men  are  loading  .t 
wagon,  they  will  spend  IB  mins.  loading  '2 
cu.  yds.  If  the  time  of  a  horse  is  worth 
%  ct.  per  min,.  the  lost  horse  time  amounts 
to  2  cts.  per  01.  yd.  on  the  one-horse  can. 
and  4  cts.  per  cu.  yd.  on  the  two-horse 
wagon.  In  addition  to  this,  it  is  seldom 
that  the  driver  himself  will  do  any  shovel- 
ing, so  that  if  he.  too.  is  idle  in  loading  a 
two-horse  wagon,  his  lost  time  amounts  to 

2  cts.  more  per  cu  yd.,  making  a  total 
■  >f  •>  cts.  per  cu.  yds.  for  lost  team  aiid 
driver  time  wherever  it  is  possible  to  work 
cnly  4  shovelers  to  advantage  in  loading 
The  skimming  nature  of  the  excavation  of 
the  "trench."  makes  il  uneconomic  to 
crowd  man>  arouml  a  wagon,  for  some  of 
them  will  necessarily  have  to  cast  the 
earth  a  considerable  distance,  and  thus 
greatly  reduce  their  daily  output.  Of 
course    where    the    excavation    is    heavier. 
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two-horse  dump  wagons  should  be  used 
in  preference  to  carts,  particularly  on  long 
hauls. 

112.  Do  not  excavate  the  "trench"  far 
in  advance  of  the  macadam,  for  it  will  be 
cut  up  by  travel  over  it  and  may  require 
retrimming  and  leveling. 

113.  Reserve  any  "sandpapering"  of 
slopes  and  ditches  until  the  road  is  en- 
tirely finished.  Then  put  a  good  sized 
gang  under  a  good  foreman  at  work  trim- 
ming up  for  final  acceptance.  Heavy  rains 
will  frequently  cut  the  side  slopes  badly, 
necessitating  retrimming  unless  this  work 
is   reserved  till  the  last. 

114.  There  is  a  vast  difference  in  the 
skill  of  different  men  operating  a  road  ma- 
chine. Some  leave  a  road  snbgrade  "like 
the  waves  of  the  sea."  Others  cut  to  a 
grade  that  is  almost  perfect.  When  you 
find  a  good  operator,  pay  him  well  and 
keep  him.  It  is  poor  policy  to  have  a 
mediocre  man  on  any  machine  whose  out- 
put should  be  large  and  at  the  same  time 
of  good  quality.  This  is  especially  true  of 
a  road  machine,  for  irregularities  in  the 
snbgrade  cause  a  less  of  payment  for 
much  stone,  if  the  triacadam  must  be  built 
to  a  prescribed  grade  line. 

11-").  Pave  all  cobble  gutters  as  soon 
after  grading  them  as  possible,  so  as  to 
prevent  washouts  from  rains.  For  the 
same  reason,  promptly  sod  all  slopes  that 
are   to   be   sodded. 

Data  on  Depreciation  and  Repairs  of 
Steam  Road  Rollers. 

Steam  road  rollers  were  first  built  in 
England  about  l.'fiS,  and  it  is  to  England 
that  we  naturally  look  for  the  most  com- 
plete records  of  the  cost  of  repairs  and  the 
life  of  these  machines. 

The  Eaiglish  author.  Thomas  Aitken, 
has  kept  careful  records  for  a  period  of 
more  than  20  years,  and  his  data  are  espe- 
cially valuable  not  only  to  English  but  to 
.American  road  builders. 

Aitken  gives  the  following  table  of  first 
cost    of   English    rollers ; 

l-l-ton    roller,   single   cylinder $2,300 

r2-ton    roller,   single   cylinder ••  2.000 

10-ton  roller,  single  cylinder 1,875 

Aitkin  puts  the  life  of  a  roller  at  not 
less  than  2.5  years.  He  estimates  8,000  tons 
of  stone  consolidated  by  a  1.5-ton  roller 
each  year. 

Aitkin  gives  the  following  cost  of  re- 
pairs on  a  l.")-tnn  roller,  which  he  regards 
as  typical. 

"Up  to  the  fourteenth  year  the  repairs 
were  comparatively  trifling,  with  the  ex- 
ception of  a  pair  of  new  driving  wheels  and 
repairing  the  fire  box  and  tubes,  etc.  These 
latter,  and  including  sundry  repairs, 
amounted,  on  an  average,  to  $5.5  per  an- 
num. It  was  then  found  necessary  to  have 
a  new  fire  box  and  general  overhaul  of  all 
the  working  parts.  This  cost  $8.50,  and  the 
engine  should,  it  is  anticipated,  be  capable, 
with  ordinary  repairs,  to  run  for  a  period 
equal  to  a  life  2.t  years  at  least." 


.\itkin  puts  the  total  cost  of  renewals 
and  repairs  of  a  $2,300  roller  at  $105  a 
year  during  a  life  of  25  years,  which  is 
nearly  5  per  cent  of  the  first  cost  each  year. 
To  this  must  be  added  a  percentage  to 
cover  depreciation,  that  is  to  provide  a 
sinking  fund  sufficient  to  buy  a  new  roller 
at  the  end  of  25  years.  If  such  a  sinking 
fund  draws  3  per  cent  compound  interest, 
it  requires  that  about  2.75  per  cent  of  the 
first  cost  of  the  roller  be  set  aside  annually 
to  amount  to  the  full  first  cost  of  the  roller 
in  25  years.  This  2.75  per  cent  depreciation 
fund  allowance  if  added  to  the  5  per  cent 
for  repairs  and  renewals,  gives  a  total  of 
nearly  8  per  cent  per  annum. 

.■\itkin  says  that  this  is  equivalent  to  83 
cts.  per  working  day.  Since  8  per  cent  of 
$2,300  is  $184,  if  we  divide  the  $184  by 
$0.83,  we  find  that  Aitken  apparently  fig- 
ures on  221  working  days  in  the  year, 
which  is  almost  double  the  number  of  days 
commonly  worked  by  a  roller  in  the  north- 
ern part  of  the  United  States.  (See  Engi- 
neering-Contracting, May  23,  1906,  July 
3,  1907  (p.  7),  June  10,  1908  (p.  3-58)  for 
data  as  to  the  number  of  days  worked  in 
Massachusetts,  and  the  cost  of  roller  re- 
pairs.) Aitkin  says  that  his  estimate  re- 
lates to  a  roller  used  in  macadam  repair 
work,  "practically  in  steam  all  the  year, 
except  when  under  repairs  or  stopped  by 
frost  during  winter  months." 

There  is  a  seeming  discrepancy  in  his 
figures,  for  he  rates  a  15- ton  roller  as  cap- 
able of  compacting  at  least  64  tons  of  ma- 
cadam per  day  of  9  hours,  if  not  inter- 
fered with  by  traffic.  Elsewhere  he  esti- 
mates the  "useful  effect  of  one  roller  at 
8.000  tons  of  macadam  per  annum,"  from 
which  it  would  appear  that  less  than  150 
full  days  would  be  worked,  or  that  delays 
due  to  traffic  would  cause  a  serious  loss  of 
time. 

The  writer's  experience  is  that  75  tons 
of  macadam  can  be  compacted  per  10-hour 
day.  and  that  a  contractor  can  usually 
count  on  about  100  to  110  days  actual 
work,  which  gives  a  total  of  some  8,000 
tons  (including  screenings)  compacted  each 
season  by  a  10-ton  roller. 

Regarding  the  repairing  of  the  driving 
wheels,   Aitken  says : 

"The  renewal  of  the  driving  and  front 
wheels,  especially  the  former,  is  an  ex- 
pensive item,  and  what  was  considered  at 
one  time  impracticable  can  now  be  carried 
nut,  that  is,  plating  the  worn  out  runs. 
This  results  in  considerable  saving,  and 
the  wear  of  the  metal  forming  the  rims  is 
considerably  less  than  in  the  original 
wheels.  It  should  be  stated,  however,  that 
the  wheels  for  renewal  of  rims  should  not 
be  worn  too  thin,  as,  in  such  cases,  the 
renewal  is  not  so  satisfactory.  The  process 
is  to  fit  steel  plates  on  the  old  rims  and 
rivet  the  two  together,  and,  apart  from  a 
few  of  these  becoming  loose,  which  can  be 
remedied  by  counter-sunk  bolts,  the  ar- 
rangement is  in  every  way  successful.  The 
gripe  or  'bite'  of  these   steel   plated  wheels 


is  as  gocd  as  that  of  the  original  cast-iron 
ones,  and  the  wear  is  much  more  uniform." 

Aitken  goes  on  to  state  that  the  wear  of 
these  steel  plated  rims  is  0.02  in.  for  every 
1,000  tons  of  macadam  consolidated,  and 
that  the  cost  of  repairing  the  driving 
wheels  by  this  method  is  $200  as  against 
$250  for  a  complete  set  of  new  wheels, 
and  that  "experience  shows  that  the  life  of 
these  renewed  with  steel  plates  is  nearly 
doubled." 

There  seems  to  be  enough  merit  in  this 
method  of  repairing  the  driving  wheels  to 
warrant  the  manufacturer's  making  them 
with  removable  steel  plate  rims  in  the  first 
place.  If  the  plates  were  of  manganese 
steel  the  life  would  probably  be  three  to 
four  times  as  long  as  when  made  of  ordi- 
nary steel. 

Aitken  states  the  cast  iron  driving  wheels 
of  a  15-ton  roller  lasted  7  years,  during 
which  time  they  consolidated  60.000  tons  of 
macadam. 


The  Work  of  the  New   Orleans   Mu- 
nicipal Asphalt  Plant  in  1Q07-08. 

In  our  issue  of  February  5,  1908,  we  de- 
scribed the  municipal  asphalt  repair  plant 
of  New  Orleans,  and  gave  a  resume  of  its 
first  year's  work.  The  second  year  of 
service  of  the  plant  closed  on  -\ug.  31, 
1908,  and  a  report  covering  its  operations 
during  this  period  has  been  prepared  by 
\'V.    J.    Hardee,    city    engineer. 

During  the  past  year  the  total  cost  of 
work  done  by  the  municipal  repair  plant 
was   as   follows : 

Repairs   of  asphalt  pavements.  ..  .$27,545.50 

New    asphalt    pavements 14,409.33 

Other  kinds   of   new  pavements..  23,445.84 
Miscellaneous   improvements    ....   74.398.91 


Total     $139,799.67 

It  will  be  noted  that  only  about  20  per 
cent  of  the  above  total  was  expended  for 
the  repair  of  asphalt  pavements,  for  which 
purpose  the  plant  was  primarily  estab- 
lished. The  total  number  of  square  yards 
of  asphalt  pavement  maintained  during  the 
year  was  3.53.114.  the  gross  cost,  including 
special  charges  and  general  charges,  being 
$27,.54o.59,  or  an  average  of  7.8  cts.  per  sq. 
yd.  The  average  cost  during  the  previous 
year  was  11.44  cts.  per  sq.  yd.,  the  differ- 
ence being  due  to  the  fact  that  when  the 
repair  plant  was  first  put  in  operation  the 
asphalt  pavements  had  been  very  seriously 
neglected  for  a  number  of  years  and  the 
first   repairs   were  necessarily  expensive. 

The  repair  work  consisted  of  the  con- 
struction of  2,640  sq.  yds.  of  naphtha  coat 
and  24,081  sq.  yds.  of  asphalt  wearing  sur- 
face, the  cost  per  square  yard  of  wearing 
surface  being  as   follows 

Per 
Total.     Sq.  Yd. 

Materials     ■■ $8,831         $0,367 

Lalior    6.778  0.281 

Proportion  special  charges.   3,153  0.131 

Proportion   general   charges  8.784  0.364 

Total     $27,546        $1,143 


April  7.   1909. 
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It  should  be  noted  that  no  allowance  ha« 

'     for  interest  on  c.ipital  invested, 

lowance  been  ni;i<lc  i<.<T  ilcprecia- 

11  plant.     In   the   •  'ort 

ist   of  the  plant   ii.  'K-nt 

>  n  as  $70,i^.     Additions  to  the  plant 

..un   $4,201    were    made    in    the    second 

year.   bringinK   the   total     investment     for 

'     •    and   equipment   up     to     $74,844.      It 
I    further   l)c   noted    that    the   asi)halt 
l:ji41  cost  only  $10  per  ton  delivered. 

The  new  asphalt  pavement  work  con 
sisicd  in  the  construction  of  7,"».50  sq.  yds. 
of  pavement,  the  work  including  14.580  en. 
ft.  of  concrete.  7,550  sq.  yds.  naphtha  coat 
and  7.,Virt  sq.  yds.  2  in.  wearinp;  surface. 
The  Rrnss  cost  of  this  was  $14.l"tO  or  about 
$1.!>0  per  sq.  yd. 

The  other  new  pavement  work  consisted 
in  the  construction  of  vitrified  brick  and 
iip-avcl  roadways,  the  total  cost  of  the 
work  being  $23,44584.  The  largest  item 
of  work  was  for  miscellaneous  improve- 
ments, these  ronsisting  of  gravclinR  roads, 
ructint;  oyster  shell  pavement,  grad- 
tr  The  total  cost  of  these  miscel- 
emcnts  was  $74,308.  Each 
1  by  the  municipal  repair 
plant  was  charged  with  the  actual  amount 
of  materials  and  labor  employed  and  in 
nddition  there  were  fixed  expenses  subdivid- 
ed into  special  charges  and  general  charges 
which  were  charged  to  the  work.  The  spe- 
cial rliarijcs  which  were  proportionally  ap- 
poniniKil  to  the  cost  of  repair  of  asphalt 
pavements  and  to  the  cost  of  new  pave- 
ments included  labor  unloading  materials 
at  plant :  labor  turning  out  asphalt  wearing 
surface  mixture,  hire  of  extra  teams,  etc 
The  total  cost  of  these  charges  was  $6,- 
178. 

The  general  charges  were  proportionally 
d  to  the  cost  of  repair  of  asphalt 
-.  to  the  cost  of  new  asphalt  pave- 
ments, other  new  pavements  and  to  mis- 
cellaneous improvements.  The  net  amount 
of  the  general  charges  was  $44,58().  the 
principal  items  being:  Salaries  of  annual 
employes,  $20,501 ;  labor  at  plant  and  hire 
of  extra  teams,  $2,705:  live  stock  feed  $4,- 
5.3t>:  hire  of  extra  teams,  $0.0.30:  hauling 
and  handling  old  materials.  $5,740.  The 
mimicipal  plant  forces  worked  every  day 
throughout  the  entire  year,  excepting  Sun- 
days, non-working  holidays  and  days  when 
it  rained.  The  output  of  the  plant  was 
8<),<VV|  cu.  ft.  of  wearing  surface  mixture, 
which  was  employed  in  new  pavements 
and  repair  of  old  pavements.  The  crusher 
operated  in  connection  with  the  asphalt 
plant  crushed  7.R3-I  cu.  yds.  of  old  stone  at 
an  average  cost  for  labor  and  electricity  of 
51.4  cts.  per  cu.  yd.  The  stone  was  fur- 
nished free  of  charge.  The  cost  per  cubic 
yard  in  the  previous  year  was  46.66  cts. 
Including  feed,  hostler  and  stable  boy's 
wages,  velerinary's  salary,  shoeing,  medi- 
cine, etc.,  it  cost  an  average  of  76  cts.  per 
head  per  day  to  feed  and  care  for  the  live- 
stock, as  against  64.0  cts.  for  the  year 
endinu  .\w   ni.  lon7. 


The    following   table   shows   the   amount  and  furnish  earth  to  In.ld  it  in  place,  exce;>t 

and  cost  of  some  of  the  materials  and  sup-  in   one   instance    where   a   cut    and   fill   of 

plies    usetl    in    connection    with    the    plant  about   4   ft.   was  made.     The  grading   wu 

from  Sept    1,  1007  to  Aug.  31.  1908.  estimated  at  $50  per  milr      •  '         •     'nit 

that  on  the  average.     Si'  er 

I   .•   '  ..1    on   the   cars   at                            1  he 

.\-pliaIt,   424   ton^                                  ^   --'"-'  '^'e  cost  of  hauling  r                   .id  was 

Fluxing  oil,  7(;.84.'.   lb-                               fiW  -'0  cts.  per  cu.  yd.  or  10  cl».  pci  cu.  yd.  per 

Naphtha.  3.015   gallon-                               -W  mile.     Two  yards   to  a   load   were  hauled. 

Lake  shore  sand.  1.702  cu,  yd 1.811  the  farmers  in  the  vicinity  doing  the  work. 

River   s.ind.    1,502  cu.  yds..                   2.478  Teamsters    were    required   to    help   fill   the 

Mineral  dust,  268  tons 1514  wagons,  though  laborers  were  furnished  at 

Cement,    043    bbis 1.052  the    cars    to    assist    them.      Spreading    the 

Coal,  384  tons 1.033  stone  on  the  road  cost  14  cts.  per  cu.  yd. 

Clav   gravel,   13,257  cu.  yds 24,406  The  road  was  drained  by  4-in   tile  on  each 

Pine   wood     36   cords 2»)4  side  of  the  road  where  tile  was  not  already 

0,ik   wood.  29  cords.                                 196  in.     This  cost  about  6  cts.  per  lin.  yd.     A 

Oats    1.56,053  lbs 3,^30  roller  was  not  used  on  the  work,  action  of 

Hay.    60.2    tons 1.406  'he  teams   hauling  over  it   being  depended 

Lake   shells.  2..562  cu.   yds 3.578  "PO"   «o  pack  the  stone. 

Rrick  b.its.  865  cu.  yds 1.388  The  township  was  bonded  for  $»4.080  to 

furnish  money  for  the  improvement.  These 

_  .cwj  Tij/-i*»-  bonds   were  of   forty  equal   scries  of  $852 

Cost  of  Macadam  Road  Const.ucbon     ^^^^  ^^^^.^^  ^^^^  J  j'^^  ,.   ,^  „,^  g^,, 

in  Allen  County,  Indiana.  payable  May  15.  10^8,  and  one  each  suc- 
-Mlcn  county.  Indiana,  has  many  miles  cceding  November  15  and  Mav  15  until  all 
of  excellent  gravel  roads,  and  in  the  past  were  paid.  The  bonds  bore  interest  at  4H 
few  yMTS  has  also  constructed  a  consider-  per  cent  making  the  interest  $10.17  every 
able  number  of  macadam  roads.  The  larg-  sjjj  months  on  each  bond.  The  entire  issue 
est  improvement  of  this  kind  was  completed  ^as  sold  at  par.  To  meet  the  payment  of 
last  fall  in  Maumee  township.  The  con-  j^ese  bonds  a  tax  levy  of  48  cents  per  hun- 
struction  of  this  road  was  described  by  jrid  dollars  was  made  in  Maumee  town- 
Mr.  G.  E.  Martin  of  Lafayette,  Tnd..  in  a  s|,jp 

paper  read  before  the  Indiana  Engineering  jj^p   following  table  shows  a  resume  of 

Society,  and  the  following  matter  has  been  ,i,p  p^jj  ^3,3 . 

taken   from  his  paper:  ^^^.^^  ^^^^^  ^f  ^^^^^  ^^^  ,„;,^ ,3,^ 

Maumee  township  lies   on   the  east   side  ^^^^  ^^^  ^^  ^^   ^^  ^^^^^  ^^  ^^^^          5,  ,,, 

of  the  county  next  to  the  Ohio  line.     The  ^^^^  ^j  ^^^^,          ^^_    ^.^   ^^^  ^^^           ^ ,(, 

soil  is  a  kind  of  black  muck,  easily  cut  up.      ^^^^  ^^  spreading  pe^  cu    vd 0.14 

and  haulmg  over  the  dirt  road,  in  the  wet  ^^^^  ^^^  ^^,    ^.j  ^j  ^,^^^  r  ^j^^^            ,^ 

season  w-as   almost   •mposs.ble^    The  town  ^            ^^^j/  ^^^  ^.^^  ^.  .^^j^.^y      5^.7 

of   Woodbum   on   the   \>  abash   R.    R.    lies      ^^^^  ^^     ^^^.^^  per  sq.  vd 0.00 

almost  in  the  center  of  the  township,  and      r-    .     c  t:  ■  1    '1        a       '  ja  joii 

Cost  of  finished  roadwav  per  sq  .yd.0.48» 
the    roads   were    constructed   in    a    system 

leading  to  Woodburn,  which  is  the  market 
town  for  the  township.  The  recently  im- 
proved road  was  constructed  on  the  double 
track  system,  with  the  macadam  portion 
on  the  right  for  teams  going  toward  Wood- 
bum.  The  highway  was  40  ft.  wide,  with 
the  grade  26  ft.  wide  on  the  top,  the  ma- 
cadam portion  being  10  ft.  wide  from  the 
center  line  of  the  grade,  with  a  .^-ft.  bank 
to  hold  the  stone  in  place.  The  stone  was 
placed  10  ins.  deep  on  the  sides  and  12 
ins.  deep  in  the  center.  One  inch  of  screen- 
ings was  placed  on  top  of  this,  7  ft.  wide, 
as  a  lop  dressing.  Crusher-run  stone  was 
specified  to  be  used,  but  owing  to  its  ir- 
regular composition,  ruts  were  formed  in 
the  road.  Two  and  a  half  inch  stone  was 
then  used  for  the  lower  course  with  quar- 
ter inch  screenings  on  top.  The  stone  was 
furnished  by  the  Eric  Stone  Co.  and  came 
from  the  Huntington  quarries.  The  length 
of  the  system  of  roads  was  60,652  ft.  or 
11.487  miles. 

The  contr.ict  for  the  entire  improvement 
was   let   to   the   Erie    Stone   Co.,    for   $32,- 
792.50  or    $3,8.54.75    per  mile  or  $1  62  per 
lin.  yd.     The  only  grading  to  1 
to  smooth  the  road  off  to  rccen 


The  town  of  Woodbum.  a  place  of  about 
.300  inhabitants,  seized  this  opportunity  to 
improve  its  streets.  Two  streets  were  im- 
proved with  concrete  curb  and  gutter  .ind 
two  with  stone  alone.  The  improvement 
in  the  town  was  under  separate  contract 
wiih  the  Erie  Stone  Co.  The  average  cost 
oi  grading  was  15  cts.  per  cu.  yd.  Stone 
cost  $1.10  per  cu.  yd.  and  hauling  and 
spreading  40  cts.  per  eu.  yd.  The  actual 
cost  for  hauling  and  spreading  was  less 
than  25  cents  per  cu.  yd. 

Concrete  curb  and  gutter  were  construct- 
ed with  6-in.  curb  and  18-in.  gutter,  12  ins. 
deep,  for  55  cts.  per  lin.  ft.  Headers  of 
curbing  alone  v^  'lucted   for  35  cts. 

per    lin.    ft.      i  curb    and    gutter 

sewer  inlets  were  i  l.iccj  for  $7.50  e.ich.  and 
man  hole  covers  for  the  catch  basins  at 
$4.50  each.  The  catch  Uisins  were  built  by 
the  town.  Cement  sidewalk  w.rs  con- 
structed under  the  same  contract  for  12 
els.  per  «).  ft. 

A  bill  is  before  tin-   .New  Jersey  i.cgisin- 

iiire  authorizing  the  city  of  Newark  to  cx- 

<2.000.000  for  constructing  a  street  car 
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Water=works  and  Sewer  Section 


Note:  This  section  is  devoted  to  metiiods  and  costs  of  constructing  sewers 
and  water-works.  It  will  cover  the  construction  worI<  for  all  details  of  water 
supply  and  sewerage,  including  sewage  purification  and  water  filtration. 


Methods  and  Cost  of  Constructing  and 

Laying  Cement  Lined  Water  Pipe 

at  Plymouth,  Mass.,  and 

Portland,  Me. 

Two  general  metiiods  of  building 
wrought-iron  cement-lined  pipe  have  been 
used  in  this  country ;  the  first,  known  as 
the  Goodhue  &  Birnic  pipe,  the  second, 
known  as  the   Phipps  patent. 

The  Goodhue  &  Birnie  pipe  was  general- 
ly made  by  riveting  up  sheets  of  wrought 
iron,  single  riveted  with  cold  rivets,  with- 
out any  attempt  to  make  the  joints  water- 
tight, and  lining  this  wrought-iron  shell 
with  from  %  to  1-in.  of  neat  Rosendale  ce- 
ment, or  cement  mortar  mixed  1  part  of 
cement  to  1  part  of  sand.  This  work  was 
generally  done  in  a  central  plant,  or  at  dif- 
ferent points  along  the  pipe  line,  from 
which  the  pipe  was  carried  to  the  trench, 
there  imbedded  in  Rosendale  cement  mor- 
tar laid  along  the  bottom  of  the  trench,  and 
then  covered  over  the  sides  and  top  with  a 
%  to  1-in.  layer  or  casing  of  Rosendale 
cement  mortar  plastered  on  with  rubber 
gloves  or  trowel  in  the  hands  of  tlie  pipe 
maker.  The  trench  was  generally  back- 
filled immediately  or  shortly  after  laying 
the  pipe. 

The  pipes  were  made  in  lengths  of  9  ft.. 
and  the  joints  between  the  pipes  were  made 
l)y  means  of  a  sleeve  of  wrought  iron  with 
inner  and  outer  casing  of  cement,  or  by 
making  the  pipe  tapering  so  that  the  end  of 
one  pipe  was  fitted  into  the  end  of  the  next. 
In  the  larger  mains  the  joints  were  often 
plastered  on  the  inside  after  laying;  in  the 
smaller  ones,  this  was,  of  course,  not  at- 
tempted. 

The    Phipps    patent    pipe    was    generally 


'Extract  from  a  paper  by  Leonard  Metoalf. 
M.  Am.  Soc.  C.  E..  presenter!  to  the  New 
England  W'ater  Works  Association.  Dec.  9, 
190S. 


made  and  coated  without  as  well  as  within 
with  a  %  to  1-in.  layer  of  cement  or  ce- 
ment mortar,  the  outer  coating  being  held 
in  place  by  a  thin  sheet  of  wrought  iron 
which  subsequently  rusted  out  in  the 
trench.  This  outer  sheet  was  of  distinct 
advantage,  however,  as  a  protection  to  the 
outer  cement  coating  in  the  handling  and 
laying  of  the  pipe. 

In  a  few  cases  cast-iron  bells  and  spigots 
have  been  riveted  to  the  wrought-iron 
sheets  before  making  the  pipe,  and  the 
joints  have  then  been  made  in  the  ordinary 
manner  with  lead  tightly  calked  in  place  or 
by  the  use  of  cement  mortar. 

More  recently  under  the  Phipps  patent, 
a  type  of  cast-iron  ring  has  been  developed 
which  is  driven  home  in  each  end  of  the 
pipe, — one  of  the  rings  being  a  female  ring, 
the  other  a  male  ring — thus  more  rigidly 
holding  tlie  end  of  the  pipe  and  preventing 
injury  to  it  in  transportation  and  laying, 
and  incidentally  making  more  convenient 
the  placing  of  the  outer  cement  coating  of 
the  pipe,  which  is  made  of  grout  poured 
into  the  mold  between  the  inner  and  outer 
sheets,  with  the  pipe  standing  on  end.  The 
jofeit  between  pipes  is  made  finally  by  the 
use  of  a  sleeve  as  heretofore. 

So  far  as  the  writer  is  aware  no  cast- 
iron  joint  has  thus  far  been  developed 
which  has  proven  thoroughly  satisfactory 
and  advantageous  from  the  standpoint  of 
economy. 

It  is  perhaps  worthy  of  note  that  while 
blue  annealed  zvronglil-iron  sheets  imported 
from  England  were  used  in  many  of  the 
early  installations,  in  making  the  later 
ones  steel  has  been  substituted  at  some 
saving  in  cost,  though  not  in  durability. 

Plymouth,  Mass. — Plymouth  is  a  town  of 
about  11,000  inhabitants  and  has  had  a  wa- 
ter supply  since  1776.  Until  1855  the  water 
was  supplied  to  the  town  by  a  private  corn- 


pan)  and  the  pipes  used  were  wooden  logs 
with  holes  bored  in  them.  In  1855  the 
town  purchased  the  plant  from  the  com- 
pany, and  the  use  of  cement-lined  pipe 
dates   from   that   period. 

-\t  that  time  about  10.000  ft.  of  10-in. 
pipe  was  laid  and  several  thousand  feet  of 
8-in.,  6-in.  and  4-in.  pipe  were  laid  for  the 
ilistribution  system.  Practically  all  of  the 
pipe  laid  at  that  time  is   still  in  use. 

The  pipe  as  then  manufactured  consisted 
of  a  sheet-iron  shell  about  9  ft.  in  length, 
lined  on  the  inside  with  about  %-in.  of  ce- 
ment mortar,  composed  of  cement  and  sand 
in  proportions  of  1  to  1.  The  pipe  was 
then  laid  in  a  bed  of  cement  mortar  in  the 
trench,  ends  butted  together,  with  a  steel 
sleeve  or  collar  at  each  joint.  The  top  and 
sides  of  llie  pipe  were  then  covered  with 
two  or  more  inches  of  cement  mortar,  all 
of  the  same  proportions  as  used  for  the 
lining,  and  a  cement-mortar  joint  was 
made  at  each  joint  of  the  pipe. 

This  pipe  is  still  in  use  and  withstands 
a  varying  pressure  in  different  sections, 
from  a  few  pounds  to  about  50  lbs. 

In  1900,  somewhat  over  40  miles  of  pipe 
from  4  to  20  ins.  in  diameter  was  in  use. 
\i  this  time  a  change  in  the  method  of 
making  the  pipe  was  introduced,  and  for 
the  past  seven  years  all  extensions  have 
been  made  with  a  pipe  manufactured  in  the 
local  water-works  shop,  which  is  furnished 
with  mechanical  devices  and  power  ma- 
chinery necessary  for  economical  manufac- 
ture. 

The  following  description  will  make  the 
present  method  of  construction  clear.  The 
pipe  consists  of  a  shell,  a  jacket,  male  and 
female  rings,  and  sleeves.  The  shells  and 
jackets  are  of  soft  steel  and  are  received 
at  the  shop  in  flat  rectangular  sheets  of 
proper  size  and  gage.  For  the  shells  of  18- 
in.  pipe  about  30  tons  of  steel  sheets  of  No. 
13  gage  were  used,  at  a  cost  of  about  $50 
per  ton  for  the  sheets. 

The  gage  of  the  sheets  used  for  the  shells 
of  pipes  of  different  sizes  is  as  follows : 


24-in 12  gage 

IS-in 13  gage 

16-ln. 13  gage 

12-in 15  gage 


10-in 17  gage 

S-in IS  gage 

fi-in 19  gage 

4-in 20  gage 


The    jackets    are    all    No.    20    gage    iron. 


Date. 
1901.... 
1901.... 

1901 

1901.... 

1901 

1907.... 
1907.... 
1907.... 


Datr. 
1901.. 
1901.. 


1901. 
1904. 
1904. 
1905. 
1907. 
1907. 
1907. 


T. 

\BLE  I.- 

-COST  OF 

M.AKING 

CEMENT 

-I.IXED    PIPE    AT    PLYMOUTH 

MASS. 

Size, 

Lengtli. 

Cost 

ins. 

ft. 

Shell. 

Jacket. 

Sleeve. 

Rings. 

Rivets. 

I^ement.       Paint.        Labor. 

Total. 

per  ft. 

6 

5.282 

$650.94 

$326.90 

$42.25 

$154.17 

$25.98 

$356.30         $7 

14           $513.30 

$2,076.98 

$0,393 

4 

2,461 

186.20 

104.74 

12.37 

43.89 

12.29 

162.15           1.50            2S1 

25 

804.39 

0.326 

10 

5.097 

146.08 

407.43 

88.42 

255.17 

36.42 

551.55         10.67            885 

45 

3.381.29 

0.663 

r; 

2.007 

221.34 

100.71 

14.02 

58.18 

10.03 

135.41            2 

66             177 

09 

719.44 

0.358 

12 

9S1 

305.28 

182.40 

25.07 

55.12 

7.00 

121.26           2 

67            177 

OS 

S75.S8 

0.S93 

Ifi 

S.109 

3.722.80 

852.72 

337.50 

.363.35 

61.90 

.728.00          15 

00         1.954.42 

10.035.69 

1.24 

14 

2.183 

953  44 

199.40 

59.00 

318.60 

23.60 

384.68            5 

00             535 

72 

2.479.40 

1.13 

IS 

7.6SO 

3,751.60 

896.40 

298.80          1.460.Sn 

119.00 

.826.00          18.00         2,457.60 

10.828.20 

1.41 

'1 

ABLE   II 

—COST   OF  LAYING   CEMENT-LINED 

PIPE  AT 

PLY-MOUTH 

MASS. 

Branches 

Size 

.   T.engtli 

pate   and 

Miscellan- 

Cost. 

ins. 

ft. 

Labor. 

hydrant. 

Pipe. 

Cement 

eous. 

Total. 

pel-  ft. 

Remarks. 

12 

1.292 

$861.99 

$418.81 

$1,128.62 

$70.20 

$55.00 

$2,534.53 

$1.96 

Also   47    ft. 

6-in   pipe. 

10 

5,430    ■ 

2. 478. 28 

1.292.21 

3,583.47 

205.40 

173.48 

7.732.84 

1.43 

105    ft.    6- 

in..    77    ft. 

12-in..  4(1  ft.  S-in. 

12 

1.293 

458.40 

108.72 

1,153.76 

52.00 

54.22 

1,827.10 

1.41 

S 

3.007 

1,035.66 

275.67 

1,503.50 

91.20 

72.99 

2.979.02 

0.99 

« 

2.543 

1,134.97 

412.33 

933.28 

61. 8S 

37.55 

2.584.01 

1.02 

6 

4.550 

1.854.23 

491.38 

1.966.16 

96.00 

385.82 

4.793.59 

1.05 

Includes     4 

hydrants 

18 

6.545 

4.24S.S0 

232.00 

9.228.45 

440.60 

523.60 

14.673.45 

9  04 

and      changing      26 

14 

2.031 

552.52 

141.00 

2.295.03 

124.20 

86.00 

3.201.27 

1.56 

sei'vices. 

16 

8.891 

4.820.00 

1.411.12 

11.024.84 

420.00 

1.179.39 

IS. 855.35 

2.12 

April 


1909. 


ENGINEERING-CONTRACTING 


265 


TAHI.K  111      <<>8T  r>K  HI  ll.I>IN<;  •  ■'   '    '    '    ' 
;4-l\  \MlliCiiHT         lit"  IN 

IJNKli    SI'l-n.Y     fll'K     KIliiM 

2«-IN.    J-II'K  t>X    \VAI(1>8   llll.l 

CITY     oK    Hoirn^M».     IN     THK     VKaK 
l«.»-». 

ICIclil*  uf  way.  luiiil  tluinu|ff«.  t-Ir   .     ll.&'V.U 
Caat-irttn     plpr.     Hitt^-lal.     chuIIiiicm. 

\iii-    -     ■■  i.OJi.OS 

Wr. 

41: 


1  ««•    ■. 

MakInK 

1 .  •••  ■ 

Mnk 

plpr 

>  9 

"f 

lint 

• 

ft.  Ions: 

« •  15  nnd 

'10 

Innliln     rlnicii 

4<.0«8  1:: 

i3.^;o.>i> 

t  '■ 

■■IKliUlK    e4«.3l<l    ll>»  . 
.i(ir>roxltiiat*'ly,   ptT 

l::.$l  j.U 

Tol.. 

IK     II  2S 

.    iluy    lii- 

(1   Iutl.:'o; 

la  ml 
Hini 

31, HOT  1  1 

iVlii 

RoMi*ndul** 

JO.ISII  '.U 
•I.HS  'J' 

KnK 

ami    ml»- 
iimiunilns 

....■>,,,... •■■ly 

1 

tllllK^'*- 

J 

lo.itiss: 

iN-tlurt 

M3.9I3.9J 

N<-l 

H:'.334.7S 

Cort 

1:  36 

K<|ii 

per  root   for   year 
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The   opfratioii     .i    inakiiifr  the  pipe    is    as 
follow* : 

The  shells  arc  piincliL-il  in  a  puiicbing 
machinr  The  spacing  of  the  rivet  holes  is 
\-in.  c.  to  c.  the  edge  of  the  rivet  hole 
hcing  9i-in.  from  the  edge  of  the  sheet. 
The  sheets  are  then  put  into  the  rolls  and 
given  a  semi-circular  form,  as  two  sheets 
are  used  for  the  manufacture  of  one  shell 
for  the  18-in.  pipe.  After  being  rolled,  the 
-hells  are  riveted  by  hand,  using  Slii  rivets 
with  .1  -mill,  hammer,  on  a  stake,  so-call- 
ed, which  i*  simply  a  bar  of  iron  about  10 
ft.  long,  the  upper  surface  of  which  is 
curved  to  approximately  the  same  radius  as 
the  shell  of  the  pipe  which  is  to  be  riveted. 
The  jackets  are  punched,  rolled,  and  riv- 
eted in  precisely  the  same  manner  as  the 
shells  and  are  1*4  ins.  larger  in  diameter. 

The  rings  are  of  cast-iron,  a  male  ring 
for  one  end  of  the  shell  and  a  female  ring 
for  the  other,  the  female  ring  being  con- 
cave and  the  male  ring  convex,  thus  en- 
abling a  very  tight  joint  to  be  made  when 
the  pipe*  are  tilted  together  in  the  trench. 
.*\bout  iliirty  tens  of  these  rings  were  used 
in  the  nianiil'acliirc  of  16  and  18-in.  pipe 
during  the  past  year  and  the  cost  of  the 
rings  was  4  cts,  per  lb. 

The  t.ext  operation,  after  the  shells  are 
riveted,  is  the  fitting  in  of  the  rings,  and  as 
they  are  made  just  for  a  driving  fit  into  the 
shell  they  are  driven  in  by  use  of  the  maul. 
\(tcT  the  rings  arc  in  place  Ihc  shells  for 
the  Ii'in.,  IC-in.  and  14-in.  pipes  arc  lined 
by  hand,  and  the  smaller  sizes  of  shell  from 
12-in  to  -l-in.  are  lined  by  means  of  a  re 
vnlving  cone.  N'cat  Roscndalc  cement  i~ 
'•^■•(|  in  lining.  .About  3.000  bbls.  of  cemcni 
have  been  used  during  the  past  year  in  the 
manufacture  of  pipe,  and  the  cost  was  $1.2" 
per  bbl .  delivered  at  our  shop. 

When  the  shells  are  ready  to  be  lined 
by  hand  they  are  placed  horizontally  on  tw. 
horses  .-V  man  sinnds  at  each  end  of  tin- 
pipe  with   a   long-handled  pallet  knife,  so- 


called  to  spread  the  cement  smoothly  in 
the  pipe.  This  knife  is  simply  a  flat  blade 
alxiut  iVii  ins.  wide  and  4  ins.  in  length, 
with  a  handle  al>out  4  ft.  long  The  ce- 
ment for  lining  is  mixed  by  hand  in  mixing 
boxes,  and  there  are  two  men  to  mix  fur 
the  two  men  who  line.  As  the  pipe  lies  on 
the  horses  it  is  lined  for  its  whole  length 
and  half  way  up  each  side.  Then  the  ce- 
ment is  allowed  to  set,  after  which  the  pipe 
is  rolletl  over  and  the  remaining  half  lined 
.■\fter  the  cement  has  Ik-cu  smoothly  spread 
aboiii  Hill  thick,  on  the  inside  of  the 
pipe,  any  irregularities  which  appear  are 
correcteil  by  the  use  of  the  "nigger-head," 
which  is  a  stifT  brush  on  the  end  of  a  long 
haiulle.  This  brush  in  the  hands  of  a  skill- 
ful workman  can  bring  the  interior  of  the 
cement  pipes  to  a  very  smooth  surface. 

.\t  this  point  it  may  be  well  to  describe 
the  operation  of  lining  the  smaller  sizes  of 
pipe.  The  shells  having  been  punched, 
rolled,  and  riveted,  and  rings  put  in  in  pre- 
cisely the  same  manner  as  previously  de- 
scribed, arc  stood  upright  on  an  elevator 
which  descends  into  a  pit.  In  this  pit  is 
the  cone,  so-called,  which  has  an  external 
diameter  equal  ti>  the  internal  diameter  of 
the  shell  when  lined— in  other  words,  about 
an  inch  snialler  in  diameter  than  the  shell. 
— placed  and  held  directly  over  it  on  the 
elevator.  The  cone  revolves  on  a  vertical 
axis  and  cement  mixed  by  machinery  is  put 
in  at  the  top  of  the  shell  as  it  stands  on 
the  elevator  over  the  cone.  The  top  of  the 
cone,  extending  for  a  few  inches  into  the 
liiittoni  of  the  shell,  holds  the  cement  from 
falling  through  into  the  pit.  The  elevator 
holding  the  shell  is  then  lowered  and  the 
cone  revolving  at  the  same  time  spreads 
the  cement  smoothly  and  uniformly  on  the 
inside  of  the  shell. 

The  next  operation  is  tilling  and  grouting 
I  he    pipe.      The    shells   arc   stood    on    end 
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around  the  edge  of  a  platform  which  is 
about  ti  ft.  above  the  floor.  A  clamp  is 
placed  around  the  bottom  of  the  shell  about 
I''  ins.  from  the  lower  end,  and  the  jacket 
lowered  from  above  fits  into  the  clamp 
at  ihe  lK)llom  The  jacket  is  kept  symmet- 
rical with  the  shell  at  llie  bottom  by  means 
of  this  clamp,  and  at  the  top  by  means  of 
four  wedges.  The  grout  is  merely  a  mix- 
ture of  neat  cement  and  water,  mixed  to 
such  a  consistency  that  it  will  pour  read- 
ily, and  is  mixed  by  machinery  in  a  cylin- 
drical mixer  which  has  four  paddles.  Aft- 
er being  thoroughly  mixed,  the  grout  is 
poured  into  a  metal  bucket  which  is  sus- 
pended by  a  chain  with  a  wheel  and  is  car- 
ried on  a  track  around  the  platform.  The 
grout  is  poured  from  the  bucket  between 
the  shell  and  jacket  of  the  pipe  that  has 
been  stood  around  the  edge  of  the  plat- 
form. .\ftcr  the  grout  has  been  poured, 
the  pipes  are  allowed  to  set  twelve  hours. 
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when  the  cement  is  usually  hard  enough 
to  permit  of  handling  them.  The  pipes  are 
then  loaded  upon  a  truck,  taken  to  the 
yard,  cleaned,  and  painted  with  a  coal-tar 
paint.  After  staying  in  the  yard  about  two 
weeks  they  are  sufficiently  hard  to  permit 
of  being  loaded  upon  a  wagon  and  carted 
to  the  trench. 

Tables  Nos.  I  and  II  show  respectively 
the  cost  of  making  and  laying  the  largest 
cement-lined  pipes  which  have  been  made 
at  Plymouth.  Town  labor,  only,  is  used, 
and  $2  is  the  wage  paid  for  a  working  day 
of  eight  hours,  for  each  laborer.  The  fore- 
man receives  $.3. 

The  pipe-making  gang  numbers  about,  16 
men,  but  only  4  are  kept  on  the  regular 
gang  and  the  others  are  hired  as  they  are 
needed. 

Portland,  Me.— In  the  years  1808-9  the 
Portland  Water  Co.  laid  a  20-in.  wrought- 
iron  cement-lined  supply  main,  about  15.2 
miles  long,  from  Sebago  Lake  to  the  city 
of  Portland.  Data  as  to  the  cost  of  this 
main  are  unfortunately  lacking. 

In  the  years  1875-9,  however,  a  second 
wrought-iron  cement-lined  supply  main  was 
laid  from  the  lake  to  the  city.  The  upper 
portion  of  this,  approxiamtely  3%  miles  in 
length,  was  26  ins.  in  diameter;  the  lower 
portion,  approximately  11.4  miles  in  length, 
24  ins.  diameter.  The  actual  cost  of  this 
compound  main  was  fortunately  developed 
from  the  books  of  the  company  and  is 
given  in  Tables  III  and  IV,  as  some  of  the 
unit  costs  to  be  derived  therefrom  are  in- 
teresting and  valuable. 

It  should  be  stated  that  the  static  pres- 
sures upon  this  supply  main  are  approxi- 
mately as  follows : 

4      miles,  under       0 —  40  lbs.  per  sq.  in. 

2.7  miles,  under    40—  60  lbs.  per  sq.  in. 

4.9  miles,  under    60—  80  lbs,  per  sq.  in. 

2.3  miles,  under     80—100  lbs.  per  sq.  in. 

0.9  miles,  under  100—120  lbs.  per  sq.  in. 

The  main  is  stated  to  have  been  built 
witli  a  factor  of  safety  of  approximately 
."!,  but  the  computation  of  the  factor  of 
safety  under  several  assumed  heads  indi- 
cates that  the  actual  factor  of  safety  is 
probably  not  in  excess  of  1.5  at  the  points 
of  maximum  pressure,  assuming  always 
static  pressures,  and  ignoring  alike  the  de- 
crease in  pressure  due  to  friction  and  the 
increase  in  pressure  due  to  water  hammer 
or  other  causes. 

The  cost  of  this  20-in.  pipe  line  was  ex- 
cessive, owing  to  deep  cut  work,  a  con- 
siderable amount  of  which  was  in  quick- 
sand. 

Mr,  Allen  Hazen,  who  was  one  of  the 
engineers  retained  by  the  Water  District 
in  the  valuation  of  the  Portland  water- 
works, made  the  interesting  analysis  of 
these  items  of  cost  given  in  Table  V. 


Railway  Section 


Note:  This  section  is  devoted  to  methods  and  costs  of  constructing  rail= 
ways.  It  will  cover  road=bed  and  track  construction,  contractor's  plant  and 
organization,  surveying  methods  and  permanent  way  structures. 


On  March  2,  shovel  No.  220,  working  in 
the  Empire  Construction  District,  Central 
Division  of  the  Isthmian  Canal,  removed 
3,941  cu.  yds.  of  rock  and  earth  in  a  work- 
ing day    of   eight   hours. 


Report  of  H.  P.  Gillette  to  the  Wash- 
ington Railroad  Commission  on 
the  Valuation  of  the  Rail- 
ways in  Washington.* 

Before  explaining  the  methods  pursued 
in  making  the  appraisal,  it  is  as  well  to 
record  the  fact  that  the  State  of  Washing- 
ton is  the  first  state  in  the  Union  to  com- 
plete the  valuation  of  its  railways  for  the 
express  purpose  of  using  these  values  as  a 
basis  for  rate  making.  Only  one  other 
State  Railway  Commission  takes  priority 
over  the  Washington  Railroad  Commission 
in  point  of  time  of  completing  a  valuation 
of  the  railways  within  the  state,  namely, 
the  Texas  Railway  Commission ;  but  it 
should  be  remembered  that  the  object  of 
the  valuation  of  the  railways  of  Texas  was 
not  for  the  purpose  of  rate  making,  but 
for  the  purpose  of  limiting  the  issues  of 
stocks  and  bonds — that  is,  to  prevent  "stock 
watering" — which  presents  quite  a  different 
problem  from  that  presented  to  the  Wash- 
ington Railroad  Commission.  Vastly  greater 
interests  are  at  stake  when  railway  values 
are  to  be  used  merely  to  limit  the  issue  of 
stocks  and  bonds  of  railways  chartered 
within  the  state.  Hence,  both  the  scope  of 
my  investigation  of  railway  values,  and  the 
methods  used  were  radically  different  and 
necessarily  much  more  complex  than  pre- 
vailed in  the  Texas  appraisal.  For  ex- 
ample, in  the  following  out  of  the  require- 
ments of  the  Washington  statute,  you  felt 
impelled  to  secure  all  the  data  enumerated 
by  the  Supreme  Court  of  the  United  States 
in  the  celebrated  Nebraska  rate  case  known 
as  the  Smythe  v.  Ames  case.  The  Supreme 
Court  held  in  its  decision  of  that  case  that 
a  rate-making  body  must  consider,  among 
other  things : 

First.     The  original   cost  of  tlie  railway, 
plus  improvements  and  betterments. 
Second,     Its  cost  of  reproduction  new. 
Third.     Its  present  value,  ascertained  by 
deducting   its   depreciation    from  its   value 
new. 

Prior  to  this  Washington  railway  ap- 
praisal, no  Railway  Commission  in  America 
had  ever  attempted  to  comply  with  the  de- 
cision of  the  Supreme  Court  in  the  Ne- 
braska case,  and  I  believe  that  all  the  fail- 
ures on  the  part  of  other  Railway  Commis- 
sions in  their  rate-making  efforts  may  be 
traced  directly  to  their  fundamental  failure 
to  follow  the  Nebraska  rate  case  decision. 
Flat  rate  making  has  proven  abortive,  be- 
cause of  attempts  to  make  rates  without 
full  knowledge  of  all  the  factors  which  the 


•In  subsequent  issues  of  Engineerins- 
Contracting  the  detailed  values  of  the  rail- 
ways   will    be    published. 


Supreme  Court  has  held  to  be  necessary  in 
forming  an  intelligent  judgment;  and  prom- 
inent among  these  factors  are  the  original 
cost,  the  cost  of  reproduction,  and  the 
present  value. 

Two  other  states  besides  Texas  have 
made  railway  appraisals,  namely  Michigan 
and  Wisconsin;  but  in  neither  of  these  in- 
stances was  the  appraisal  made  by  a  rail- 
road commission.  Both  the  Michigan  and 
Wisconsin  appraisals  were  made  for  the 
purposes  of  taxation,  and  were  not  gov- 
erned.by  the  Nebraska  rate  case  decision. 

The  State  of  Washington  is  the  first 
state  to  secure  the  original  cost  of  the  rail- 
ways within  its  boundaries  and  is,  there- 
fore, the  first  state  to  investigate  the  ac- 
counting records  of  the  railways  with  the 
object  of  ascertaining  the  actual  original 
cost  and  the  cost  of  improvements  and 
betterments. 

I  mention  this  fact  not  merely  for  the 
purpose  of  putting  on  record  the  priority 
which  the  Washington  Railroad  Commis- 
sion can  justly  claim  in  following  the  law 
as  laid  down  by  the  Supreme  Court,  but 
for  the  purpose  of  making  clear  the  mag- 
nitude of  the  task  confronting  the  couunis- 
sion  and  its  engineers  and  experts. 

Speaking  for  myself,  I  found  the  prece- 
dents established  by  Texas,  Michigan  and 
Wisconsin  of  little  value,  either  in  deciding 
the  methods  to  be  pursued  in  making  the 
appraisals  or  in  estimating  the  probable 
cost  of  the  appraisal.  I  ascertained  that 
the  State  of  Wisconsin  had  spent  about 
$11  per  mile  of  railway  for  making,  the 
appraisal  and  the  railways  themselves  had 
spent  an  equal  sum,  making  a  total  of 
about  $22  per  mile  for  the  joint  work  done 
by  the  state  and  by  the  railways,  for  they 
both  worked  together  in  making  the  ap- 
praisals. When  I  started  the  appraisal  of 
the  railways  of  Washington  I  believed  that 
the  appraisal  would  cost  far  less  than  $11 
per  mile,  and  I  am  glad  to  say  that  the 
cost  has  actually  been  not  more  than  $13 
a  mile,  although  I  regret  that  it  was  even 
as  much  as  that,  I  had  no  precedent  to 
guide  me  in  estimating  the  cost  of  going 
through  the  accounting  records  of  the  rail- 
w-ays,  and  I  underestimated  the  time  and 
labor  involved  in  that  undertaking.  Rail- 
way accounting  records  nearly  40  years  old 
had  to  be  discovered  and  analyzed,  I  say 
"discovered,"  for  the  railways  themselves 
did  not  know  tlie  nature  of  these  early 
records,  even  if  they  knew  of  their  very 
existence,  which  in  many  cases  they  did 
not. 

.At  this  point  it  may  be  well  to  explain 
that  these  early  records  are  far  from  being 
wnrtlilcss,  as  many  persons  have  assumed. 
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lor  the  subsequent  improvements  and  brt- 
icrmenti  can  be  adilcd  to  these  urii;inal 
and  thus  bring  the  total  cash  cxpen- 
^  down  to  date.  This  total  cash  ex- 
.  lire  is  a  wonderful  aid  to  the  en- 
I  in  estimating  the  cost  01  reproduc- 
tion. To  illustrate  by  an  example,  take  the 
actual  cost  of  the  item  of  "Engineering"  on 
the  Northern  Pacific  Railway.  Up  to  June 
3«,  1906,  it  has  amounted  to  $2,900,000  for 
the  State  of  Washington,  or  about  0  per 
cent  of  the  total  actual  cost  of  construc- 
tion and  betterments.  An  investigation  of 
this  seemingly  high  percentage  disclosed 
two  big  items,  one  being  about  $.'Iih),000 
for  the  exploration  surveys  in  the  Cascade 
mountains.  At  the  lime  these  surveys  were 
made,  no  maps  were  in  existence,  and  the 
railway  engineers  were  compelled  to  ex- 
plore the  entire  Cascade  Range  from  the 
Canadian  boundary  south  to  the  Columbia 
River.  To-day,  in  reproducing  the  N'orth- 
rn  Pacific  Railway,  no  such  elaborate  ex- 
I'loration  is  necessary,  and,  if  it  were  elim- 
inated, the  cost  of  engineering  would  be 
reduced  to  $2,600,000.  In  like  manner  cer- 
tain other  items  of  engineering  would  be 
reduced,  so  that  the  total  cost  of  engineer- 
ing should  not  exceed  $2,500,000,  which  is 
the  sum  that  I  used  in  estimating  the  item 
of  engineering  when  making  my  estimate 
of  the  cost  of  reproduction.  It  would  take 
several  hundred  pages  to  explain  my  anal- 
ysis of  the  original  costs,  and  my  dse  of 
the  data  thus  obtained  in  guiding  my  judg- 
ment as  to  a  proper  allowance  for  the  cost 
of  reproduction  of  each  item.  I  wish,  how- 
ever, to  say  had  I  not  secured  the  original 
costs  I  am  positive  that  my  costs  of  re- 
production would  be  nothing  better  than 
engineering  guesses  insofar  as  certain  items 
are  concerned.  For  example,  the  cost  of 
grading,  especially  through  rough  and 
mountainous  country  cannot  be  accurately 
.isccrtained  to-day  by  any  engineer  not 
possessed  of  the  original  records  showing 
the  quantities,  and  classification  of  excava- 
tion, or  of  the  actual  costs  of  doing  the 
grading  work.  It  is  true  that  in  the  entire 
.-ilisince  of  original  records  of  any  sort,  an 
riiKincer  can  go  into  the  field,  and  cross- 
section  the  existing  "cuts"  and  "fills,"  and 
make  an  estimate  of  yardage  of  the  differ- 
ent classes  of  excavation,  but  I  should 
never  do  this  except  as  the  very  last  resort, 
and  then  with  the  determination  of  adding 
a  very  large  percentage   for  contingencies. 

I  may  state  at  this  point  that  one  of  the 
most  potent  reasons  for  securing  the  orig- 
inal quantities  and  original  costs  is  to  elim- 
inate the  item  of  "contingencies"  entirely. 
It  sounds  little  enough  to  speak  of  10  per 
.  ont  added  for  "contingencies,"  but  it  would 
have  meant  adding  just  $.5,000,000  to  my 
■  stimate  of  the  Xorthcrn  Pacific  Railway 
.ilone. 

Reverting  liriefly  to  the  cost  of  apprais- 
ing the  railways  of  Washington,  attention 
should  be  called  to  the  lack  of  logic  in 
estimating  the  cost  of  such  appraisals  in 
terms  of  the  mile  as  the  unit.  The  Wis- 
consin appraisals  cost  $22  a  mile,  but  the 


Wisconsin  railways  have  an  appraised 
value  of  only  $30,000  a  mile ;  hence  the 
Wisconsin  appraisal  cost  70  cts.  per  $l,0<-iO 
appraised.  The  W'a-liington  appraisal  cost 
$13   a   mile,   but   the   Washi'  ways 

have    an    appraised    value    ■  p-r 

mile;  hence  the  Washington  ap;. 
20  cts.  per  $1,00<>  appraised,  as  .... 
cts.  in  Wisconsin.  There  is  not  the  slight- 
est doubt  that  it  costs  more  per  mile  to 
appraise  a  line  worth  $60,000  a  mile  than 
to  appraise  one  costing  $3i),000  a  mile,  if 
the  same  methods  of  appraisal  are  used; 
for  the  $60,000  line  contains  many  more 
structures  and  details  per  mile,  and  higher 
land  values,  involving  more  labor  on  the 
part  of  both  accountants,  engineers  and 
right-of-way  appraisers.  If  this  is  so,  it 
will  be  asked  why  the  Washington  ap- 
praisal cost  less  per  mile  than  the  Wis- 
consin appraisal.  An  answer  leads  me  into 
the  subject  of  the  methods  used  in  making 
the  Washington  appraisal,  for  upon  those 
methods  depends  the  relative  economy. 

Methods  of  Afpraisal.  Before  entering 
upon  the  task  of  appraising  the  Washing- 
ton railways  I  had  secured  all  desired 
information  as  to  the  appraisals  of  the  rail- 
ways in  Texas,  Michigan  and  Wisconsin. 
I  also  saw  the  engineer  of  the  Minnesota 
Railway  and  Warehouse  Commission,  who 
had  been  engaged  for  six  months  on  the 
appraisal  of  the  Minnesota  railways.  I 
found  that  the  Wisconsin  and  Minnesota 
methods  of  appraisal  were  practically  iden- 
tical. Both  states  furnished  printed  blanks 
to  the  railways,  and  required  the  railways 
to  make  a  detailed  estimate  of  the  cost  of 
their  own  property.  Upon  securing  such 
estimates,  the  states'  engineers  checked  up 
the  appraisal.  This  method  is  advocated 
largely  on  the  ground  that  it  avoids  dupli- 
cating the  expense  of  an  appraisal,  the 
assumption  being  that  each  railway  itself 
will  make  its  own  appraisal  in  any  event, 
whether  asked  to  or  not.  Therefore,  if  the 
railway  is  required  to  make  its  own  ap- 
praisal first,  the  state's  engineer  need  not 
go  through  all  the  details,  but  can  accept 
most  of  the  matter  after  a  more  or  less 
cursory  inspection. 

I  was  wholly  dissatisfied  with  this 
method,  for  I  felt  that  it  would  make  it 
almost  imperative  for  me  to  accept  the 
appraisals  made  by  the  railways,  practi- 
cally at  their  own  figures,  or  to  undertake 
in  the  end  what  I  could  just  as  well  under- 
take in  the  beginning,  namely  an  inde- 
pendent investigation  of  my  own.  I  need 
scarcely  say  that  the  results  of  the  investi- 
gation have  served  to  confirm  my  position 
on  this  point. 

Wither  the  State  of  Minnesota  nor  Wis- 
consin   had    gone   into    the    matter   of   the 
actual   cost   of   the   original    railway   prop 
erty.    This  seemed  to  me  a  scrioi' 
sion,  not  merely  because  of  the 
rate  case  decision,  but   because  01   ilic  in- 
valuable   data    that    an    investigation    into 
actual  costs  would  disclose. 

In  estimating  the  present  or  depreciated 
value  of  structures,  rolling  stock,  etc..  both 


Michigan  and  Wiscomin  had  sent  experts 
into  the  field  to  estimate  the  percentage  of 
present  value  of  each  unit  In  this  manner 
•IO,l>0<>  freight  cars  were  inspected  in  Mich- 
igan, and  their  "present  value"  estimated. 
To  me  this  seemed  to  be  not  only  a  useless 
ire,  but  very  erroneous,  .\sidc  from 
.It  expense  of  thus  inspecting  each 
car  and  structure,  I  was  influenced  by  a 
belief  in  the  far  greater  accuracy  of  apply- 
ing what  might  be  termed  "mortality  tables 
of  structures."  If  tlie  age  of  a  man  is 
known,  his  expectation  of  life  can  be  esti- 
mated from  mortality  tables.  Insurance 
companies  do  not  have  their  doctors  guess 
at  the  man's  probable  life.  The  doctor 
merely  reports  the  man  as  not  suffering 
from  disease,  and  the  insurance  company 
having  the  man's  age,  applies  its  mortality 
tables.  In  like  manner,  it  seemed  to  me, 
the  "present  value"  of  a  car  or  locomotive 
could  be  accurately  estimated  if  its  present 
age  were  known.  It  is  a  well-established 
fact  that  a  freight  car  has  a  useful  life  ex- 
ceeding 20  or  25  years.  If  the  average  car 
has  a  life  of  2')  years,  it  loses  4  per  cent 
of  its  life  every  year.  Hence,  by  multiply- 
ing its  age  in  years  by  4  per  cent,  its  lost 
life  or  depreciation  is  accurately  ascer- 
tained ;  and,  by  subtracting  this  deprecia- 
tion from  100,  the  remainder  will  give  its 
"present  value,"  expressed  as  a  percentage 
of  its  value  new. 

I  believed  that  it  would  be  far  less  ex- 
pensive to  ascertain  tlie  age  of  each  car 
and  each  structure  from  the  records  of  the 
companies,  and  to  estimate  the  present 
value  by  the  method  just  explained,  than 
to  inspect  each  structure  in  the  field.  This 
proved  to  be  the  case,  and  it  effected  a 
very  substantial  saving  in  the  cost  of  ap- 
praisal, while,  at  the  same  time,  it  yielded 
more   reliable  results. 

In  some  cases  the  records  in  the  engineer- 
ing offices  of  the  railways  did  not  show  the 
.iges  of  existing  structures,  but  in  such 
cases  their  accounting  records  showed  the 
dates  when  structures  were  built,  or  when 
cars  were  purchased. 

If  practically  all  the  structures  shown  in 
the  accounting  records  are  still  in  exist- 
ence, and  the  money  expended  each  year 
for  each  class  of  structure  is  known,  it  is 
a  very  simple  n^atter  to  figure  the  average 
age  of  the  money  invested  in  such  struc- 
tures, which,  after  all,  is  what  is  needed 
in  estimating  present  value.  To  illustrate, 
suppose  there  are  a  number  of  station 
buildings  in  existence,  whose  age  is  not 
known.  Suppose,  however,  that  $10,500  was 
spent  for  such  buildings  in  \fi96.  $20.|VK1  in 
1900,  and  $.5,000  in  I9<n.'  Then,  in  li><)6, 
the  average  age  of  the  money  invested  in 
these  buildings  is  ascertained  thus : 

$10,500  X  lOyrs.  equals  $10.5,000  one  year. 

^-  ■     .Art  X    fi  yrs.  equals  $  I  •20,(m)0  one  year. 
" '  X   4  yrs.  equals   $20,000  one  year. 


?n.-..iX)0  X   7  yrs.  equals  $24fl..500  one  year. 

This  gives  a  total  of  $.V>,.'.it<i  invented  7 
years;  for  $.'l.'i.'ii«i  v  7  years  eqn.il^  v'l'J  ",iVi 
one  year. 
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The  rule  to  be  followed  in  all  such  cases 
is  to  multiply  the  money  expended  each 
year  for  structures  of  a  given  class  by  the 
age  in  years,  add  all  these  products  to- 
gether, and  divide  by  the  total  cost  of  all 
the  structures  under  consideration.  The 
quotient  is  the  average  age  of  all  the  struc- 
tures, or,  more  strictly  speaking,  the  aver- 
age age  of  the  money  invested  in  the 
structures.  If  some  of  the  structures  are 
no  longer  in  existence,  this  method  can 
still  be  applied.  Take  railway  cross-ties, 
for  example.  Ascertain  the  total  value  of 
cross-ties  in  the  track,  then  go  back 
through  the  records  of  cost  and  tie  re- 
newals, by  years,  until  the  total  cost  of  the 
renewals  adds  up  to  the  total  value  of  ties 
now  in  the  track.  Then  compute  the  aver- 
age age  as  above  shown.  If  the  price  of 
ties  has  fluctuated,  ascertain  the  actual 
price  paid,  and  reduce  all  yearly  expendi- 
tures of  renewals  to  the  present  price. 

It  will  be  as  impossible,  as  well  as  un- 
desirable, in  a  report  of  this  character,  for 
me  to  indicate  all  the  methods  pursued  in 
the  appraisal  of  railways,  but  some  of  the 
radical  departures  from  precedent  should 
be  outlined,  particularly  where  a  result  is 
secured  in  more  thorough  or  in  a  more 
economic  manner.  Moreover,  any  chief  en- 
gineer who  may  be  in  your  employ  in  the 
future  will  be  greatly  handicapped  without 
an  outline  of  the  methods  pursued  in  this 
original  appraisal. 

In  searching  the  records  of  the  railways, 
I  did  not  confine  myself  merely  to  their 
engineering  and  their  accounting  books,  but 
often  found  missing  links  of  information 
in  the  most  incongruous  places.  The  Ore- 
gon Railroad  &  Navigation  Company,  for 
example,  had  practically  none  of  its  "con- 
struction ledgers,"  and  at  first  we  despaired 
of  being  able  to  piece  together  a  complete 
itemized  summary  of  original  cost.  Finally 
we  found  an  old  tissue  copy  book.  Book 
No.  51,  at  the  Ash  St.  Dock  in  Portland, 
containing  copies  of  the  auditor's  distribu- 
tion sheets,  showing  costs  of  engineering, 
grading,  etc.,  etc. 

For  several  months  our  work  was  con- 
siderably retarded,  not  only  by  the  reluc- 
tance of  several  of  the  railway  companies 
to  assist  us  in  finding  their  records,  but 
by  the  incompleteness  of  tlie  records  when 
found.  Little  by  little,  however,  we  were 
able  to  fill  in  the  gaps,  until  there  remained 
not  10  per  cent  of  the  original  unascer- 
tained. 

For  the  guidance  of  any  engineers  whom 
you  may  employ  in  the  future,  I  give  a  list 
of  the  most  important  records  to  be  looked 
for  in  making  an  appraisal  of  this  char- 
acter. 

1.  Amuial   reports   to  stockholders. 

2.  Annual  reports  to  Interstate  Com- 
merce  Conmiission. 

3.  Annual  report  of  chief  engineers  and 
superintendents  to  the  president  of  the 
road. 

4.  Reports  of  minor  officials. 
.">.     Progress   profiles. 

fi.     Cross-section   and   quantity  books. 


7.  Final  estimates  on  contract  work. 

8.  Tissue  copy  books  of  final  estimates. 

9.  Rail  and  ballast  charts. 

10.  Bridge  books  (engineering  depart- 
ment). 

11.  Building  books. 

12.  Work  orders. 

13.  A.  F.  E.'s  (authorization  for  ex- 
penditure). 

14.  Accounting  records  (a)  Construc- 
tion Ledgers,  (b)  General  Ledgers  and 
their  accompanying  journals,  (c)  Vouch- 
ers, Registers,  (d)  Vouchers,  (e)  Auditor's 
Distribution  Sheets,  and  the  like. 

15.  Equipment  Registers. 

16.  Distribution  Book,  or  Disbursement 
Accounts  Books,  containing  directions  for 
accountants  to  follow. 

17.  Confidential   Reports. 

In  my  judgment  the  first  step  to  be  taken 
in  appraising  a  railway  is  to  ascertain  its 
physical  and  financial  history.  For  this 
purpose  the  annual  reports  to  stockholders 
are  an  invaluable  source  of  information. 
By  a  perusal  of  these  reports  an  historical 
map  or  chart  can  be  prepared  showing  the 
limits  of  each  "construction  division"  or 
branch  of  the  railway,  and  the  dates  of 
beginning  and  completing  the  construction 
work  on  it.  The  present  "operating  divi- 
sions" often  have  the  same  names  as  cer- 
tain "construction  divisions"  of  the  road, 
but  wholly  different  limits.  Hence  the  ne- 
cessity of  an  historical  map  in  order  to 
avoid  confusion  in  interpreting  the  account- 
ing records  of  the  road. 

Having  prepared  a  map,  and  a  brief  his- 
tory of  the  road,  the  next  step  should  be 
an  investigation  of  the  accounting  depart- 
ment records.  The  tendency  of  a  civil  en- 
gineer is  to  go  to  the  engineering  records 
first,  but  this  is  a  mistake,  for  the  account- 
ing records  are  usually  kept  in  a  much 
better  shape,  and  contain  fewer  gaps.  From 
the  construction  ledgers,  an  itemized  ac- 
count of  the  original  cost  of  each  construc- 
tion division  is  secured,  and  having  been 
secured,  the  next  step  is  to  check  it  by  the 
records  of  the  engineering  department, 
where  quantity  books  and  tissue  copy  books 
of  final  estimates  paid  to  contractors,  and 
the  like,  are  usually  to  be  found.  Fre- 
quently, however,  it  happens  that  a  line  has 
been  purchased,  and  that  only  the  engineer- 
ing records  were  transferred  at  the  time 
of  the  purchase.  In  which  event  it  may  be 
impossible  to  secure  the  accounting  records, 
except  by  going  to  the  original  owners  of 
the  property. 

Having  gone  rapidly  througli  all  the  ac- 
counting and  engineering  records  to  ascer- 
tain what  gaps,  if  any,  exist  as  to  original 
construction  data,  the  next  step  is  to  put 
engineers  into  the  field  to  supply  the  miss- 
ing links  by  actual  inspection,  measurement, 
etc.  An  attempt  to  estimate  by  field  sur- 
vey should  be  the  last  resort,  not  only 
on  account  of  the  greater  cost  of  field 
work,  but  because  of  its  greater  inaccuracy, 
and  finally — but  not  to  be  ignored — because, 
in  case  of  a  legal  dispute  as  to  the  esti- 
mated   cost,    field    survevs,    and    estimates 


made  by  dilTerent  engineers  are  likely  to 
differ  widely.  There  is  always  so  much 
that  cannot  be  seen,  like  the  foundation 
of  bridges,  the  percentage  of  loose  rocks  in 
embankments,  etc.,  that  a  field  survey 
should  be  used  only  as  a  last  resort.  And, 
in  our  appraisal  of  the  Washington  rail- 
ways, field  surveys  were  made  only  for  a 
very  small  percentage  of  the  total  mileage. 
A  field  inspection  of  every  mile  of  track 
should  be  made,  preferably  by  an  engineer 
riding  on  a  handcar.  This  engineer  should 
be  provided  with  complete,  up-to-date  pro- 
files, and  small  scale  plans  of  the  road, 
showing  all  structures  and  their  dimensions, 
etc.  I  made  the  mistake  of  accepting  the 
existing  profiles  and  plans  for  use  by  the 
field  inspectors.  These  records  were  so 
often  incorrect,  through  not  having  been 
kept  up  to  date,  as  to  cause  much  unneces- 
sary work  subsequently  in  checking.  Haste 
in  sending  out  field  inspectors  is  a  mistake, 
as  field  inspection  of  this  sort  is  the  most 
inexpensive  item  of  an  appraisal,  and  can 
be  quickly  done  even  with  a  comparatively 
small  force.  One  man  on  foot  will  inven- 
tory about  12  miles  of  ordinary  track  each 
day,  or  twice  that  amount  on  a  handcar. 
Field  inspection,  therefore,  should  not  be 
begun  until  corrected  up  to  date  profiles 
and  maps  have  been  prepared,  and  until 
the  investigation  of  the  engineering  records 
has  been  carried  far  enough  to  disclose  the 
particular  structures  upon  which  the  office 
records  are  incomplete.  By  doing  this,  the 
field  inspection  resolves  itself  into  a  check- 
ing off  of  structures  with  an  occasional 
pause  to  measure  some  structure  on  which 
the  office  records  are  defective. 

The  appraisals  heretofore  made  in  other 
states  have  been  based  almost  entirely  upon 
field  surveys  and  inspection,  no  attempt 
having  been  made  to  secure  the  necessary 
data  from  the  engineering  and  accounting 
records  of  the  railways.  Why?  The  an- 
swer is  found  in  the  purpose  of  the  ap- 
praisal. .As  previously  stated,  the  purpose 
of  the  appraisals  in  Texas.  Michigan  and 
Wisconsin  was  not  the  same  purpose  as  in 
Washington.  Where  the  purpose  is  taxa- 
tion, a  railway  naturally  seeks  a  low  valua- 
tion for  its  property,  hence  it  prefers  to 
refuse  access  to  its  own  records,  believing 
— and  believing  rightly — that  what  cannot 
be  seen  with  the  eyes  will  not  be  likely  to 
appear  in  the  appraisal.  An  appraisal  by 
field  examination  solely  is  very  apt  to  be 
below  the  true  value  of  the  property,  hence 
the  acceptability  of  such  an  appraisal  by 
ihe  railways  where  taxation  is  the  purpose 
of  the  appraisal. 

Several  of  the  principal  railway  systems 
in  Washington  at  first  resisted  our  efforts 
to  secure  the  records  in  their  offices,  and 
stated  that  the  records  were  so  incomplete 
as  to  be  valueless.  In  some  instances  I 
have  no  doubt  that  this  was  an  honest 
opinion.  I  am  inclined  to  believe,  however, 
that  their  motive  in  resisting  an  examina- 
tion of  the  records  was,  in  some  cases  at 
least,  to  secure  an  appraisal  which  could 
he  fought  in  the  courts,  and  probably  \ipset 
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by  Uocumciitary  evidence  10  prove  lU  un- 
reliability in  parts,  if  not  in  its  entirety. 
Therefore  I  hold  to  the  belief  that  an  in- 
vestigalioii  of  both  the  accounting  and  eii- 
Kineenng  records  uf  the  railways  would 
have  been  the  best  policy,  even  had  it  cost 
many  times  what  it  did  cost.  And,  to  show 
in>  reason  fur  this  belief,  I  will  cite  just 
one  example  In  testifying  before  your 
honorably  l><>d\,  Mr.  Ilogcluiid,  chief  en- 
gineer of  the  Great  Northern  Railway,  has 
estimated  the  cost  of  earth  excavation  to 
lie  made  up  of  three  different  items,  as 
follows : 
.\verage  contract   price   up 

III    1,000    ft.    haul $0.1.*.U)  per  cu  yd 

.■\veraj5e   iiverhaiil    $0,035  per  cu.  yd. 

Tran»poriation     of     men's 

tiKils.    supplier      0.04.J  per  cu.  yd 


Total    $0,310  per  cu.  yd. 

Mad  we  not  secured  the  actual  records 
in  the  Great  Northern  offices,  it  might  have 
been  a  difficult  matter  to  convince  the  court 
that  the  last  two  item>  of  the  above  esti- 
mate are  ridiculously  high  Having  the  rec- 
ords, it  will  not  be  so  difficult.  For  ex 
ample,  the  actual  cost  of  the  item  of 
"average  overhaul"  was  just  one-seventh  of 
.Mr  Hogeland's  estimate,  or  one-half  per 
cent,  per  cubic  yard,  as  shown  in  my  state- 
ment of  the  actual  cost  of  construction  of 
the  Great  Northern  Rail\v.iy  in  the  State 
of  Washington  The  item  of  transportation 
uf  men  was  similarly  overestimated. 

I  will  not  enter  into  such  details  further, 
but.  in  justice  to  myself  and  you.  I  feel  it 
my  duty  to  explain  :t7iy  a  departure  from 
precedent  in  raihtay  appraisal  zcas  the  best 
policy.  Such  an  illustration  as  the  aliove 
will  serve  better  than  many  generalities  to 
show  the  character  of  the  reasons  for  our 
exhaustive  investigations  into  the  original 
cost  of  the  railways  of  this  state.  Were 
you.  as  a  court,  or  were  any  other  court, 
confronted  by  the  conflicting  testimony  of 
expert  engineers,  it  would  be  difficult  to 
arrive  at  a  just  opinion  as  to  proper  quan- 
tities and  prices,  unless  the  actual  data 
were  available  to  guide  you.  The  data  are 
.-<vnilalile.  and  are  now  in  your  possession. 
I  have  not  touched  upon  the  very  ini- 
imrtanl  matter  of  the  appraisal  of  the  roll- 
ing stock,  or  e<|uip'iK'nl,  further  than  to  say 
that  I  did  not  make  a  lield  inspection  of  it 
The  office  records  were  so  complete  that 
»uch  an  inspection  was  superfluous,  and  for 
the  reason  above  given.  In  order  to  appor- 
tion 10  the  State  of  Washington  its  share 
of  the  cost  of  the  rolling  slock,  it  was 
necessary  to  appraise  the  entire  equipment 
of  every  railway  system  entering  the  stale 
This,  in  itself,  is  no  slight  task.  Several 
Slates  should  share  the  cost  of  appraising 
the  equipment  of  the  railways,  .so  that  the 
whole  cost  would  not  fall  on  one  state,  as 
in  this  instance 

If  Washington,  Idaho,  Montana,  the  Da- 
kotas  and  Minnesota  could  have  .-icted  in 
concert,  the  cost  of  railway  appraisal  would 
have  been  very  much  less,  not  only  because 
of  the  distribution  of  the  cost  of  .-ipprais- 


ing  the  equipment,  but  because  of  the  facil- 
ity with  which  an  entire  railway  system  can 
be  appraised  once  an  engineer  becomes 
familiar  with  the  accounting  and  engineer- 
ing records  of  that  railway  system.  For 
this  reason,  as  well  as  for  others,  the  rail- 
road commissioners  of  certain  groups  uf 
states   shoulil   strive  In  act   together. 

The  appraisal  oi  right-of  way  lands  and 
station    grounds,    as    far    as    present    value 
goes,    was    delegated    principally    to    three 
right-of-way    experts,   men    who   had   been 
buying  lands  for  railway  purposes  in  Wash- 
ington and  were  familiar  with  prices.    Vour 
honorable  Inidy  .idupied  a  method  of  arriv- 
ing at  land  values  whidi  was  entirely  novel, 
and,  to  my  mind,  a  vast  improvement  over 
any    other    method    hitherto    used    in    other 
states.     The  method  consists   in  calling   in 
real  estate  men   in  all  the  large  cities,  and 
securing    testimony    from   those   men  as   to 
land  values.     Your  honorable  body,  sitting 
as  a  court,  hears  the  testimony  not  only  of 
the    regularly    employed    riglit-of-w,iy    ex- 
lieris.   Init   of    expert   real    estate   witnesses, 
which  those  right-of-way  experts  have  con 
suited,  and  other  real  estate  experts  which 
the    railways   may   bring    in.      Hitherto   the 
practice  has  been  to  examine  all  real  estate 
transfers  within  a  certain  distance  of  the 
railway  property,  and  for  a  period  of  years 
prior  to  the  appraisal,  and  to  base  the  ap- 
praisal  upon   these   transfers.      Since   prop- 
erly    for    railway    purposes    usually    costs 
more  than   for  other  purposes,  it  is  neces- 
sary 10  multiply  the  value  ascertained  from 
transfers  of  adjacent  property  by  some  fac- 
tor, this  factor  being  ascertained   from  ex- 
pert testimony  or  otherwise.    Unfortunately 
the  records  of  the  real  estate  transfers  are 
not   the  best   evidence  of  the   value   of   the 
propirty   transferred.      Indeed    the    records 
are  often   made   so   as   to  conceal  the   real 
value    of    the    property.      For    this    reason 
alone   the   method   devised   by   your   honor- 
able body  is  much  to  be  preferred.    More- 
over, it  is  a   less   expensive  method  of  ap- 
praising lands. 

As  to  my  methods  of  appraisal  I  need 
say  little  n.ore.  My  testimony  before  your 
honorable  body  is  complete  on  those  mat- 
ters, but.  being  of  great  length,  I  have 
thought  it  wise  to  summarize  certain  fea- 
tures in  this  report,  giving  also  a  few  siig 
gestions,  which  may  assist  any  engineer 
who  may  be  in  the  employ  of  the  Washing- 
ton Railroad  Commission  in  future 

It  is  needless  to  tell  you,  but  for  the  sake 
of  public  record  I  desire  to  say  that  on 
all  the  smaller  railways  in  Washington  I 
was  given  most  courteous  treatment,  aii<l 
had  ready  access  to  all  records.  On  the 
three  large  systems,  namely  the  Great 
.S'orlhern,  the  Northern  Pacific,  and  the 
Oregon  Railway  &  Navigation  Company,  I 
met  with  much  resistance  at  first,  and  lost 
several  months  of  time  in  consequence.  De- 
nial as  to  the  existence  of  certain  iinp<irtant 
records  was  repeatedly  made— records  that 
I  snlisequenlly  fonnil  I'ossibly  these  de 
nials  were  maile  in  giHid  |,iiih,  but,  since 
free    access   to   alt    records   was   not    given 


me  by  the  Great  Northern  and  llie  North- 
ern Pacific  for  a  long  time,  and  then  only 
after  1  pieced  together  enough  information 
to  prove  the  existence  of  the  desired  rec- 
ords, my  work  was  greatly  retarded.  I 
think  that  these  railways  came  ultimately 
to  see  that  it  was  an  error  not  10  put  all 
records  at  my  disposal,  and  all  I  r^-yret  is 
that  they  were  not  prompt  11  ihat 

conclusion.     I   regret  it  not  ..■  .,-  of 

the  increased  cost  of  the  appraisal,  but  be- 
cause I  had  business  duties  in  New  York 
that  made  my  return  imperative  at  as  early 
a  date  as  possible. 

In  conclusion  I  wish  to  express  my 
hearty  appreciation  of  the  loyalty  and  zeal 
with  which  my  assistants  worked.  Those 
in  the  most  important  positions  worked 
not  only  by  day  but  by  night.  I  know  of 
no  one  who  seemed  swayed  by  the  fear  of 
"working  himself  out  of  a  job."  My  two 
principal  assistants,  Mr.  Francis  W.  Collins 
and  .Mr.  H.  L  Gray,  deserve  special  recog- 
nition in  this  report,  for  upon  them  fell 
the  brunt  of  the  task  .Mr.  Collins  was 
located  in  St  Paul,  at  the  offices  of  the 
Great  .Northern  and  the  .Northern  Pacific 
railways,  with  a  corps  of  men  under  his 
ilirection.  .Mr  Gray  was  located  in  Port- 
land, in  the  offices  of  the  Oregon  Railway 
&  .Navigation  Company,  with  a  similar 
corps. 

To  your  honorable  body  1  wish  to  ex- 
press my  sincere  thanks  for  the  many  val- 
uable suggestions  that  came  from  you  as 
10  the  coniluct  of  my  appraisal.  I  wish  it 
were  possible  for  me  to  convey  to  the 
people  of  Washington  my  unbiased  opinion 
of  your  honorable  body.  .\s  a  non-resident 
my  opinion  is  unbiased.  I  believe  you  have 
shown  great  wisdom  in  not  allowing  your- 
selves to  be  hurried  into  action,  for  the 
sake  of  being  able  to  point  to  "results." 
.\o  ordinary  citizen  can  realize  the  magni- 
tude and  the  intricacy  of  the  problem  be- 
fore you.  It  can  become  appalling  only  to 
one  who  has  come  face  to  face  with  't,  and 
has  delved  into  its  details  So  far  as  I 
know,  yon  are  the  first  state  railway  com- 
mission in  .America  that  has  not  allowed  it- 
self to  be  drawn  into  action  on  rate  makini; 
Itefore  securing  the  fundamental  fac's  that 
should  govern  such  action.  One  "f  those 
fundamental    facts  is  the  phy-  of 

the  railways  in  the  state.  .\  ph  .la- 

tion  is  absolutely  essential,  if  for  no  other 
P'.irpose  than  to  determine  a  reasonable 
amount  to  set  aside  annually  from  earn- 
ings to  cover  the  depreciation  from  natural 
.igencies  and  from  wear  and  tear  Tell  me 
the  physical  value  o<  ,,\i\ 

I    can   estimate   its  ;.,rs 

rioseh  Conceal  that  value,  and  I  am  ut- 
terly in  the  dark.  It  has  become  the  fash- 
ion to  "poo-hoo"  the  necessity  of  a  phys- 
ical valuation  of  railways  by  commissions 
having  rate-making  iiowers  Kven  had  the 
Supreme  Court  not  niled  as  to  the  neces- 
sity of  a  physical  valuation,  the  necissitv 
would  exist,  if  for  no  other  reason  than  to 
solve  the  important  problem  of  annual  de- 
preciation. 
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Bridges,  Buildings  and  Foundations 


Note:  This  section  is  devoted  to  methods  and  costs  of  constructing  steel 
and  masonry  bridges  and  buildings  and  of  foundation  work  of  all  kinds.  It 
will  give  special  attention  to  erection  plant  and  tools,  falseworks  and  centers 
and  cost  data  of  all  kinds. 


Derrick  Cars  and   Methods   of  Using 

Them  in  Bridge  Erection  on  the 

Chicago,  Milwaukee  & 

St.  Paul  Ry.- 

Design  of  ■iO-Ton  Derrick  Car. — Most 
of  the  features  of  the  car,  designed  by 
W.   F.   Rcch.   are   sliown  by   Fig.   1.  which 


(2)  Strength  of  parts,  with  the  re- 
quired   lightness    for    handling. 

The  number  of  uses  to  whicli  a  derrick 
car  can  be  put  is  almost  in  proportion  to 
its   length  of  boom. 

The  longer  the  boom  and  the  greater  its 
capacity,  the  greater  must  be  the  longi- 
tudinal and  lateral  stability  of  tlie  car.    The 


of  rails,  unless  outriggers  or  guys  are  used. 
The  lateral  overturning  moment  of  the 
load  is  measured  by  the  product  of  the 
load  into  its  distance  from  the  nearest 
rail,  and  this  overturning  is  resisted  by  a 
moment  which  is  the  product  of  the  weight 
of  the  car  into  one-half  the  distance  be- 
tween the  rails. 

As  this  half  distance  between  the  rails, 
or  the  lever-arm  of  lateral  moment  of  re- 
sistance, is  only  about  30  ins.,  it  is  apparent 
that  the  capacity  of  the  car  for  lifts  at  any 
distance  from  the  center  line  of  track  is 
limited.  The  exact  figures  are  given  in  the 
table,  Fig.  1. 

To  reduce  the  stresses  in  the  boom  tackle 
and  its  consequent  weight,  it  is  desirable  to 
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Fig.    1  —  Details   of   30-Ton    Derrick      Car     for     Bridge      Erection. 


shows  a  lo-ft.  3-in.  mast,  a  30-ft.  boom, 
some  2%-in.x2%-in.  bars  for  the  back- 
stays, together  with  the  engine  and  rigging 
mounted  on  a  oO-ft.  flat  car  of  heavv  con- 


lungitudinal  stability  (parallel  with  the 
track)  is  comparatively  easily  obtained  by 
increasing  the  length  of  the  car,  in  this 
case  to  ol1   ft.,  and  bv  adding  the  counter- 


make  the  height  of  the  tower  as  great  as 
possible,  but  the  permissible  height  of  the 
tower  is  limited  by  the  clear  head  room  in 
through  truss  bridges  and  under  telegraph 


Fig.   2- 


Benr3        Benr  8  Bent  7     Bent-6  Bent  5 

-Diagram    Elevation   of   Peedee   Viaduct. 


struction.     The  principal  requirements  of  a 
derrick  car  arc : 

(1)     Length  of  boom  rcacli,  uitli  mc.s- 
sarv  stability  of  the  car. 


•Extracted  from  a  paper  by  J.  TI.  Prior,  rf  arl 
before  the  Western  Society  r  f  Engineers  on 
Marcli  3.   1»09. 


weight   required,  to   the  weight  of  the  en- 
gine and  rigging  already  in  place. 

Lateral  stability  is,  however,  a  difficult 
matter  to  provide  and  is  a  more  doubtful 
quantity  than  any  other  feature  of  the  car : 
this  is  due  mostly  to  the .  fact  that  the 
vidth  of  base  of  the  car  available  against 
o.'crturning  is  limited  to  the  distance  c.  to  c. 


wires,  during  transit  and  also  when  the 
car  is  at  work. 

In  the  design  shown,  the  top  of  the  tower 
is  21  ft.  3  ins.  above  top  of  rail,  and  it  can 
be  seen  that  the  design  of  the  connection 
at  the  top  of  the  tower  makes  practically 
all  of  this  height  effective. 

The  upper  part  of  the  tower  consists  of 
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an  A  trainc,  which  can  bt  removed  wlicii 
the  car  15  in  transit,  thus  brinKini;  the  to- 
tal hci|{hl  of  the  car  well  within  the  over- 
head clearance*  of  any  railroad. 

The  square  tower  is  fully  rigKcd  so  that 
when  the  A-frame  is  removed  the  car  can 
be  used  for  all  purposes,  but,  ai  the  stresses 


is  that  all  siiafts,  together  with  all  gear 
wheels  attached  to  same,  art-  ca\i5cd  to  rc- 
vulvc  whenever  steam  i-.  admitted  to  the 
cylinder.  The  drums  run  loose  upon  their 
shafts  and  can  be  made  to  revolve  with 
the  shafts,  upon  which  they  are  carried, 
by  means  of   friction  clutches.     When  the 


erts  upon  the  line,  depend*  upon  the  num- 
ber of  wraps  whi  ■  .  I 
the  winch  head,  a:  ^  .  •  x 
erted  by  the  winch  head  man  upon  the 
end  of  the  tine.  A  very  light  pull,  with 
only  a  few  wraps  around  the  winch  head, 
permits  the  winch  head  to  slip  and  revolve 


J=lt^- 


•5    £!,.<, /5«J(5>-/l.^l*a-^- 


— atro'^ — if 79-"6*- 


^^3: 


^==^ 


Fig.   3 — Plans    and    Elevation    ofBridge    Across    Missoula     River. 


in  the  top  tackle  are  increased,  the  capacity 
"I  the  car  is  reduced. 

The  shortest  boom  is  made  of  two  15  ft. 
sections;  additional  intermediate  sections 
of  20  ft.  and  ■Vi  ft.  arc  provided,  making 
lengths  of  boom  of  30  ft.,  50  ft.,  65  ft.,  or 
85   ft.  available. 

When  heavy  loads  arc  being  lifted,  there 
is  a  provision  for  the  insertion  of  a  tight 
fitting  hard  wood  block  between  the  body 
bolster  of  the  car  and  the  side  frame  of 
the  truck.  This  permits  part  of  the  loa<l 
to  be  transmitted  directly  from  the  car 
body  bolster  to  the  truck  side  frame  and 
relieves  the  side  bearings  and  springs  of 
whatever  load  passes  through  the  hard 
wood  block. 

Fig.  I  shows  the  arrangement  of  lines, 
also   of   the   clutches,    brakes   and   throttle 


friction  clutch  is  disengaged,  the  drum  can 
be  held  without  motion  by  means  of  the 
brake  or  the  rachct  and  pawl,  the  shaft,  in 
the  meantime,  revolving  for  the  purpose 
of  handling  other  lines. 

The  winch  heads  are  also  loose  upon 
their  shafts,  but  may  be  fixed  to  the  shafts 
by  the  jaw  clutches  shown,  or,  when  the 
jaw  clutches  arc  disengaged,  the  winch 
heads  may  be  held  in  one  position  by  means 
of  rachets  at  their  ends  and  pawls  con- 
nected to  the  frame  of  the  engine.  When 
the  winch  head  is  held  against  motion  by 
the  pawl,  it  may  be  used  for  fastening  the 
line  or  holding  the  load,  although  the  shaft 
upon  which  it  is  carric<l  may  be  revolving 
while  the  engine  is  handling  other  lines. 

With  110  lbs.  of  steam  pressure,  the  en- 
gine can  exert  a   pull   of   about  8,000  lbs. 


within  the  line  which  is  wrapped  around 
it ;  a  greater  pull  and  more  wraps  causes 
the  winch  head  to  grip  the  line  with  a 
force  which  can  be  increased  up  to  the 
breaking  strength  of  the  line.  The  boom 
line  and  the  load  line  are  fastened  to  the 
drum,  but  before  commencing  operations, 
it  is  usual  to  take  a  few  wraps  around  the 
drum,  in  order  to  reduce  the  stress  where 
the  line  is  fastened  to  the  drum. 

On  this  engine,  one  engineer  controls  the 
throttle,  in  addition  to  operating  the  two 
friction  drums.  One  winch  head  man  op- 
erates the  two  swinging  lines  and  a  second 
winch  head  man  operates  the  runner  line 
when  it  is  in  use.  This  makes  a  total  of 
three  men  in  the  cab,  the  engineer  doing 
his  own  firing. 

The  car  can   propel  itself   with  its  own 


'  ^'-^V  -^'M^    '^'^1-   ^'fe^^J"^-'  : 
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under  the  control  of  the  engineer.  These 
features  are  shown  in  diagram  only  and 
the  cut  does  not  represent  the  actual  con- 
struction of  the  engine.  .Ml  winch  heads 
and  drums  shown  are  also  provided  with 
a  rachet  and  pawl,  not  shown  in  the  dia- 
gram. 

This  diagram  shows  a  .1"  HIV  engine, 
of  a  type  extensively  used  in  bridge  erec- 
tion. The  chief  characteristic  of  this  type 
•  which  is  common  to  the  different  makes) 


Fig.   4 — Elevatlcn    of   Cow   Creek    Viaduct. 

on  a  line  fastened  to  the  drum.  As  this 
8,000  lbs.  is  exerted  at  a  radius  of  8  ins. 
from  the  center  of  the  shaft,  a  considerably 
greater  pull  can  be  exerted  by  the  winch 
head,  which  has  a  somewhat  smaller  radius. 
.•\s  shown  in  Fig.  I,  each  swinging  line 
and  runner  line  after  passing  from  the 
front  of  the  car  is  given  a  number  of 
wraps  around  the  winch  head  and  then 
passes  into  the  hands  of  the  winch  head 
man.     The  pull,  which  the  winch  head  ex- 


power  in  either  direction  by  means  of  a 
chain  wheel,  which  carries  a  iH-in.  chain 
which  passes  around  and  drives  a  sprocket 
wheel  keyed  to  the  forward  axle  of  the 
rear  truck.  The  chain  wheel  is  driven  as 
follows : 

.•\  gear  wheel  is  placed  on  each  end  of 
the  front  shaft.  Fig.  1.  The  gear  wheel 
at  one  end  of  the  shaft  is  connected  by  a 
train  of  gears  with  the  chain  wheel,  so 
as  to  make  it  revolve  in  the  direction  which 
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the  engine  is  running  and   the  gear  wheel  Some  i'srs  of  30-Ton  Car. — On  a  struct-  At    the   third    crossing    of   the    Missoula 

at  the  other  end  of  the  shaft  is  connected  ure  such  as  the  Peedee  viaduct,  shown  in  river,  shown  in  outline  in  Fig.  3,  there  is 

by  a  similar  train  of  gears  so  as  to  make  Fig.  2,  where  the  material  must  be  brought  a  240  ft.  span  crossing  a  torrential  moun- 

the    chain    wheel    revolve    in    the    reverse  out  on  the  track  and  where  false  work  can-  tain  stream.     The  bottom  of  this  stream  is 


Fig.  5 — Details  of  50-Ton   Steel   Derrick     Car     for     Bridge  Erection. 

direction.  The  gears  at  the  ends  of  the  not  be  economically  used,  a  boom  of  80  ft.  bare  rock  and  does  not  afford  the  anchor- 
shaft  run  loose  and  can  each  be  thrown  reach  would  be  required  to  place  a  single  age  which  false  work  would  require  to  re- 
into  service   (the  other  gear  running  idle)        bent  ahead  of  the  portion  of  the  structure  sist   the   force  of  the   current.     This  made 


Ct^tpac-f^  0^  SO  7£>/7  D^rr.rk- 

capacity 

Tack     ^  **>  cf»e. 

ao^t 

'0  7i>fi 

?t.i     -ft- 

/£■     f* 

t.5 

SO      - 

>9i      . 

^/ 

35     - 

'9        - 

»i 

-ir  - 

SO    - 

'i>t-       ■ 

^l         - 

Fig.    6 — Diagram     of     Lines    and   Tackle  for   50-Ton   Derrick   Car. 

by  means  of  a  jayv  clutch,  feathered  to  the  already    L-rected.     The    same   result   can  be  it  necessary  to  design  the  span  so  it  could 

middle    of    the    shaft.     This    arrangement  accomplished  with  a  shorter  boom,  though  be  erected  as  a  cantilever;  the  joints  being 

permits   the   car   to   be   propelled    in    either  not     so    conveniently,    by     outhauling    the  arranged     as     shown     in    the     figure,     the 

direction  l)y  a  non-reversible  engine.  member  beyond  the  reach  of  the  boom.  structure   would  be   rendered   self-support- 
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iiiK.   Willi   tlic  complrtmii   ol    c4ih   cmmcc- 
turn. 

The  »pan>  bciwccn  towers  o{  Cow  crrck 
Ma<liic(,  i-JK.  4,  .irr  i>I  fi.  8  ins.  In  order 
•■«  place  a  tower  bent  alieail  of  the  com- 
{ileteii     porli<tM     nf     xhc     ^rriii-mri-     u  irliout 


pciiileil  iroiii  ilir  l)i"Mii  ol  ih<-  ilrrruk  car 
This  nicthotl  of  bniiKinii  out  the  material 
on  a  tramway  was  made  possible  by  the 
level  b<Jltom  of  the  \alle>  which  the  via- 
duct crosses. 

The  lower  slirr\   oi  ilir  tuvrr  \\;is  i-rntril 


•  lirriik  lar.  di^iKiud  h)  ^^  i:  iruell.  The 
principal  rei|uiremeiils  o(  design  and  the 
diOicullics  encountered  in  satisfying  iheni, 
as  Kiven  in  the  description  of  the  It"  ton 
car.  are  e<|ually  true  as  applied  to  the  uO- 
toii    t'.ir  :    liiil.    ill    this    ca^r     tIh-    fssmtials 


>4lt|  j;.'! 


^<^JL 


Block  tail    Cr^mk    Vioduct 


iiiliaulini;,  a  boom  of  (io  ft.  8  ins.  reach 
would  be  re<|uircd.  These  bents,  however, 
were  placed  with  the  C">  ft.  boom  available, 
the  small  amount  of  oulhaiilinK  being  done 
with  hand  lines.  The  material  for  this  via- 
<luct  was  brought  out  to  the  |Kiint  where 
It  was  required  on  a  small  tramway  run- 
■iing  on  the  ground  along  the  center  line  of 


Fir.  7 — Elevation   of   Blacktail    Creek    Viaduct. 

by  a  mule  traveler,  running  on  a  wide 
gage  track  and  moving  continuously  away 
from  the  portion  of  the  structure  erected. 
This  arrangement,  which  kept-  the  derrick 
car  continuously  supplied  with  material 
without  moving  from  its  position  at  the 
end  of  the  completed  portion,  greatly  in- 
creased the  erection   speed.     This  viaduct. 


of  reach,  stability,  etc.,  were  provided  in  a 
soi7iewhat   difTereni  manner. 

The  longitudinal  stability  of  the  car  was 
incnased  by  the  addition  of  25  tons  of 
counter-weight  ;  and  its  lateral  stability  by 
the  use  of  outriggers. 

Figure  o  shows  this  car  to  consist  of  a 
steel  superstructure  mounted  on  a  steel  flat 


¥ 


m 


viadi.ct.  the  material  being  delivered  to  the 
tramway  from  the  track  above  by  a  wreck- 
ing crane,  which  happened  to  be  available. 
This  method  differs  from  that  used  at  Pec- 
dee  viaduct,  where  all  material  was  deliv- 
ered above  and  carricfl  to  its  position  su»- 


FiQ.   8 — Traveler    for    Bridge    Erection. 

as  shown  in  Fig  -I,  consists  of  27  spans, 
supported  by  12  towers,  and  was  erected 
by  the  company  forces  ■.■  is  r..nv.  .-.nlv.- 
days. 

Design  of  So-Ton  /Vim.  v   i  ,u  -    ni-iirr 
.'>  shows  the  general  features  of  the  50-lon 


car.  The  A- frame,  which  performs  the 
work  of  a  mast,  is  riveted  to  two  transverse 
channels  which  are  fitted  to  the  two  circu- 
lar caslinRs  M.  which,  in  tuni.  rest  on  the 
plates  which  are  rivete<l  to  the  sides  of 
the   car.     The  channels   form   a  box.   into 
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which  the  I-beam  outrigger  telescopes  when 
not  in  use  and  from  which  it  can  be  with- 
drawn, when  required,  to  either  side  of  the 
car,  depending  upon  the  point  from  which 


are  attached  two  short  eye  bars,  which  are 
also  attached  to  the  lower  block  of  the  top 
tackle.  The  backstays,  as  mentioned,  are 
also    connected    to    this    forging,    which    is 


of    instructions,    greater    loads    than    these 
have  often  been  lifted  in  service. 

In   Fig.  6   is   shown  the  arrangement   of 
lines   on   the   car,    also   a    diagram   of    the 


Fig.   9 — Diagram  of    Lines   and      Tackle      for      Traveler. 


the  load  is  to  be  lifted.  The  outer  end  of 
the  outrigger  rests  on  blocking  or  a  jack, 
bearing  against  the  ground. 

To  reduce  the  stress  in  the  boom  tackle, 
the  A-frame  is  made  as  high  as  possible, 
being  as  shown,  21  ft.  %  ins.  over  all  above 
the  top  of  rail.  This  height  is  within  avail- 
able clear  headroom,  but  can  be  materially 


about  as  central  a  connection  as  can  be  ob- 
tained in  a  derrick  car. 

The  boom  is  in  sections  and  has  a  maxi- 
mum length  of  80  ft.  when  assembled.  By 
the  removal  and  substitution  of  intermedi- 
ate sections,  this  length  can  be  reduced  to 
65  ft.,  57  ft.  or  42  ft.  The  thrust  of  the 
boom   at   the   bottom   is    transmitted   by  a 


clutches,  brakes,  etc.,  but  not  the  actual 
construction  of  the  car. 

The  engine  and  propelling  device  on  this 
car  are  of  the  same  type  as  described  under 
the  .SO-ton  car  and  are  operated  in  a  similar 
manner,  e.xcept  that  the  engine  is  50  hp. 

This  car  is  equipped  with  a  large  locomo- 
tive  air   compressor.     With   a   boiler  pres- 


reduced  by  revolving  the  A-frame  back- 
wards around  the  casting  M  (as  shown  in 
dotted  lines)  when  the  car  is  in  transit. 

At  the  top  of  the  .\-frame  is  a  forging 
revolving  on  its  Iiorizontal  axis  and  hav- 
ing bearings  for  its  ends  in  the  A-frame 
and  back  stays.  .\  vertical  pin  passes 
through  this  forging.     To  this  vertical  pin 


Fig.    10 — Elevation    of    Clear    Creek    Viaduct. 

casting  terminating  in  a  spherical  surface, 
to  a  bronze  bushed  socket  forming  a  ball 
and  socket  joint.  The  16  ft.  bars  shown 
at  the  end  of  the  boom  tackle  are  neces- 
sary to  keep  same  clear  of  the  boom  when 
using  long  booms  at  high  elevation.  The 
capacities  of  the  boom  in  various  positions 
are  shown  in  the  table  in  Fig  6.     In  spite 


sure  of  110  lbs.,  this  compressor,  with  the 
assistance  of  two  storage  tanks  located 
underneath  the  car  floor,  will  supply  suffi- 
cient air  at  100  lbs.  pressure  for  the  opera- 
tion of  five  riveting  hammers. 

This  compressor  also  furnishes  the  air 
for  operation  of  the  car  air  brakes;  the 
presence  of  an  air  brake   on  the  car  puts 
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the  movement  of  the  car  at  thoroughly 
umtrr  the  control  of  the  cnginrcr  as  it  is 
when  the  car  is  handled  by  a  locomotive, 
and  this  his  proven  a  valuable  safeguard 
when  moving  the  car  towards  the  end  of 
the  track  on  the  completed  portions  of 
high  structures,  often  on  a  fulling  grade. 

The  car  cab  has  a  rolling  lift  front  door 
and  a  toliliiig  side  door,  which  affords 
ampU'  view  for  the  engineer  and  wide 
openings  for  exit  in  case  of  accident. 

The  two  cars  have  been  employed  for 
over  a  year,  often  for  duties  beyond  their 
rated  capacities,  and  have  given  satisfac- 
tion to  the  lifld  forces  of  the  department. 

The  Blacklail  creek  viaduct,  shown  in 
Fig.  T,  lins  intermediate  spans  of  (>.j  ft. 
A  tower  bent  could  be  placid  with  the 
80-fi,  boom;  the  great  length  of  this  boom 
making  it  possible  to  do  all  this  work  with- 
out outhauling. 

Traveler  for  I'iaducls. — For  structures 
like  the  Tckoa  viaduct,  where  it  was  neces- 
sary to  erect  the  viaduct  on  a  new  line 
before  the  track  had  arrived  at  that  point, 
and  for  high  structures  like  the  Clear  Creek 
viaduct,  where  erection  had  to  be  hurried 
to  completion  before  an  approaching  win- 
ter in  a  country  noted  for  heavy  snow 
falls,  it  was  necessary  to  design  an  erec- 
tion m.ichinc  with  a  capacity  for  the  con- 
tinuous and  economical  employment  of  a 
larger  working  force  than  would  be  pos- 
sible with  the  derrick  cars;  the  increase 
in  working  force  to  result  in  proportional 
increase  in  tonnage  erected  per  day. 

Such  a  device  is  the  traveler,  designed 
by  H.  C.  Lotholz,  shown  in  general  plan. 
Fig.  8,  and  with  a  diagram  of  lines  in 
Fig  9. 

It  was  the  intention  to  use  this  traveler 
at  three  other  viaducts  and  so  further  dis- 
tribute its  cost,  but  this  was  prevented  by 
some  delay  in  the  completion  of  a  heavy 
rock  cut,  where  the  traveler  was  to  be 
erected,  and  by  other  circumstances  beyond 
the   department's  control. 

The  illustrations  of  this  machine  (Figs. 
8  and  9)  show  a  combination  structure  of 
woo<l  and  iron,  which  spans  the  track, 
thereby  permitting  material  to  be  brought 
to  the  traveler  on  flat  cars  as  far  as  L-6, 
Fig.  8,  and  which  also  permits  the  passage 
of  trains  through  the  traveler  immediately 
after  completion  of  the  structure. 

This  traveler  has  a  cantilever  arm  of  ".> 
ft.  and  two  Gfi  ft.  wooden  booms,  making 
a  total  reach  of  about  1°20  ft.  .\s  shown  on 
Fig.  10,  this  reach  makes  it  possible  to 
erect  an  entire  tower  in  advance  of  the 
completed  portion  of  the  structure,  the 
lower  being  stable  in  itself  without  the  use 
of  temporary  braces. 

The  cantilever  arm  is  equippeil  with  four 
trolleys,  each  of  15  tons  capacity.  Elach 
trolley  is  composed  of  a  steel  carriage  on 
rollers,  from  which  are  suspended  two  4- 
sheave  blocks,  rove  up  with  nine  parts  of 
H4  in.  rope. 

.■\  hook  of  10  tons  capacity  was  hung 
from  each   boom   and-  30  tons  of  rail    for 


counter-weight  were  placed  at  the  rear  end 
of  the  traveler.  .Additional  anchorage  was 
provided  by  anchormg  the  traveler  to  the 
girder  with  hooks.  The  traveler  was  also 
anchored  sideways  by  means  of  three  %  in 
hoisting  cable  guys,  on  each  side,  attached 
to  the  top  of  the  traveler.  The  engines 
arc  of  the  same  general  type  as  described 
under  the  3"-ton  derrick  car  except  that 
the  front  shaft  is  omitted  and  the  horse- 
power is  somewhat  less. 

The  following  is  a  rough  description  of 
the  operation  of  the  traveler  and  as  both 
sides  of  the  traveler  arc  alike,  only  one 
side  will  be  described. 

Pirsl.  The  10  ton  hook  at  the  end  of 
the  boom  is  suspended  from  a  four  part 
tackle  of  %  in.  hoisting  cable,  the  fall  line 
of  which  leads  through  the  idUr  sheave  at 
the  top  of  the  boom,  thence  through  a 
snatch  block  at  the  foot  of  the  mast  and 
thence  to  the  lower  drum  of  the  hoisting 
engine,  which  is  operated  by  the  engineer. 

Second.  The  boom  is  raised  or  lowered 
by  a  seven-part  tackle  of  %-in.  hoisting 
cable,  the  fall  line  of  which  leads  through 
a  snatch  block  at  the  foot  of  the  mast  and 
thence  back  to  the  upper  drum  on  engine, 
which  is  operated  by  the  engineer. 

Third.  The  boom  is  swung  laterally  by 
one  five-part  tackle  (on  each  side)  of  1V4 
in.  manila  rope,  the  fall  line  of  which  is  led 
through  a  scries  of  snatch  blocks,  which 
prevents  the  lines  from  fouling  other  parts 
of  the  traveler,  to  the  outside  winch  head 
on  the  hoisting  engine.  Both  of  these  lines 
arc  operated  by  one  winch  head  man. 

Fourth.  Each  of  the  15-ton  trolley  hooks 
is  supported  by  a  nine-part  tackle  of  H4- 
in.  manila  rope,  the  fall  line  of  which 
passes  through  a  snatch  block  of  two  idlers 
at  the  forward  end  of  cantilever  arm  and 
thence  back  through  a  number  of  deck 
sheaves,  which  keep  the  lines  from  fouling 
other  parts,  to  the  inside  winch  head  of 
engine.  As  there  are  two  trolleys,  one  fall 
line  leads  to  each  inside  winch  head  on  tlie 
engine.  This  fall  line  is  also  used  for 
traversing  the  trolley,  there  being  sufficient 
tension  in  the  fall  line,  when  holding  the 
load,  to  move  the  trolley  forward,  the  trol- 
ley being  also  under  the  control  of  the  trol- 
ley tail  line.  One  winch  head  man  is  re- 
quired to  operate  each  trolley  tail  line. 

Fi///i.  The  trolley  tail  line  leads  from 
its  fastening  to  the  trolley,  through  two 
snatch  blocks  to  a  cavel  on  the  deck  of  the 
traveler.  This  arrangement  is  slightly  dif- 
ferent from  that  shown  in  Fig.  9.  In  order 
to  keep  the  trolley  tmder  control  when  it 
is  being  hauled  forward  by  means  of  its 
own  fall  line,  the  tail  line  which  is  snuhlieil 
around  the  cavel,  as  just  mentioned,  is  pai<l 
out  at  the  required  speed  from  the  cavel. 
When  the  trolley  is  being  hauled  towards 
the  rear  of  the  traveler  for  another  load, 
the  trolley  fall  line  and  the  trolley  tail  line 
are  interchanged  from  the  position  just 
described,  the  trolley  tail  line  being  wrapped 
around  the  winch  head,  as  shown  in  Fig. 
9,   and  used  to  haul  the  trolley  back,  the 


trolley  fall  line  being  snubbed  nr'^und  the 
lavcl  and  paid  out  at  the  rc>,  d. 

The  entire  attention  of  one  ma:.  .  .  ,. -:cd 
for  each  trolley  tail  line. 

Sixth.  In  addition  to  the  lines  shown  in 
Fig.  D,  there  are  two  runner  lines  (shown 
on  Fig.  10  and  marked  No.  1  and  No.  2), 
each  of  whi<-h  pa"rs  from  the  load  to  a 
snatch  bloc'  to  a  stump  and  leads 

from  the  m  k  over  the  end  of  the 

traveler  to  the  outside  winch  head  of  en- 
gine, on  which  they  are  operated  simultane- 
ously with  the  swinging  lines.  These  lines 
are  operated  by  one  of  the  regular  men  on 
the  traveler. 

Six  men  have  been  enumerated  in  hand- 
ling lines  on  one  side  of  the  traveler,  12 
men   being   required    for  '  •      Two 

of  these  men  arc  usually  a.  r  hand- 

ling signals,  as  they  are  not  continuously 
employed  with  their  lines.  A  third  signal 
man,  with  the  assistance  mentioned  above, 
transmits  all  signals.  This  gives  a  total 
of  1-3  men  on  top  of  the  traveler;  3*  addi- 
tional men  were  required  to  fill  the  crew 
for  this  work. 

Figure  10  shows  all  lines,  in  operation, 
in  the  erection  of  the  195  ft.  tower  of 
Clear  Creek  viaduct.  The  two  booms  are 
placing  two  columns  with  boom  tackles  No. 
1  and  No.  2;  trolleys  No.  3  and  No.  4  are 
simultaneously  placing  two  other  columns 
lor  the  same  tower;  runner  tines  No.  1  and 
No.  2  are  in  service  ready  to  outhaul  these 
columns  to  their  exact  location ;  trolleys 
No.  1  and  No.  2  are  lowering  to  the  ground 
two  loads  of  sway  bracing,  which  will  aft- 
erwards be  picked  up  and  placed  in  posi- 
tion by  the  runner  lines  No.  1  and  No.  2, 
at  present  running  to  the  stump  and  being 
used  for  outhauling.  This  illustration  also 
shows  a  carload  of  columns  which  have 
been  run  part  way  through  the  traveler, 
which  will  be  lifted  from  the  car  by  the 
trolleys  and  lowered  to  the  ground. 

As  shown,  the  traveler  is  employed  to 
its  maximum  capacity  and  working  50  men. 
The  viaduct,  which  is  210  ft.  from  base 
of  rail  to  ground,  partly  on  a  10  degree 
curve,  was  erected  in  28  working  days  by 
the  forces  of  the  bridge  and  building  de- 
partment under  the  direction  of  F.  J.  Her- 
lihy. 


On  Feb  1,  1909,  the  status  of  work  on 
the  New  York  State  Barge  Canal  was  as 
follows:  Work  under  contract,  194.1 
miles ;  additional  plans  completed,  10«i.2 
miles :  plans  over  75  per  cent  completed, 
"1.9  miles;  other  plans  in  progress,  35 
miles. 


The  U.  S.  Navy  Department  is  again 
calling  for  bids  for  constructing  the  new 
ilry  dock  for  the  Naval  Station  at  Pearl 
Harbor,  Hawaii.  Bids  for  the  work  were 
fipened  De  1  last,  but  were  rejected  ow- 
ing to  lack  of  sufficient  funds  to  constnict 
a  dock  1,200  ft.  long  as  contemplated.  The 
plans  have  been  revised  shortening  the 
dock  to  620  ft. 


276 


ENGINEERING-CONTRACTING 


\'ol.  XXXI.     No.   14. 


Unclassified  and  General  Articles 


Note :  This  section  is  devoted  to  methods  and  cost  articles  on  construction 
work  not  properly  coming  under  any  of  the  preceding  classifications. 


Methods    and    Cost   of  Tunneling  ou 
the  Alaska  Central  Railway.* 

The  work  considered  comprises  seven 
short  tunnels,  ranging  from  193  ft.  to  955 
ft.  long,  located  on  the  Alaska  Central  Ry., 
between  miles  48%  and  52.  Dimensions, 
quantities,  etc.,  for  the  several  tunnels  are 
shown  by  Table  I.  Timnel  No.  1  was  lo- 
cated at  mile  48%,  VA  miles  from  the  end 
of  completed  track,  and  tunnels  Nos.  2  to  7, 
inclusive,   at   mile    52,   5   miles    by   railway 


miles  from  the  south  end  of  tunnel,  and 
carried  on  men's  backs  and  by  horses  from 
there  to  the  tunnel  sites.  The  north  end 
of  tunnel  No.  7  and  its  approach  was  fur- 
nished by  a  roundabout  road  across  the 
Placer  River  glacier  in  the  winter  time. 

Taken  altogether  the  getting  of  supplies 
and  tools  from  the  compressor  to  the  tun- 
nels was  very  slow  and  expensive  on  ac- 
count of  the  precipitous  canyon  sides.  Men 
were  let  down  on  rope  to  start  excavating 
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line  and  3  miles  by  wagon  road  from  the 
end  of  track.  . 

Transportation  was  obtained  for  tunnel 
No.  1  by  a  wagon  road  from  the  end  of  the 
track  to  the  bottom  of  the  hill  at  the  tun- 
nel, and  from  there  materials  and  supplies 
were  hauled  %  mile  up  the  hill  on  sleds. 

Transportation  for  supplies,  tools,  etc., 
for  tunnels  Nos.  2  to  7  inclusive  were  ob- 
tained by  wagon  road  to  compressor,  three 

•Compiled  from  a  paper  by  G.  A.  Kyle, 
read  before  the  Pacific  Northwest  Society 
of  Engineers. 


in  several  places.  A  small  80-ft.  suspen- 
sion bridge  was  constructed  for  the  pur- 
pose of  transportation  and  to  lay  the  4-in. 
pipe  line  from  compressors  to  the  tunnels. 

Rich  and  Harris  had  a  contract  for  all 
grading  and  tunneling  from  51%  to  53%. 
They  began  during  the  latter  part  of  Oc- 
tober and  worked  on  the  approach  cuts  and 
cuts  adjoining  tunnels  Nos.  2,  3  and  7  dur- 
ing the  time  of  their  connection  with  the 
work,  which  accounts  for  the  small  amount 
of  tunnel   work  done  by  them.     As  shown 


IjcIow  they  had  snipped  a  small  air  com- 
pressor with  capacity  of  250  cu.  ft.  air  per 
minute.  Type  C,  Rand  straight  line  com- 
pressor 12x12x16  ins.  with  one  40  H.P. 
boiler,  pipe,  drills,  etc.,  complete,  supposed 
to  operate  in  one  heading  only  at  one  time, 
with  two  3-in.  and  one  little  giant  Ingersol 
Sargent  drills.  The  plant  was  not  set  up 
by  them. 

The  work  that  was  done  on  tunnel  No.  2 
on  the  north  heading  which  was  started  on 
D.=c.  14,  1905,  by  Rich  and  Harris  was 
done  by  hand  drilling.  This  tunnel  was 
driven  about  20  ft. ;  tunnel  No.  3  south 
heading  was  driven  about  50  ft. ;  or  70  ft. 
in  all  by  hand  work,  when  the  company 
took  the  work  over.  The  contractors  had 
established  camps  which  were  used  by  the 
company  later. 

After  the  company  took  the  work  over 
from  Rich  and  Harris,  which  was  about  the 
first  of  March,  1906,  they  continued  to  work 
on  approach  cuts  and  adjacent  work  and 
also  on  the  south  end  of  tunnel  No.  3  by 
hand  work.  In  the  meantime  they  ordered 
additional  plant  to  complete- the  work.  It 
was  decided  that  work  should  be  done  by 
working  in  two  headings  at  one  time  with 
three  3V4  in.  Ingersoll  Sargent  drills  in  each 
heading,  making  six  3%-in.  drills  to  pro- 
vide air  for.  These  require  610  cu.  ft.  per 
minute  of  air  at  80  lbs.  final  pressure  at 
the  drills  and  542  cu.  ft.  at  70  lbs.  pressure, 
so  that  it  was  proposed  to  get  a  compres- 
sor with  a  capacity  of  875  cu.  ft.  of  free  air 
per  minute,  making  the  total  capacity  of 
proposed  plant  625  cu.  ft.  of  air  per  min- 
ute. The  maximum  length  of  pipe  line  was 
to  be  6,000  ft.,  about  which  there  was  con- 
siderable discussion  as  to  the  possibility  of 
condensation  in  the  pipes  during  the  cold 
weather  (which  gets  as  low  as  40  degrees 
lielow  zero  in  the  winter)  ;  also  a  possible 
reduction  of  air  pressure,  and  also  reduc- 
tion in  the  amount  of  air  reaching  the 
drills  But  no  difficulty  was  noticed  in 
actual  practice  later.  Accordingly  the  writer 
was  sent  to  Seattle  to  arrange  with  Mr. 
Browne,  the  Purchasing  Agent,  for  the 
purchase    of    additional    outfit    required    to 


TABLE  II— SHOWING   PROGRESS  ON  ALL  TUNNELS  AND    OTHER  INFORMATION  REGARDING 


Item- 


Tunnel 
No.  1. 

Date  work   commenced Jan.     16-06 

Date  work   finished Oct.       8-06 

Total  days  required  to  complete  tunnel 265 

Date  steam   plant   was  started Jan.     20-06 

Date  steam   plant  was  burned Apr.    14-06 

Total  days  steam  plant  worked 84 

Date   started   air   plant Apr.     28-06 

Date  completion  with  air  plant Sept.    25-06 

Total  day.s  use  of  air  plant 150 

Greatest   weekly    progress 28 

Smallest   weekly   progress 21 

Average   weekly   progress   while   actually   at 

work    

Greate.st  monthly  progress  while  actually  at 

w'ork    

Smallest  monthly  progress  while  actually  at 

work     

Average  monthly  progress  while  actually  at 

work     

Average    daily    progress    figuring    from    time 

air   was   used 

Average  daily  prneiess   hcirinninE-  in  finish.. 
How    built 


24.5 
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92.8 
108 


No.   of  headings  woi'ked  at  once 

Length   of  tunnel 

Bonus  paid  to  all  employes.  50o  per  foot  for 
every  foot  in  each  heading  in  excess  of 
nnniher  of  feet  shown  under  .  ach  tunnel 
per   week   of  seven   days 


2.64 
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and  Air 

1 
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No.  2. 
Dec.     20-05 
May     12-06 
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Tunnel    No.    3 

South  End.    North  End. 
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43 

23 
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Tunnel 

No.  4. 
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Tunnel 
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Tunnel 

No.  7. 
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TABLE  III. -SHOWING  C0X1>F:N8KH   TuTA  U  COST  OK  Tl  NNKLS  I.  i.  i.  i.  i.  i  AND  I. 
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Total..     3.441     4(,;i>li     U.'u',     tivi).M>t.:>l       U'J.ii     16.62     Average  all  tunnela. 


■■•rate  the  six  drills  in  tmim-ls  Nos.  2.  3, 
'■  .md  7.  which  was  to  consist  of  one  com- 
pressor with  capacity  of  37.">  cu.  ft.  of  air 
per  minute  at  I'W  lbs  pressure,  three  40 
n.  P.  boilers,  one  electric  light  plant  to 
light  tunnels  and  camp,  and  the  necessary 
4.  3  and  2M  in.  air  pipe,  etc  .  complete. 

Table  V  shows  the  plant  and  acccs- 
-  irics  used  on  these  tunnels.  In  the  mean- 
time the  company  was  working  on  the  ap- 
proach cuts  to  the  diflfcrent  tunnels,  which 
were  extremely  heavy  and  tlie  outside  work 
from  mile  4T  to  So,  and  drove  the  south 
end  of  tunnel  Ko.  3.  2")  ft.  more  by  hand, 
making  7.5  ft.  in  all  of  this  tunnel  that  was 
driven  by  hand  and  0.»  fl.  in  all  of  tunnels 
Nos.  2.  3.  fi  and  7  that  were  driven  by 
hand,  all  the  balance  being  driven  by  air. 
The  air  plant  for  the  above  tunnels  was 
set  up  and  a  house  built  for  same.  The 
actual  work  of  driving  began  Feb.  28,  1!M)(). 
on  the  north  end  of  tunnel  No.  3  with  air. 
and  was  prosecuted  continuously  until  llie 
work    was    finished. 

Tunnel  No.  1  was  built  by  company 
forces  and  was  begun  Jan.  Iti.  I!">fi.  This 
tunnel  was  driven  entirely  from  the  north 
end  on  account  of  a  snow  slide  on  the 
south  end,  making  it  impossible  to  work 
on  that  end.  as  the  work  was  mostly  done 
in  llie  winter  months.  The  tunnel  is  fi09 
ft  long.  The  first  2.50  ft.  was  driven  with 
steam  power  and  drills.  The  char.icter  of 
material  is  of  a  hard  rocky  slate  and  is  evi- 
dently in  an  ancient  slide  from  the  moun- 
tain>,  as  the  strata  were  badly  broken  up. 
which  caused  a  great  amount  of  ovcrbreak 
outside  of  the  standard  sections,  the  same 
being  27  per  cent.  This  timnel  was  on  a 
14°  curve  and  was  widened  to  give  a  mini- 
mum clearance  of  |C  ins.  for  the  maximum 
length  passenger  car.  The  size  of  the  tun- 
nel was  I"  ft.  wide  between  timbers,  and 
21  fl  from  top  of  rail  to  clear.ince  at  top 
of  liuinel  Timber  was  used  for  3i1fi  ft. 
in  the  north  end.    The  balance  was  left  un- 


linid,  but  later  had  to  be  lined  nearly  its 
whole  length  at  an  extra  high  cost,  which 
is  not  included  in  the  costs  as  shown  in 
tables. 

The  steam  plant  used  in  driving  the  first 
2.50  ft.  of  the  tunnel  was  1  40  HP.  boiler.  1 
10  HP.  boiler;  3  3>i-in.  Rand  drills  were 
used  in  the  heading.  The  work  carried  on 
with  the  following  force  in  each  shift  of 
10  hours  (although  work  was  carried  on 
with  day  and  night  shifts  during  a  short 
period)  : 

I   Foreman, 

3  Machine  drillers. 

3  Machine  driller   helpers, 

I    Muck  boss, 
I<t  Muckers,  2  in  head  and  8  on  bench, 

1   Light  tender. 

1   Man  on  dump. 

1  Man  on  cars, 

I    Horse, 


There  were  used  in  blasting  21  or  22 
holes  in  the  heading  S  to  10  ft.  deep,  and 
the  bench  was  taken  out  in  two  lifts  gen- 
erally. The  heading  was  run  from  40  to 
00  ft.  ahead  of  the  bench  and  scaffolding 
used  to  dump  the  muck  from  heading  di- 
rectly into  the  cars  from  above,  two  plank 
runways  supported  on  trestle  being  used 
for  the  purpose. 

The  steam  plant  was  discontinued  on 
.April  14,  1906,  as  the  heat  from  the  es- 
caping steam  at  the  drills  made  the  tun- 
nel too  hot  for  the  men  to  work.  The 
progress  with  the  steam  plant  was  satisfac- 
tory with  the  above  exception  and  seemed 
to  be  about  the  limit  that  steam  can  be 
used  economically,  viz ,  2-50  ft.  from  the 
end  of  tunnel.  The  steam  was  carried 
from  the  boilers  to  the  drills  in  a  2V4-in 
pipe   and   the   escaping   steam    was   carried 


TABLE  v.— SHOWIXU    EQUIPMENT  ,LSEl)    ON    Tt  NNKLs. 
NOS.    2.    3.    6   ANLi   7 
1  40  H.   P.  Economy   t)oll«T  complete  with  stack   and  lnJ<'<'tor 
3  40  H.   P.  return  I'ubuliir  bollf-r!'  ■n-lih  stack  and  Injector. 
J  4V4"x3"x4"  Gardner  duplex    '      '         'r  heater. 
1   100  H.   P.  Wats>n'»  fi-.d  »  r. 

1   14"xl1"x22"  Type  C  KiumI  •  =     capacity  .'.7:.  fl.    fret-  air 

pre.ssure. 
I   12"xrj"xl6"  Type  C  Rand  compressor,  capacity  250  ft.  free  air 

pre».sure. 


250  ft.   2"  K»»  pipe. 
Rand  drIllH 
Rand  drills. 
InKermill  drIllK. 


2  S%" 

2  3%' 
!<  .V4- 


1  30"xS'  air  receiver. 

I  30"xl0"  air  n-oelviT 
2000  ft.   4"  guH  pipe. 
3000  ft.  3"  BBS  pipe. 
3000  fl.   2H"  K"s  pipe. 
9  columns  complete  with  arms 
6  tripods. 

2  Little  Jap  drills  with  columns  complete. 
13011  ft.   I"  air  hose. 

.'.'.oil  lbs.   X  drill   steel. 

2  liliii-ksMillh  outllts.  Pipe  tools, 

lirlll   repair  parts  Pipe  nttlnK" 

Kxtra  ritelvinK  and  dIseliarBe  valves  for  eaeh  compressor. 


1   Fngincor. 

1   Fireman, 

1  BLicksmitb. 
Making  24  men  and  1  horse  per  shift. 

The  timbering  was  not  kept  up  with  the 
bench,  as  the  material  stood  sufficiently 
well  for  the  men  to  work,  although  it  was 
considered  dangerous  at  time« 


from  the  drills  back  out  of  the  tunnels 
in  a  2-in  pipe  enclosed  in  a  wooden  box 
with  the  2\4-in.  steam  pipe  to  decrease  the 
heat.  The  progress  during  the  84  days  that 
the  steam  plant  was  used  was  2-50  ft ,  and 
the  progress  made  while  the  air  drills  were 
working  was  al>out  26  ft.  per  day,  so  that 
about  the  same  progress  was  made  during 


1  ABLE  VI 

VI  1^     1     ■. 


I 


S     FOR     Tl'NNELS 
....     ...    ....:......     :.  IN  TUNNEL  NO.   1 

$20.00  per  M.  ft. 

■  —.  ordinary  socllon  3.00  per  cord. 

•■.  Inme  s<H-tlon 4.00  per  cord. 

■     "1     II   ft    seen....  14  r.O 

I    14  ft    sr.  •  fi.nn 

I    15.5  ft.  4.75 

per  rii     vd    lift     ••■rllon 14.50 

.  .■    lnrliid"<l    nil    hilHir.    exploF  Company    fur- 

.ind  track  and  liiir«es 


>r>  AT 

■.E 


l>>'namllc.   70 

1  HI'. mill.-     >'.ip 

UV    CUillANV    tXJUCl 

per  cent 

iier  cent. 

\  iwi  11. 
Trlnilff 
raps 

-   ler      ... 

Eleetrle  expio 

.!                             I'la.  avenii; 
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TABLE    VIII.— SHOWING  CONDENSED  ITEMIZED  COST  OF    TUNNEL  NO.  1. 


Item. 

Compressor  and  steam  plant 

Fuel  compressor  and  steam  plant 

Engineers  and  firemen  compressor  plant 

Total   compressor  plant 

Pipe  line  connections,  etc 

Grand  total  compressor  plant 

Lighting    tunnel    

Blacksmithing    ■ 

Labor  on  excavation  

Explosives    

Material  used  in  exc'vat'n  for  scaffolding,  etc 

Roads   and    trails 

Timber  lining    

Engineering  and  superintendence 

Total   cost   of   tunnel 


Total  Cost. 

Mat.  Lab. 

2,453.76  302.10 

2,340.93  1,696.00 

2,192.00 

4.794.69  4,090.10 

1,4S2.S5  160.00 

6,277.54  4,250.10 

1,510.30  1,497.20 

454.00  3,998. 68 

55,501.70 

8,629.00  

1,652.30  179.20 

1,200.00 

3,480.95  ,4,351.69 

3.800.00 

22,004.09  74,778.57 


Cost  per  Cu.  Td. 

Total.  Mat.  Lab.       Total. 

2.755.S6  0.189  0.023  0.212 

3,936.93  O.lSl  0.123  0.304 

2.192.00  0.169   ■      0.169 

8,884.79  0.370  0.315  0.685 

1,642.85  0.114  0.012  0.126 

10.527.64  0.484  0.327  O.Sll 

3,007.50  0.116  0.116  0.232 

4,452.68  0.035  0.309  0.344 

55,501.70  4.288  4.288 

8,629.00  0.668        0.66S 

1,831.50  0.128  0.014  0.142 

1.200.00  0.093  0.093 

7.832.64  0.269  0.336  0.605 

3.800.00  0.294  0.294 

96,782.66  1.700  5.777  7.477 


Cost 

per  lin. 

Cost  per  Lin. 

Ft. 

(t.  of  hole 

Mat. 

Lab. 

Total. 

drilled. 

3.510 

0.433 

3.943 

0.134 

3.346 

2.282 

5.628 

0.192 

3.136 

3.136 

0.107 

6.856 

5.851 

12.707 

0.433 

2.121 

0.229 

2.350 

0.079 

8.977 

6.080 

15.057 

0.512 

2.161 

2.142 

4.303 

0.649 

5.720 

6.369 

79.401 

79.401 

12.345 

12.345 

2.364 

0.256 

2.620 

1.717 

1.717 

4.979 

6.226 

11.205 

5.436 

5.436 

31.475 

106.978 

13S.453 

TABLE  IX.— ITEMIZED  COST  OF  TUNNEL  NO.    1.     COST  OF    COMPRESSOR   PLANT. 


Items. 


Lighting  compressor  house,  125  gals,  oil  at  40c 

Dep.  of   boilers  comp.  plant  drills,   etc..  30%  of  original  cost  at   end  of 

track    

Lubricating  oil  for  compressor 

Freighting  machinery  for  plant,  25  tons  at  50c  per  ton  mile 

Lubricating  oils  for  drills ' 

Machinist  repairing  plant 

Building  for  compressor  plant 

Total 

266  tons  coal  at  end  of  track,  at  $8.80  per  ton 

Freighting  266  tons  coal  from  end  of  track,  at  50c  per  ton  mile 

Miscellaneous  labor  hauling  coal  and  ashes  8  mos.  at  $85.00 

Horses,   hauling  coal  and  ashes  8  mos.,   at   $48.00 

Total  haul   

5  mos.  engrs..   at  $250  per  mo.   (2  men) 

150  davs  firemen,  at  $3.00 

82  days  firemen,  at  $6.00  (2  men) 

Total   engineers  and   firemen 

Dep.  of  pipe  line  and  fittings,   60%  of  1st  cost 

Hose  and  parts,  1st  cost 

Laying  pipe  line.   800  ft.   at  20c 

Total  pipe  line 

Grand   total   compressor   plant  and   pipe 

Lighting  Tunnel — 

Candles    

Coal  oil   

Gasoline     

Buckeye  lights  and  torches,  dep..  50% 

Freight  hauling  17  tons  4  miles,  at  40c  per  ton  mile 

Labor,   245  days,  attended  lights,    $6 

Total  cost  of  lighting  tunnel 

Blacksmithing — 

265  days,  at  $9.00   (2   men) 

14.8  tons  coal,  at  $20  per  ton.  at  end  of  track 

14.8  hauled  from  end  track  to  tunnel,  at  40c  per  ton  mile,   =  $1.60  per 

ton    

Depreciation  of  tools,   50%i  of  1st  cost 

Total  blacksmithing 

Engineering    

Superintendence    

Total   engineering  and  superintendence 

Bonus    

Labor,    including  shift   bosses 

Horses,  496  days  at  $1.50 

Total  labor  in   tunnel   excavation 

Explosives,  powder   

Fuses,  caps,  exploders,  lead  wires 

Total  explosives  

Tools,   hand    

Tools,  drill  steel,  dep.  50%  1st  cost 

Cars,   tracks,   dep , 

Miscellaneous  hardware  and  sundries 

Lum'ber  for  scaffolding  and  miscl.,  39.383  ft.  B.  M.,  at  $12.00 

Hauling  above  material,  112  tons,  at  $1.60 ■. 

Total  material 

Total  making  roads  and  trails 

Total  excavation   

Total  timber  lining  (see  H-2) 

Total  cost  of  tunnel 

Tunnel,  699  ft.   long.     Excavation,  12,986  cu.  yds.     Timber,  396  ft. 


Mat. 
50.00 


2.127.76 
60.00 


-Cost.— 
Lab. 


32.00 

is4.'oo 

2,453.76 


50.00 


106.50 
145.60 


C02.10 


2,340.93 


532.00 
680.00 
384.00 


Total. 
50.00 

2,127.76 

60.00 

50.00 

32.00 

106.50 

329.60 

2,755.86 

2,340.93 
532.00 
680.00 
384.00 


Per 

Mat. 
0.072 

3.044 
0.086 


Lin.  Ft 
Lab.     ' 


0.046 
0.262 
3.510 
3.346 


0.072 


0.153 
0.208 


Total. 
0.072 

3.044 
0.086 
0.072 
0.046 
0.153 
0.470 


0.433       3.943 


0.761 
0.972 
0.549 


3.346 
0.761 
0.972 
0.549 


2,340,93      1,596.00     3,936.93      3.346       2.282       5.628 


1,250.00 
450.00 
492.00 


1,250.00 
450.00 
492.00 


250.77 
1,232.08 


2,192.00     2,192.00 


250.77 

1,232.08 

160.00 


1,482.85 
6,277.54 


493.00 
729.00 
209.00 
79.30 


160.00 

160.00 

4.250.10 


0.359 
1.762 


1.78S 
0.644 
0.704 


1.788 
0.644 
0.704 


3.136       3.136 


27.20 
1,470.00 


1,642.85 
10,527.64 


493.00 
729.00 
209.00 
79.30 
27.20 
1,470.00 


8.977 


0.705 
1.043 
0.300 
0.113 


0.229 
0.229 
6.080 


am 

— Pe 

Mat. 

0.004 

■Cu.  Yd. 

Lab.  Total. 
0.004 

Oo 

0.003 

0.164 
0.005 

6.002 

o.'dii 

6.004 

o.'dos 

0.011 

0.164 
0.005 
0.004 
0.002 
0.008 
0.025 

0.104 
0.003 
0.002 
0.001 
0.005 
0.016 

0.189 

0.023 

0.212 

0.134 

0.181 

6.'d4i 

0.052 
0.030 

0.181 
0.041 
0.052 
0.030 

0.114 
0.026 
0.033 
0.019 

O.lSl 

0.123 

0.304 

0.192 

0.096 
0.035 
0.038 

0.096 
0.035 
0.038 

0.060 
0.022 
0.025 

0.169 

0.169 

0.107 

0.019 
0.095 

6.012 

0.019 
0.095 
0.012 

0.012 
0.060 
0.007 

0.114 

0.012 

0.126 

0.079 

0.484 

0.327 

O.Sll 

0.512 

0.039 
2.103 


0.359 
1.762 
0.229 

2.350 

15.057 


0.705  0.705  0.038 

1.043  0.056  0.056 

0.300  0.016  0.016 

0.113  0.006  0.006 

0.039  0.002  0.002 

2.103  0.114  0.114 


1.510.30      1,497.20     3,007.50     2.161        2.142       4.303   0.116    0.116   0.232 


3,975.00 


5.686 


0.034 


3,800.00     3,800.00 


1,475.60 

53,282.10 

744.00 


1,475.60 

53,282.10 

744.00 


55,501.70   55.501.70 


5.720 
2.861 
2.575 

5.436 

2.111 

76.226 

1.064 

79.401 


7.880.00 
749.00 

8,629.00 

135.20 
221.50 
389.00 
428.60 
478.00 


880.00 
749.00 


11.273 
1.072 


8,629.00   12.345 


1,652.30 


135.20 
221.50 
389.00 
428.60 
478.00 
179.20 

1,831.50 

1,200.00 


0.193 
0.317 
0.556 
0.614 
0.684 


0.256 


2.364        0.256 


1.717 


10,281.30 

3,480.95 

22,004.09 


179.20 

179.20 

1,200.00 

56,880.96 

4,351.69 

74,778.57   96,782.66   31.475    106.978 


67,162.26    14.709      81.374 
7,832.64     4.979       6.226 


5.686 
0.423 

6.023 

0.307 

0.307    

0.023    

0.034 
0.226 

6.'6l2 

0.002 

0.002    

0.012    

6.369 
2.861 
2.575 

0.035 

0.309 
0.155 
0.139 

0.344    

0.155    

0.139    

5.436 

0.294 

0.294    

2.111 

76.226 

1.064 

0.114 
4.116 
0.05S 

0.114    

4.116    

0.058    

79.401 

4.288 

4.288    

11.273 
1.072 

0.609 
0.059 

0.609    

0.059    1 

12.345 

0.668 

0.668    j 

0.193 
0.317 
0.556 
0.614 
0.684 
0.256 

0.011 
0.017 
0.030 
0.033 
0.037 

O.'dii 

0.011    

0.017    

0.030    

0.033    

0.037    

0.014    

2.620 

0.128 

0.014 

0.142    

1.717 

0.093 

0.093    i> 

96.083 

0^69 

0.336 

0.605    

11.205 

138.453 

1.700 

5.777 

7.477    

April  7,    Kif«> 
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T.Mtl.K   X.— SlIoWlNi;   ITKMl/.KI'  (  ( i-i  1    i.l-    1  I  \i  i:ii!l  v<;   3»»   FT.     OF   Tl'XNEL    NO.    1. 

-t.  Per  Lin.  Ft. 

Ii.  inn.  Tolul        Mai.       Ijnti.     Total.  Prr  CU 


't'utmt    cord    wihmI 

•."'  '•     "     N!     • -r.  al   J..  . 

r.'at  "iiJ 

1'otal    (or    timber    

TotuI   for    I4S   n.   Iln.   Ilnlnic 

t'onlmct    for  Ui   Iln.    ft— 

"•-     It    Sc 

.1    

I    timber,  ni  tl2.  at  end  of  track. 

.,      ,.     M     tlmbrr.    at    »20 

•  r    friiinrtl   on    hand    


tl    (liiilirr    for    !4!i    ft.    tunnel. 


47.«0 

S67.7S 

I.27S.36 

2.130.60 
84.00 

47.60 

667.70 

1.278.36 

2.1-:...-... 

5.1S4 

1.S9S.72 

2.214.60 

4.: 

99.74  curda  wood,   at  t4.  latmr 

■ ' '■'    cord*   wood,   at    13.    labor 

corda  wood,   at   )3,    iiintt-rlal   end   track. 


...1.1I  eorda   wood  back    lUllnR 
Coat   of   24S   Iln.    ft.    Ilnlns. . 
Total    for   396    Iln     ft       innel    llMlnK. 


570.90 


398.96 
271.68 


570.90        670.64 


2.564.62     2.885.24 


l.:4.,... 



5.449.86 

10.341 

8.790 

Total  for  699  Iln.   ft.   tunnel  llnlnfc. 

Total    length   of  tunnel.   699  ft.        Cu.    yds.   In   tunnel.   12.986. 


Total   length  ilmbernl.  396  ft. 


4.97 


11.634 

1' 


the  steam  plant's  operation  as  with  the  air 
'  '  which  was  '26:2  ft.  This  might  be 
ntcd  for  hy  the  fact  that  from  the  time 
il..it  ihc  steam  plant  was  discoiitimicd,  .\prii 
U.  nm.  until  .\pril  -28,  l!»t)C  (14  days), 
when  the  air  plant  was  started,  there  was 
not  much  work  done  in  the  tunnel  except- 
ing to  work  on  the  bench,  which  was  con- 
siderably behind  at  that  time.  From  the 
time  the  air  plant  was  installed  until  Sept. 
i't.  liKKi,  l.V)  days,  the  tunnel  was  worked 
continuously  and  was  practically  finished. 
The  time  from  Sept.  2o  to  Oct.  B,  the  time 
thnt  the  tunnel  is  shown  as  completed  in 
II,  was  employed  in  dressing  up  and 
,  icting  the  timl)cring  of  tunnel.  The 
.ictual  days  worked  on  the  tunnel  were  234, 
making  the  actual  progress  while  work  was 
going  on  .3  ft.  per  d.iy.  Considerable  trou- 
ble was  had  in  keeping  the  force  up  to  the 
st.nndard  number  in  this  tunnel  on  .iccount 
of  the  dangerous  character  of  the  rock. 
Table  IX  shows  in  detail  the  cost  of  this 
tunnel  in  general,  which  includes  timber- 
ing: 
Total  cost  of  tunnel  Xo.  1  per  lineal 

foot    was    $138.46 

Including  co«t   nf  timbering  396   ft. 

which  cost  11.21 


Total  cost  per  cu.  yd 7.46 

Including  cost  of  timbering  396  ft., 
which    cost    .29 

Leaving  actual  cost  per  cu.  yd.   for 

excavation    $7.17 

The   average    amount    of   dynamite 
that     was    used    per    lineal     foot 

equals  63.3  lbs. 

Per  cubic  yard  excavation  in  tun- 
nel equals   3..57  lbs. 

Per  lineal  foot  of  hole  drilled  in  tun- 
nel equals   2.23  lbs. 

Referring   to    the   statement   of   air   and 
steam  plant : 
The  cost  per  lineal  foot  of  tunnel  is.  $15.06 

Per  cubic  yard  in  tunnel  is 81 

Per  lineal  foot  of  hole  drilled  is 51 

To  get  the  actual  cost  of  drilling  there 
must  be  adcd  the  wages  of  the  drillers  and 
helpers,  which  will  make  the  amount  to 
add  to  the  above  item  as  follows : 

Per  lineal  loot  $7.03 

Per  cubic  yard .38 

Per  lineal  foot  of  hole  drillcl 23 

Making  the  total  cost  of  drilling  as  fol- 
lows : 


Returning  to  the  tunnels  on  mile  52,  as 
stated  before,  the  actual  work  of  driving 
tunnel  Xo.  2  by  air  was  beeun  Feb.  2".  \9<)6. 
and  finished  May  12.  '  ring  81  days 

to   complete    the    ren  '•<   ft.    or    an 

average  of  3.46  ft  per  day. 

Tunnel  Xo.  3  was  driven  from  both  ends ; 
from  the  south  end  529  ft.  and  from  the 
north  end  426  ft.  by  air  drills :  75  ft.  of  the 
south  end  was  driven  by  hand,  and  the  re- 
maining 4.>1  ft.  by  air  drills.  Work  on  the 
south  end  began  with  the  air  drills  on  Feb. 
20.  1«I06,  and  finished  July  II,  1906.  The 
north  end  was  l)cgun  Feb.  28  and  finished 
July  II,  I'»06,  an  average  of  3.20  lin.  ft.  per 
day  on  the  south  end  and  the  same  on  the 
north  end. 

Tunnel  Xo.  6  was  begun  with  air  June  18, 
1906,  and  finished  Oct.  15.  1906,  requiring 
120  days  to  finish  at  an  average  per  day 
of  1.61  lin.  ft.  The  slow  progress  of  this 
tunnel  is  evidently  on  account  of  the  lack 
of  power  to  run  three  headings  at  a  time, 
as  they  were  working  in  tunnel  Xo.  7  at 
both  ends  at  the  same  time,  and  it  was  im- 
possible to  carry  all  the  headings  on  full 
force  at  onr<- 


Leaving    actual    cost    ul    excavation 

per  lino.il   i-^nt  SI???"; 


lAlti.r.     .\l         ."^n«  '  %\  I  .\' .      r.'V    11    .*ir..Si       «    .-.r.i'     r-'iv       li    NNI'.l. 

XO.  1 

1    4n    |{     p    nr>'hnx.    watrr    iMitiom    iMillcr   with    alack    Injector  and 


I 


4uO  ri 

1.-.n  ft 


.inklln  atmlKlil  llnr  nir  comprruor.  atcam  driven, 
ft    of  <ilr  per  RilnutF. 
■"  recolvfr. 

l>e. 

:ubtMT  lllr    I  "-• 
rubber  ul(    '  — 


TABLE  Xn.— 8HOU  . 


Ilt-ma. 

Comprpiiaor.    bollera.    dt 

prccltillon.     clc t  2  t 

Ku.'l    3.'.' 

Kni." '<     and 

2.I. 

I'll                                 ■;'>,  de- 
1" 


I  I  1....1 
?.  ("oluniTiH 
.'■  .\rtn^ 

1  11. »     .\   .■< I 

1:1.1.  kHriiltli    •iiillll. 
ni>.'   I.iola. 

ripi-  ntiincK 

Ki-IMilr  imrm  for  drilla. 


T<" 
K.. 

t'u 

Ml 
I'll 
l.l> 

Oil 

tnl 


T.iinl 


' '  >r 

l"i> 

Kt 

■■  nni 

il     of  nnii.ra 

t  Ii! 

.11, . I  Jl 

[.;i..r» 

Total 

»::v"9 

1  19 
.74 

■RESSOR  8T.AT 

ISTIi-S 

OF 

NO.   1. 

Per  Iln. 

Per  III! 

ft   .if 

Per 

ft    of 

Prr 

day. 

lunni-l. 

cu.  yil 

13.94 

to  21 

to.  13 

5.63 

030 

.1» 

3.14 

0.17 

.11 

7  T. 

tt  11 

.OS 

~51 

.20.740 

...    1,60 

.,  o«3 

.29.7 

..1S6 

699 

Pt 
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T\BLE   XIII.— SHOWING    CONDETSSED    ITEMIZED    COST    OF    TTNXELS  J.  3.   ij  AND  7. 

Cost 
Items  Mat.  Lab.         Total.       Mat.     Lab.     Total.    Cost  per  Cu.  Yd.  lin.ft. 

Total  Cost. Cost  per  Lin.  Ft.—    Mat.  Lab.  Total,   hole. 

Compressor   Plant — 

Macliinerv   dep     liglitin.:.    frt     on   same,    etc So. 204. SI         $525.80      $5,730.61      2.571        .260      2.S31      .206     .020     .226     .092 

Fuel    for  "compressor      '  8.904.00       4,026.00      12,930.00      4.399      1.9S9      6.3SS      .352      .159     .511      .210 

Engineer  and  nreman 3,470.00       3,470.00      1.714     1.714      ....     .137     .137     .056 


Kxcavating — 

Tools                                .                       1.453.57            1.453.57  0.718      0.718  .057    057 

I^bor  '            107,800.75  107.800.75      53.261  53.261    4.261   4.261 

Roads   arid   trails 1,600.00  1.600.00  791  .791    0.063      .063 

Explosives    cap  and  fuse 16,829.61           16,829.61  8.315      8.315  .665    665 

Lumber     etc           ' 1,772.07  540.00  2.312.07  .875  .267  1.142  .070  .021     .091 

Engineering  and   superintendence 6,135.70  6,135.70      3.031  3.031  242     .242 


•Total   excavation    20,055.25    116,076.45    136,131.70     9.909   57.350   67.259      .792    4.587    5.379 


Total  lighting  tunnel 2,947.92  1,552.50  4,500.42  1.457  0.767  2.224  .116      .061      .177    

Total   blacksmithing   607.21  5,316.55  5,923.76  0.300  2.627  2.927  .024      .210     .234    

Total  cost  tunnels  2,  3.  6.  7 39.475.13  132.417.54  171,892.67  19.504  65.423  84.927  1.559    5.232   6.791    

'Note: — Cost  of  excavation  includes  cost  of  operating  drills,  labor   and  repairing  of  drills,  etc. 
Compressor  machinery — 

fl)   Dep.    compressor  plant,    interest,    etc.,  30%   1st  cost 4,860.91           4,860.91  2.402      2.402      .192    192  .088 

Lubicating    oil    for   compressor 63,90           63.90  0.032      0.032      .003    003  .001 

Compressor  building       230.00  190.00  420.00  0.113  0.094  0.207  .009      .007      .016  .007 

Machinist   labor   repairing    plant 185.80  185.80      0.092  0.092 007      .007  .003 

Freighting  machnierv.  60  tons,  at  $2.50  per  ton 150.00  150.00      0.074  0.074 006      .006  .002 

Lighting  compressor  building,   125  gals,   coal  oil,  at  40c 50.00           50.00  0.024      0.024      .002    002  .001 

Total  compressor  machinery 5,204.81  525.80  5,730.61  2.571  0.260  2.831  .206     .020      .226  .092 

(4)   Pipe  and  fittings,  60%  1st  cost,  for  dep.  and  interest 1,138.99           1.138.99  0.563      0.563      .045 045  .019 

Hose  and    parts    497.10           497.10  0.246      0.246      .020    020  .008 

Lubricating  oil  for  drills 119.85           119.85  0.059      0.059      .005    005  .002 

Laying  pipe  line  from  compressor  to  tunnels 1,362.74  1,362.74      0.673  0.673    054      .054  .022 

Hauling  35  tons  pipe,  at  $2.50  per  ton 87.50  87.50      0.043  0.043    003      .003  .001 

Total   pipe  line 1.755.94  1.450.24  3,206.18  0.868  0.716  1.584  .070      .057     .127  .052 

(2)  980  tons  ccal  at  end  of  track,  at  $8.80  per  ton 8.624.00           8,624.00  4.261      4.261      .341 341  .140 

980   tons   hauling,   at  $2.50 2.450.00  2,450.00      1.211  1.211 097      .097  .040 

Miscellaneous  labor  hauling  coal  and  ashes.  8  moE.,  at  $125 1,000.00  1,000.00      0.494  0.494    039      .039  .016 

Firewood 280.00           280.00  0.138      0.138      .011    Oil  .005 

Horses  hauling  coal  and  ashes,  at  compressor.  S  mos.,   at  $72.00 576.00  576.00      0.284  0.284    023      .023  .000 


Total    fuel    for    compressor 8,904.00       4.026.00      12,930.00     4.399      1.989      6.388     .352      .159     .511      .210 


(■3)   E'ngineers.   8   mos..  at   $250  per  month 2,000.00       2.000.00      0.988     0.988 079      .079      .032 

2  firemen,  245  days,  at  $6.00  per  day 1,470.00       1,470.00      0.726     0.726    858      .058     .024 


Total   engineers  and  firemen 3.470.00       3,470.00      1.714      1.714    137     .137      .056 


E.xcavating — 

Bonus  3.749.50  3.749.50  1.853  1.853  14S2.14S2\ 

Labor,  including  shift  bosses  and  muck  bosses 102,911.25  102,911.25  50.845  50.845  4.0676  4.0676 

Horses  on  cars,    etc 1,140.00  1,140.00  0.563  0.563  0451    .0451    . 


Total     labor    on    tunnels 107.800.75    107.800.75      53.261   53.261    4.2609  4.2609 


Total    roads   and   trails 1,600.00       1,600.00      0.791      0.791    0633   .0633 


Explosives— powder    15.367.37  15.367.37      7.593      7.593 

Fuse.  caps,  exploders,  lead  wire,  etc 1.462.24  1.462.24      0.722      0.722 


Total  explosives    10,829.61  16,829.61      8.315      8.315 


Hand  tools 263.50  263.50     0.130      0.130 

Drill  steel  50%  original  cost  for  dep 432.85  432.85      0.214      0.214 

Cars,  tracks,  etc.,  depreciation 757.22  757.22      0.374      0.374 


Total  tools  1,453.57  1,453.57      0.718      0.718 


Miscellaneous  hardware  and  sundries 838.03  838.03     0.414      0.414 

Lumber  for  scaffolding.  77,837  ft.  B.  M..  at  $12.00 934.04  934.04      0.461      0.461 

Hauling  216   tons  lumber  at  $2.50   per  ton 540.00  540.00      0.267      0.267 


Total    lumber   and    hardware 1.772.07  540.00       2,312.07      0.875     0.267     1.142 


Superintendence 2,535.70       2,535.70      1.253      1.253 


Engineering    .    3,600.00       3,600.00      1.778      1.77S 


Total   Engineering  and  Superintendence 6.135.70       6,135.70      3.031      3.031 


Total  cost  of  excavating 20.055.25    116,076.45   136,131.70     9.909    57.350   67.259 


Candles 960.12           960.12  0.474      0.474 

Coal  oil    1.424.35           1,424.35  0.704      0.704 

Gasoline    408.45           408.45  0.202  ...,.  0.202 

Buckeye  lights  and  torches  50%  original  cost  dep.  and  interest 155.00           155.00  0.077     0.077 

Hauling  33  tons  at  $2.50  per  ton  (5  mi.) 82.50  82.50      0.041  0.041 

Labor  attending  lights,  245  days  at  $fi 1,470.00  1,470.00      0.726  0.726 
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Total  lighting  tunnel 2,947.92        1,552.50       4.500.42     1.457     0.767     2.224     .116      .061      .177 


Blacksmithing— 

284  days  blacksmithing  at  $4.50 1,278.00  1,278.00  0.631  0.631 050     .050 

500   days   blacksmithing  at    $4.00 2.000.00  2,000.00  0.988  0.988  -.079      .079 

663  days  blacksmithingat  $3,00 1.989.00  1,989.00  0.983  0.983 079      .079 

19.82  tons  hlacksMiith  coal  at  $20.00  end  track 396.54           396.54  0.196  0.196  .016    016 

19.82    tons    freighting   same,    $2.50    per  ton 49.55  49.55  0.025  0.025  002      .002 

Blacksmith  tools,  dep.  50%  cost 210.67           210.67  0.104  0.104  .008 008 


Total  blacksmithing  607.21       5.316.55       5,923.76      0.300     2.627     2.927     .024      .210      .234 


Total   cost    tunnels   2-3-6-7 39.475.13    132.417.54    171,892.67    19.504    65.423    84.927   1.559    5.232    6.791    . 

Total   length   of  tunnels   2-3-6   and   7.   2.024   ft.    Total  cu.  yds.  excavation  2-3-6  and  7,  25.850.     Total  lin.  ft.  holes  drilled  2-3-6  and  7.  61. 
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_                 • ,-.     .,..,.,  .    ,„...,.  ^,       ^                      Tiri.       r>           .J          .u.  i«k«n  aa  a  crli«Tlon   of   what   lliey   may   b* 

ENQINEERiNU-COMRACriNG  The  Engineers  Who  Reported  on  the                                         „„ 

\  Wwkiy  "MctiKvi.  anj  co.<"  Journal  Pananoa    Canal    Are    Each  oi*- 

.0.   c.v>I   Eu^..,oc.-.  -.J   Cont,..tur..  lUted  at  24  H.  C.  P. 

vrm  «uii~H  la  (\iitvi>Eb 

RNmNfspuiNii    WODI  n  ^^''    ""**    ''^''"    ''"■    '•''"■•"    MTi'iK   <|uota- 

CnuincCKinu     wuklu  ^^^^^  ^^^  ciiKinccr's  rcportv      Fifteen   thou-  »    '■"«••    number    uf   «t,-                      .r   uii.rt- 

,...,.  h.,  .v.,v  w....  uv  >.v  .,„j  j„„3,^  ,„  ,„  be  paid  to  the  MX  cngi-       "J^^'^'^  ;™''   ' ;"„;  ™y 

THE  M^Kl.N  C.  CURk  PLBllSniNO  CO.  „,„,„ ho  accompatmd    President   Taft   to  TlZl  by  1,                                        -,  a  rTn 

JJi  Dc.rlK.ro  !,ir«i.  thk.tu  p;,naina  to  settle  finally  the  question  as  to  per  ni  to  briiu 

V        V        7"!."^°.  P^rk  R^w  'he-  tvpe  of  canal,  for  the  t>l.e  ( sea  level  or  Thin   ,.,ln.                         -   oul  .,ul.r  forcibly 

N«w  ^OllK  Driicn:     lJ-;i  P»rk  Row  ■'                                                ,           ,            /    .            In  two  |.ai..-r»  ; i  ;il  n  mM-ttnn  of  the 

T>.>P».».  MH  cwtiMU. I.K-k)  wa>  c.ntmKcnl  upon  the  safety  of  the  ,j^^,_^_^   ^^^.,,.,j    ,_f  ,.,^,|    ^^,^.,„....„  ,.,   ^.,„^h 

~  proposed  liatun  dam.                                                     D,,,    wrlt<-r    wu"    i.r<-»iiii       i  >i f    Dir    pa- 

"            '"^'ll\UER"l                 Mawaoikg  Bono*  1  hesc   entjincers   were   selected   upon   tne  pera  ho*  b«n  pui.ii.i.wl  rermtly  In  another 

c;i.;.    --   HILL.          I               .    _,„„„,„..  assuinption-wc     assume-that     no     higher  contraotlnu    Jouriuil.    but     -The   Contractor- 

r   T    ML'RRKY            I      '     •    A»sociAT»  UoiTOM  ...             ,,  ,      /         I  ■       t.       •     1 :  '><-l<l   the  poalllon   ihBt   th<-  niciir<ii  contained 

F.A.SUITH               J  .luthonties  could  Ik-  found  ,n  the  cml  engi-  ,„,„,„,„,,,„„,    ^,„..„,j,„^       The    paper 

MVRO\  C   CL.ARK P«h»ioiiwt  necrinK   profession.     They   are    now    to   be  ,„„l^  ^p   ,,,^   mnttrr  of   mnkinie  anj  driving 

A.  B.  (jlLBERT    ....    Adv»»ti«ino  MtsA..g>  ^^^^^^  $-2,.">(K)  each  for  an  expert  opinion  on  a  .-..ncr^-to    plU-».   Rolng   Into   v.iy    minute   <lr- 

nrrxi,^)    invnlvitKr   file    exni'ndilurc   of   some  ikHb    of    tli«-    operation.    iin<l    nniilly    •lerlvlnK 

SUBSCRIPT/OS'  RATF.S  iPay^hU  .n  Ad«^,y-  P  "X^     '"\ '""?  the   expenditure    ol    some  ^^^^                   ..b.erva- 

tl.oe  i->Mr{S*utu4i)inVminiiuius.LHtxt..\Ut-  S}(Ml.0Oii.ofMl.     Their   fees   amount    to   about  .,         "_,      ,    ,^      -  ,,       .  .                 ^.   .      ■ 

■   i.*j.  Hawaii.  Gium.  I  otto  Kko.  Phittprtn,  y,        ,              ,     ,      .                         -r-..  ••                r  """•       ^'"^    '*""'    "'   ""■    *'""•    *'"    "»"»'""> 

KtpitbiHot  l-atu>iu.C:iniil/.otuandliland  5.1IMI  for  each  day  s  service.      1  his  is  muniti-  from    only    20    pllen.    and    In    lhe«e    20    c-iuiea 

'"-'  Cent  there  were  many  variation*  In  working  con- 

SJ.OO  : -.^xr  {«}  „^u.,)  lo  I>om,nu,n  ol  Canada.  %\-,m\   is    iust   onc   two-luui-  dltlon.   a»    the    men    became   more    dextroun. 

i4.00  :  y^,  LSt  u.^  u,  ail  oOur  coumn...  1  he   fee   of  S  ...<HMI  ,s  just  one   t«o  inn  ^^  ^^^^               ^^^  ^^^^^  ^            ^^^  ^^^ 

.^     .         TIStXG   RATES                   ■  nuation.  'Ircdth  part  of   1   per  cent  of  the  total   sum  ^_^^,    aver»K....      The    paper    I.    a    very    able 

r    mtulir    «v.-.-                      i«  received  M  slake,  so  that  c.ich  engineer  receives  onc  ^^p     „„j    ,^p    dKurea   are    Interentlni;    as    a 

''■'"'  '"Ir."  *ProiK*«i».Viniv"Snd  Iwdve-hundredth    part    of    1    per    cent    for  study    of    those    :'u    piles,    but    they    cannot 

ccnents  lan  be' inserted  OS Ute  passinii    iudRnicnt    on    the    greatest    public  t*    taken    to   represent    the   cost    i.f  concrete 

i. ./  i.  '                                  r     1.     ■  pile-    driving    generally       The    writer    of    the 

. works  project  of  all  times.  p^p^^    commented    on    this    and    dtacounted 

^°if™'.-.^"**'"f^u ■•"  " m'"' '^''" .,   •  ^.vi      K  1"  'he  same  daily  papers  that  report  the  „^^„..  „,  ^^^  ngtires 

Pott  Ot&ce  at  Chicago.  Illinois,  under  act  of  Mvxb  .         ,                   ,  """iij    i>i    me   uBuies. 

jd.  i((7».  award   of   these   engineering   fees,   we  nave  The     paper     Immediately      following     the 

.n./^xT>nT^xT>no              "^  an  account  of  a  law  suit  in  which  it  is  said  "bove.  described  the  manufacture  and  drlv- 

(•(J  N    I    111  N    1   o  .           .       1      J-                       1                       «i  (uui    ..  'ng    of    about    12.000    concrete    piles    on    two 

<..  U  IN   i  r,  IN   X  O  ,ha,  ,he  leading  counsel  receives  $1,000  a  ^^l^      ^^^^    ^^.^^^    ^^^    speed    of    the    nrat 

day  for  his  services.  case    was    attained    In    driving    In    material 

MiilTORl.AL :  Where  matters  of  great  importance  arc  at  equally  hard,   and   other  applications  of   the 

The   Fnginicrs  Who   Reported  on  the  stake    it    is   customary,   the   world   over,   to  fl"t  observations  to  this  case  were  slmllar- 

,,.,..      „_„  ly  out  of   proportion,      rnfurlunatelv    no   de- 

Panama   Cinal   are    Kach    Rated   at  pay  for  professional  services  in  some  pro-  j^,,^  ^.^_^^  ^^^^^^^  ^.^^^    preseni.-d  un  these 

•M  H    C    P                                                28.J  portion  to  the  amount  of  money  involved—  12.000  piles   for  a   comparison. 

except   in   civil    engineering.      Here   in   this  The  contrast  between  the  pieces  of  work. 

Guarding  the   Unwary '2><.1  pg^ania  case  we  h.ive  a  daily  payment   to  ">  view  of  applying  the  observations  of  one 

_                   _  , ',.!•••  „!.„(  to  the   other,    was    very  apparent    to  a    per- 

Co.NCRETE  Section:  e.tch  of  the  consulting  engineers  cqunalent  ^_^   „„enlng  to   the   two   papers. 

Concrete    Ftncc    Posts                             ^Sfi  '"  *'''  combined  wages  of  two  dozen  hod  „   ^^  ^   ^^^^^^   ,^   ^^  ,b^,    ^^^.   ^.^^^   ^^ 

c            r,      .      ,    ,  ,                 p  ;„f„,..„H  carriers,  and  then  only  because  the  work  is  ,,r„.jK>ged  to  listen  to  the  reading  of  these 

Some    Practical    Ideas    on    Reinforced  nf  stnnendons  imnorlance  i»r                  .1         1            i       1 

ot  stupenaous  importance.  ,,^^,  p;,p,^rs.     We  were  able  onlv  to  do  the 

Concrete    Design    .I'H,  Col.  Goelh.irs  daily  income  m.-ikes  him  of  next  best  thing-re.id  them  ourselves.     Ap- 

F.\RTH  AND  Rock  Secti<..\  a''"'"    '"-   '""'    carrier    power      The    State  parcntly  we  thus  missed  some  of  the  "con- 

....             ,      n     .        f      D  Kngineer   of    New    York    is    4    hod    carrier  ^^^^^^..    ^^    ^.^^^,    apparent    to    the     writer 

Methods      and      Cost      of      Preparing  nower    hut  then  he  has  only  a  $li>0.000,000  ,                      1    '                .       i,             «■      ij 

power,  inii  men  ne  nas  oiu)   j  ^-i     .  ■v-.'.vv,  whose   remarks   we   quote   above.      We   did 

Gravel    for    Ballast -'!'l  piece  of  work  to  manage.     Still  let  us  take  „^,^.    however,  the  contrast  between  having 

Comments  on  Dump  Wagons. ..... .LiM  heart.    Some  day  there  may  be  a  six  billion  detailed  driving  and  cost  records  of  a  20- 

Recommendcd   Practice   for   Handling  ''""•■"■  P"''''c   «"'''^*  Pr"i'V«'  =>nd  then  the  pj,^.   -^^  ^^^  ^^  ^^,   h:is\„f,  any  such  rec- 

Slides  and  Washouts  on  Railways.  .295  "="8*P"^  '•"  ""c  head  of  it  will  be  a  ^.V)  hod  „^j^  f^„^  .,  IJ..HK.-pile  job.     It  was  unfor- 

carrier  power  man.  and  class  with  some  ot  ,^^^,^1^    as    the    writer    whose    remarks    we 

RoAis  AXP  SiEEETS  SECTION:  ,„e  larger  lawyers.  q„„,,.  ,,,.,    ,^3,  „„  j^ail  cost  figures  were 

The  Theory  of  Economical  i<o.-id  and  presented  for  the  12,iM»0-pile  job.  but,  be  it 

Street   Design    20»i  Guarding  the  Unwary.  noted,  none  arr«-  presented.     Now  detailed 

Kconomic   Handling  of  Teams  with  a  We  commente.l  last   week  on  the  absurd  c<>M  figures  for  .'O  piles  are  more  cost  data 

ferk   1  ine   nnd   the   I'se  of   1   Can.,  contention    so    often    made    that    cost    data  '•'•■«"    no    detailed    cost    hgures    for    12.001. 

Jerk   L„K   and  the   Is.   of  a  Gang  ^^^^^^^  ^^     ^^^^^^^     ^^,_^^_  ,^.   ^^^^  ^^^^  ^^^,  ,.i,,,.    „„j    ,„    ,,,    ,„,,„i,hcd    the    r.-cords 

Plow  on    Road   Construction 21..  ^^^^   ^^^^^^^   ^^^     ^^^   ^^^-^.^^^   ,^^^   ,^^^.  „,      „.c      -l.-pile      job     in      Enc.ini^ji.nc- 

The  Lsc  of  Tar.  Oils  and  I-.mulsioiis  ^^^     "edged     and    barbed     with    troiblc."  Contkacting.     So  much  in  justilication  of 

on  Macadam  and  Earth  Roads m  should  mishandle  them  and  come  to  grief.  ""•■     reprint    of    Messrs.    Thompson     and 

(iENEKAL   Seoion  Perhaps   some  of  our  readers   felt   that   we  ••"""s  paper  on   the  score  of  its  conuincd 

siKike  more  strongly  than  the  occasion  de-  cost  data. 

.Methods   and    Cost    of    Constructing  manded      If  so,  we  ask  them  to  read  the  •■^•-  ^  matter  of  fact,  it  was  not  the  cost 

Frame  Ccltages  and   Service   Build  following    editorial     utterance    of    an     es-  figures  presented  in  this  paper  that  gave  it 

ings    for    Caniaguey.    Cuba.    Water-  teemed  contemporary:  "'*    principal    value:    it    was    the    complete 

Works    2!l'.i  '  time    records    of    the    driving    oiK-rations 

T       .■           r>      •  .                  IT  •_          c.     I  The  selection  of  cost   Ogures   for  presenta-  i_           1             .                 111 

Tractive      Resistances      Using       Steel  „^^    ,^    ,^^    contractor    Is   a    matter    which  They   are  the  only  such   recor.ls   that   have 
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job  of  concrete  pile  work  irrespective  of 
local  conditions.  The  careful  reader,  too, 
will  get  from  the  body  of  the  paper  other 
hints  not  contained  in  the  conclusions  and 
of  which  he  can  make  use.  So  if  we  elim- 
inate the  knowledge  of  costs  given  by  the 
paper,  for  fear  that  some  fledgling  con- 
tractor may  be  jarred  from  the  secure  nest 
of  cost  ignorance,  we  shall  still  find 
much  of  value  to  be  got  from  the  labors 
of  the  two  engineers  who  worked  out  the 
record  of  this  little  job  of  construction 
with  concrete  piles.  But  why  in  the  name 
of  heaven  should  anyone  think  it  neces- 
sary or  advisable  to  eliminate  the  costs 
that  were  given  and  every  detail  of  whieli 
was  explained  in  the  paper? 

In  there  any  inherent  quality  in  cost 
data  tliat  makes  it  necessary  to  keep  them 
under  cover  whereas  all  other  engineering 
data  may  be  cast  abroad  on  the  four  winds 
of  heaven  ?  We  showed  last  week  that 
such  an  idea  was  nothing  short  of  absurd. 
But  there  is  another  thought  which  we  did 
not  then  mention.  Why  assume  that  the 
very  men  who  are  selecting,  analyzing  and 
co-ordinating  the  most  complex  engineer- 
ing data  of  other  kinds  and  doing  it  safely 
are  too  stupid  to  handle  cost  data  likewise? 
Is  it  because  the  critics  of  cost  data  tacitly 
assume  that  these  data  are  of  interest 
chiefay  to  contractors  and  that  contractors 
are  inferior  in  acumen  and  judgment  to 
engineers?  If  there  ever  was  a  lime 
when  such  an  opinion  was  justified  it  is 
rapidly  passing,  if  it  has  not  already  gone 
by.  To  assume  that  the  contractor,  the 
\ery  foundation  of  w'hose  success  rests  on 
his  ability  to  judge  of  costs,  cannot  be 
trusted  not  to  be  misled  by  a  tew  columns 
of  cost  figures  not  worked  out  by  himself 
IS  too  absurd  to  be  impertinent. 


.-\n  interesting  experiment  for  producing 
ice  in  an  easy  and  inexpensive  way  was 
made  last  winter  in  the  vicinity  of  Balin- 
gcn,  in  the  Kingdom  of  Wurttemberg, 
Germany.  The  process  is  described  in  a 
recent  consular  report  as  follows : 

.•\  large  wooden  framework  of  two 
stories,  each  10  ft.  high,  is  put  up.  Each 
story  has  a  cover  of  18  parallel  beams. 
Through  the  center  a  pipe  incased  to  pre- 
vent freezing  runs  up  to  the  upper  cover. 
This  pipe  is  connected  with  the  water  sup- 
I)ly.  .'\t  the  top  the  water  escapes  over  a 
rotating  disk  so  that  it  is  distributed  evenly 
in  the  form  of  drizzling  rain  over  the 
beams  of  the  cover  of  both  stories.  The 
water  drops  continually  from  the  beams 
and  is  changed  into  icicles  by  the  cold 
winter  temperature.  These  icicles  grow 
until  they  reach  from  the  top  beams  to 
the  beams  below,  and  finally  to  the  ground 
floor.  At  a  sufficiently  low  temperature 
TOO  cu.  ft.  of  ice  can  be  produced  in  a 
single  night  from  such  a  framework.  Tin- 
icicle  assumes  and  keep  the  form  of  thick, 
separate  columns,  which  can  be  broken 
withrut  difficultv. 


Concrete  and  Reinforced  Concrete  Section 


Note: — This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  cover  the  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mi.xing,  transportation  and  placing;  fabrication  and  placing  of  reinforcement, 
and  form  construction  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


Concrete  Fence  Posts. 

From  observation  of  concrete  fence  posts 
your  committee  considers  that  the  con- 
crete post  will  heave  very  little  or  not  at 
.ill,  as  posts  set  from  two  to  five  years 
a;  o  are  at  present  in  all  most  perfect  alinc- 
nient,  and  not  a  loose  or  broken  post  was 
found.  They  appear  sufficiently  strong  for 
all  practical  purposes  after  being  properly 
cured  and  set.  The  claim  that  concrete 
posts  reinforced  with  steel  form  lightning 
protectors  appears  reasonable.  They  will, 
of  course,  resist  the  action  of  fire  and  de- 
cay. They  will  not  float  and  cannot  be 
displaced  so  easily  as  wood  posts.  On  tlic 
other  hand,  concrete  posts  must  be  care- 
fully handled  in  loading  and  unloading  and 
well  cured  before  using.  Fence  wire  in 
contact  with  their  surfaces  should  be  well 
galvanized.  The  concrete  post  is  much 
heavier  than  the  wood  post  and  the  cost  of 
distributing  and  setting  is  about  -")  per  cent 
greater. 

It  would  seem  that  the  concrete  post  is 
particularly  adapted  to  railroad  use.  Most 
of  tlie  post  machines  are  cheap  and  port- 
able and  the  materials  used  are  in  daily 
use  on  all  roads  using  concrete:  the  mate- 
rials are  cheap  and  easily  obtained. 

Your  committee  corresponded  with  over 
20  manufacturers  of  posts  and  postmaking 
machinery  in  the  United  States  and  Canada. 
A  majority  of  these  firms  use  or  advise  the 
use  of  Portland  cement  and  gravel  varying 
from  the  size  of  sand  to  pebbles  which 
will  pass  a  wire  screen  having  meshes  of 
from  V2  to  1  in.  sq.  The  ratio  of  cement 
and  gravel  is  as  1  to  4.  The  methods  of 
reinforcing  and  tamping  concrete  posts 
vary  almost  as  much  as  those  of  fastening 
the  fence  wire  to  the  posts.  The  machines 
are  of  various  capacities  and  design — from 
the  one-post  hand  mold  to  the  "post  per 
minute"  power  machine  with  continuo'is 
mi.xer  attachment.  The  average  total  cubic 
content  of  the  7-ft.  post  is  0.825  cu.  ft. ;  of 
the  8-ft.  post,  0.0.5  cu.  ft.  The  weights 
vary  from  65  lbs.  to  95  lbs.,  according  to 
methods  of  manufacture  and  reinforcement 
used.  Concrete  posts  retail  for  from  25 
to  35  cts.  per  post.  End  and  gate  posts  are 
of  about  three  times  the  volume  and  cost 
of  intermediate  posts.  In  section,  concrete 
posts  vary  from  square  or  rectangular  to 
triangular,  half-round  and  circular.  Rein- 
forcements are  of  wire.  wood,  strap   steel. 

•Extract  from  report  of  Gommittee  on 
Signs.  Fences.  Crossings  and  Cattle  Guards 
to  the  American  Railway  Engineering  and 
Maintenance    of    Way    Association. 


steel  and  wire  truss,  wood  and  wire  truss, 
chain  scrap  strips  and  expanded  metal. 
Fence  wire  fastenings  are  also  of  various 
forms — from  the  wire  loop  around  the  post 
to  the  patent  staple  encasement.  .-Ml  the 
posts  observed  taper  from  a  smaller  top  to 
a  larger  base.  Some  have  very  wide  con- 
crete block  bases. 

In  response  to  invitations  sent  to  all 
manufacturers  four  concrete  post  machine 
firms  demonstrated  their  machines  at  Bay 
City,  Mich.,  making  12  reinforced  concrete 
posts  each,  which  were  tested  at  the  Michi- 
gan Agricultural  College. 

These  posts  were  tested  for  tensile 
strength :  panels  were  erected  to  test  the 
holding  power  of  the  fence  in  place  as  well 
as  give  the  set  posts  impact  tests  and,  if 
possible,  to  compare  their  strength  of  re- 
sistance to  impact  with  wooden  posts.  They 
were  tested  in  a  machine  of  large  capacity, 
42-in.  span,  both  ends  supported,  load  ap- 
plied in  center.  The  following  results  were 
obtained  at  an  average  cf  7  to  12  posts  of 
each  sort  so  tested  : 

Name  of        First     Maximum  wt.  Deflection 
Mfr.  crack         post  broken,  in  inches. 

D     4.18  lbs.  1,000  lbs.  0.68 

B     048  lbs.  1,071  lbs.  0.70 

A    .564  lbs.  1,020  lbs.  0.53 

C    027  lbs.  1,356  lbs.  0.66 

The  comparative  results  show  the  impor- 
tance of  thorough  tamping  and  stiff  rein- 
forcement near  the  surface  of  the  post.  A 
cedar  post  of  dimensions  identical  with  the 
average  of  these  concrete  posts  would 
weigh  about  one-fourth  as  much  and  be 
four  times  as  strong.  The  results  in  prac- 
tice show  that  the  wood  posts  used  are 
niucli  stronger  than  necessary  rather  than 
tli.it  concrete  posts  are  not  strong  enough. 


It  lias  been  reported  in  some  of  the  west- 
ern papers  that  the  Hauserlake  Dam,  which 
went  out  al)out  a  year  ago  and  is  now  in 
process  of  reconstruction,  has  been  washed 
out  again,  and  that  a  large  amount  of  tim- 
ber and  parts  of  the  finished  work  have 
been  washed  away  with  a  large  loss  to  the 
owners.  The  facts  are  that  about  150  ft. 
of  a  temporary  flume  which  had  been  built 
to  carry  the  water  around  the  site  of  the 
new  dam  has  gone  out,  together  with  a 
small  part  of  a  diverting  dam  built  to  turn 
the  water  into  this  flume.  The  money  loss 
is  insignificant,  the  only  effect  of  impor- 
tance being  that  active  work  on  the  recon- 
struction will  be  postponed  until  after  the 
high    water    in    Tune    or    July. 
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Some  Practical    Ideas  on    Reiniorced 
Concrete  Design. 

HV    UNCST    MC  CL'IXOL'Ull.t 

M>  (.ilk  is  to  be  on  some  thin|{'<  not 
mriiliorird  in  the  current  lrc;ili>rs  on  re- 
inforced concrete  dr*ign.  Now  i(  h;i|)(>eii< 
ehat  an  item  often  mentioned  in  N(K-iitic;i 
tion>  ii  that  of  delleclion  and  none  of  the 
(taiiiLird   ll<Mlk^    ^a>    one    wonl    nn   tlu-    miIi 

lifH.H  TION. 

It  IS  common  to  see  rigid  specification-. 
*or  'deflection :  that  is,  the  architect  be- 
lieves them  to  Ih-  rigid,  whereas  the  man- 
ner of  wording  the  deflection  clause  shows 
the  reinforced  concrete  designer  that  he 
l.i»  I  vri  sine  one  lasy  with  whom  to  deal. 
It  l:aii|H-ns  that  a  dtlUclion  of  l/:ti;o  of  the 
span  will  not  crack  plastering  so  that  very 
often  «e  see  a  clause  to  the  cfTect  that  the 
deflection  rnder  test  loail  must  not  exceed 
IfMin  of  the  span.  From  this  amcnint.  it 
rarges  10  I/I..VH1  nf  the  span. 

.\ow  as  it  happens,  this  matter  of  deflec- 
tion is  one  not  yet  sett  ltd  and  one  that 
experimenters  have  apparently  considered 
as  hardly  worth  notice.  When  a  specifica- 
tion comes  in  settling  the  amount  of  allow- 
able deflection,  we  have  to  be  pretty  care- 
ful in  our  designing,  for  »c  only  know  in 
a  general  way  that  the  deflection  of  a  re- 
inforced concrete  iK-am  is  alioui  one-ihird 
that  of  a  steel  beam  of  equal  strenstli  and 
that  a  deflection  that  will  crack  the  plaster 
on  the  under  part  of  a  beam  or  slab  will 
l-rdoubtedly  be  enough  to  permanently  in- 
jure it.  The  elastic  limit  of  the  steel  will 
have  been  long  passed  and  the  concrete 
will  be  on  the  verge  of  failure.  Some 
architects  go  even  further,  however,  and 
call  for  loads  that  will  destroy  the  slab. 
Here  is  a  copy  of  a  specification  that  came 
into  our  hands  one  day  lately : 

Brfori*  wood  top  floorn  are  put  on.  the  ro- 
Inforo'il  ii)n<ri't>-  tliw.r!"  must  if  sulOPctod  to 
a  lent  In  tlif  prfscncf  of  tli>'  nup.rlntfn- 
dent  Thin  Ifnt  will  (.<•  iiiiidi'  liy  the  cun- 
triiitor  and  will  conHlHt  of  It'iullhe  any,  or 
all.  partB  of  lh»»  flfiorj*.  a»  ih*-  «Mp.T(ntf*n- 
di'nt    may    dt-slKnali.    with  ■  ■       f 

thrr-e    hundrnl    and     (Ifty     1: 
•quart'     f<Kit         Wh.n     liil« 
■hnuld    any    part    of    th-  1;    >\.''.iii 

fall,    crack,    iuib.    or    iin'.  t     the    fn- 

tlTf    >yHt<>ni    will    \iv    T'  !    the    con- 

Irmrtor  r«|Ulri-d  to  takr  ..iit  in.-  intlre  nyii- 
(em  and  rebuild  until  a  sallnfaetory  tpiit 
la    had 

The  foregoing  specifications  were  for  a 
school  house.  .-\  proper  safe  superim- 
posed load  per  square  foot  for  that  build- 
ing would  have  been  80  lbs.  per  s<|.  ft.  .As- 
suming a  dead  load  of  40  lbs ,  a  proper  test 
load  would  have  been  twice  the  live  load 
plus  once  the  dead  load,  or  'iiW  lbs  per  s<| 
ft.  Such  a  test  load  should  have  stressed  the 
steel  to  not  more  than  00  per  cent  of  the 
elastic  limit  and  the  concrete  to  not  more 
than  three-fourths  its  ultimate  strength. 

The  test  load  called  for  should  have  been 


•A  talk  l»ffor*«  thi*  m'-ndiera  of  the  Ar- 
mour rivll  ICnKlni>«rlnR  Soelety.  Armour  In- 
"'"    ■■       .f    Teehnoloicy.     Chleuco.     III.,     Nov. 

:<  .'...  f  Rn^lneer  Northwentern  Rxpanded 
Metal    Company,    Chlea(o,    III. 


MifTicient,  uniler  many  systems  of  design- 
ing, to  have  brought  the  floors  to  the 
verge  of  failure  and  yet  the  deflection 
would  not  have  been  sufficient  to  have 
cracked  the  plaster.  Notice  also  bow  in- 
definite the  provisions  are.  If  the  floor 
deflects  unduly  then  the  contractor  must 
take  it  out.  Suppose  the  architect,  when 
he  drew  these  specifications,  had  in  mind 
a  deflection  of  about  l/-lon  tlu-  span.  Sup- 
po>i-  that  some  reinforcing  company  had 
prepared  plans  for  tlie  contractor  for 
nothing  and  had  figured  the  sections  so 
light  that  a  deflection  of  about  this  amount 
would  be  secured.  Suppose  that  in  the 
meantime  before  the  test  is  made  that  the 
architect  had  been  informed  by  a  dis- 
appointed bidder  as  to  what  he  should 
expect  and  then  imagine  the  result  when 
the  Contractor  has  lo  lake  out  the  floors 
and  rebuild  them  because  of  excessive  de- 
flection under  test  load. 

Being  an  engineer  for  a  reinforcing  com- 
pany and  having  many  designs  coming  into 
the  ofticc,  it  has  been  a  matter  of  interest 
to  mc  to  draw  out  some  of  the  men  whose 
plans  were  sent  to  our  office.  VV'hcnever 
a  set  of  specifications  came  in  with  a  de- 
ftertion  clause  we  wrote  to  the  architect 
asking  for  the  formula  by  which  he  com- 
putet! the  allowable  deflection.  We  told 
him  that  this  was  one  of  the  unsettled 
points  in  reiniorced  concrete  design  and 
tlurefore  wanted  lo  know  his  method  of 
figuring  the  matter  in  order  that  we  could 
design  to  meet  his  requirements.  The  ma- 
jority of  the  men  never  replied  to  our  let- 
ters. .\  few,  however,  wrote  and  told  us 
that  they  knew  nothing  about  it  and  liad 
supposed  the  deflection  for  a  steel  beam 
should  be  about  right. 

We  platted  the  results  of  all  published 
Usts  and  tried  to  obtain  a  good  formula, 
but  the  results  were  too  discordant.  The 
subject  of  deflections  seemingly  did  not 
interest  .American  experimenters.  Euro- 
pean experimenters'  did  pay  attention  to 
this  mailer  and  it  is  easier  lo  work  after 
them.  Professor  Maurer  of  Wisconsin 
State  University  permitted  me  to  copy  a 
deflection  formula  he  has  lately  developed 
as  a  result  of  his  study  of  European  beam 
tests,  but  I  do  not  feel  at  liberty  to  give 
it  here  without  his  permission.  It  agrees 
very  closely  with  loails  up  to  one-third  the 
ultimate  and  should  be  extremely  useful 
when  he  has  finished  working  on  it  The 
only  other  guide  we  have  is  a  formula  pro- 
posed by  .Mr.  Eli  White  in  tl'e  "EnRineer- 
ing  Record"  for  Nov.  f>,  1907,  so  you  .see 
the  subject  of  deflection  is  quite  a  recent 
one. 

Mr   White  first  as.  position  of 

the  neutral   axis  and  it   as  mid- 

way between  the  actual  reinforcement  in 
the  bottom  of  the  beam  and  an  equal 
amount  of  imaginary  reinforcement  alwve. 
and  wholly  outside  the  iK-.im.  .-Xfler  all 
the  trinsformations  and  substitutions  ren- 
dered  necessary  to  get    it   into  agreement 


with     ordinary     deflection      f.irni'.d:.,      we 
finally  obtain  : 

Deflection   in   inches  = 

.»/  ( </-*)  X  1,000.000 
in  which 
/•^  fiber    stress    in    the    steel    under   as- 
sumed loading 
/  =  span  in  inches. 
J  =  affective  depth  from  lop  of  beam  to 

center  of  steel. 
t  =  depth   of   neutral  axis    from   top  of 

beam. 
.\/  =  multiplier  =  'J»<    for    uniformly    dis- 
tributed load  on  beam 
freely     sup|K>rted     at 
both  ends 
=  3W    for    partially    con- 
strained beam. 
=  •180  for     tied     or     con- 
strained beam. 
This  method  b  only  closely  approximate 
and  gives  a  deflection  somewhat  in  excess 
of  the  actual  deflection  under  load      When 
the  specifications  call   for  a  test  load  and 
a  certain  deflection  under  the  lo.id  it  would 
be   well    lo   find  the   steel   stress   under  the 
test  load  and  then   use  this   formula  in  or- 
der to  know  in  advance  what  to  expect. 

.•\n  architect  has  a  perfect  right  to  call 
for  a  deflection  not  exceeding  1/1,000  of 
the  spand  under  a  test  load  consisting  of 
twice  the  live  load  plus  once  the  dead  load, 
thus  securing  as  an  actual  test  load  twice 
the  estimated  load  the  slab  or  beam  will 
ever  be  called  upon  to  carry. 

Testing  my  designs  by  the  above  formula 
we  found  in  three  instances  that  the  de- 
flection limit  set  called  for  much  more 
steel  than  we  really  required  and  on  taking 
the  matter  up  with  the  men  for  whom  the 
plans  were  wanted  they  readily  agreed  to 
leave  out  the  test  load  and  omit  the  de- 
flection clause  provided  we  gave  them  the 
detailed  calculations  for  the  work  and  took 
our  oath  th.nt  they  were  actually  the  cal- 
culations for  the  structure  and  referred 
them  to  liooks  where  the  formulas  could 
be  found. 

Vet  with  a  proper  check  upon  design. 
such  as  is  given  by  an  intelligent  require- 
ment for  deflection,  it  may  be  possible  to 
give  a  much  better  shape  to  a  beam  than 
would  be  given  under  ihe  ordinary  rush 
conditions  existing  in  a  competitive  de- 
signing office. 

FACTOII  or   SAFETY. 

.Another  thing  found  in  specifications  is 
a  factor  of  safety  clause.  It  is  easy  to 
write  that  the  work  as  designed  shall  have 
a  factor  of  safety  of  four  and  this  require- 
ment is  common.  Nine  times  out  of  ten 
we  fitid  that  the  man  who  prepared  the 
specifications  meant  that  the  floor  should 
be  able  to  carry  four  times  the  specified 
live  load. 

To  an  engineer  a  factor  of  safety  implies 
the  quotient  obtained  by  dividing  the  nlli- 
mate  strength  of  the  material  by  the  fiber 
stress  pillowed     That  is  to  say.  if  the  steel 
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has  an  ultimate  strength  of  (i4,000  lbs.  per 
sq.  in.  in  tension  we  have  a  factor  of  safety 
of  four  when  we  stress  it  only  16,000  lbs. 
per  sq.  in.  The  man  who  prepares  the 
specifications  will  tell  you  he  means  just 
that  also,  but  if  you  put  up  to  him  a  floor 
weighing  loO  lbs.  per  sq.  ft.  to  carry  a  live 
load  of  100  lbs.  he  will  begin  to  hedge.  As- 
suming a  dead  load  of  loO  lbs.  and  a  super- 
imposed safe  load  (live  load)  of  100  lbs., 
the  total  is  2.50  lbs.  per  sq.  ft.  and  four 
times  this  is  1,000  lbs.  The  man  who  pre- 
pares the  specifications  will  be  perfectly 
satisfied  if  the  floor  can  carry  an  uhimate 
(breaking)  load  of  once  the  dead  load 
plus  four  times  the  live  load,  or  a  total  of 
550  lbs.  per  sq.  ft. 

Much  of  the  designing  done  today  does 
not  take  into  consideration  the  dispropor- 
tion of  dead  to  live  load  in  reinforced  con- 
crete structures  and  happenings  such  as 
that  just  mentioned  are  common.  Here  is 
a  table  put  out  by  a  company  manufactur- 
ing reinforcing  material.  Along  the  top 
we  find  the  spans.  On  the  left  is  a  col- 
umn giving  the  thickness  of  the  slab  and 
the  weight  per  square  foot  of  the  slab. 
Underneath  the  spans  we  find  the  load  per 
square  foot  that  can  be  carried  by  the  slab. 
In  this  particular  case  we  find  that  the  slab 
on  a  span  of  19  ft.  will  carry  only  7  lbs. 
per  sq.  ft.  The  slab  is  7  ins.  thick  and  the 
weight  per  square  foot  is  88  lbs.  The  cal- 
culations were  made  for  a  factor  of  safety 
of  four,  so  we  can  add  the  live  load  and 
dead  load  together,  which  gives  us  95  lbs., 
and  multiply  by  4  to  get  the  breaking  load, 
which  amounts  to  380  lbs.  Substracting 
the  weight  of  the  slab,  88  lbs.,  we  have 
left  292  lbs.  per  sq.  ft.,  and  dividing  this 
by  4  we  have  a  live  load  of  73  lbs.  per 
sq.  ft. 

Remember  that  this  is  perfectly  correct 
if  we  consider  that  it  is  safe  to  design 
floors  to  carry  their  own  weight  plus  four 
times  the  live  load,  as  an  ultimate  break- 
ing load.  If  a  factor  of  safety  of  four 
means  this,  then  you  see  what  can  be  done. 
If,  however,  the  factor  of  safety  of  four 
■leans  the  materials  are  stressed  to  one- 
fourth  their  ultimate  strength  by  the  sum 
of  the  dead  and  live  loads,  the  example 
just  given  is  bad. 

I  have  stated  that  95  per  cent  of  the 
buildings  designed  in  reinforced  concrete 
today  have  been  designed  with  the  benefit 
of  the  manufacture  of  reinforcing  material 
in  mind  rather  than  with  the  benefit  to  the 
owner  as  a  paramount  consideration.  Not 
five  per  cent  of  the  reinforced  concrete 
buildings  are  designed  in  the  offices  of  the 
men  whose  names  appear  upon  the  plans 
and  drawings.  One  reason  is  th.nt  the 
average  architect  does  not  have  calls 
enough  for  this  class  of  structures  and 
therefore  does  not  attempt  to  design  the 
reinforced  concrete  work.  He  simply 
makes  the  plans  for  the  buildings  and  pre- 
pares the  specifications.  He  cither  has 
some  reinforcing  company  prepare  the 
plans   for  nothing  or   draws  his   specifica- 


tions so  that  all  systems  have  a  show  and 
the  contractors  have  the  plans  prepared 
by  the  companies  from  whom  the  rein- 
forcement is  purchased. 

Another  reason  is  that  very  many  men. 
while  presumably  competent,  do  not  care 
to  waste  their  time,  for  they  feel  that  some 
salesman  representing  some  special  system 
of  reinforcement  will  try  to  make  the 
owner  switch  over  from  the  plans  pre- 
pared by  the  architect.  A  third  reason  is 
that  the  wise  architect  considers  limself 
in  pocket  if  he  leaves  the  designing  to  the 
numerous  companies  so  ready  to  do  the 
work  at  no  cost  to  him  or  the  owner,  in  the 
hope  of  selling  their  material.  Therefore 
it  is  customary  to  have  a  clause  in  the 
specifications  to  the  effect  that : 

Contractors  bidding  on  tlie  reinforcement 
will  be  permitted  to  bid  on  any  system  de- 
sired and  must  submit  with  their  bids  full 
drawings  and  computations,  in  order  that 
the  architect   may  check   the  work,   etc.,   etc. 

Then  follows  a  few  little  things  to  guide 
the  designers.  It  happens  very  often  that 
the  specifications  do  guide  some  of  the 
designers  so  they  know  the  man  with 
whom  they  have  to  deal  can  be  given  any- 
thing they  feel  like  giving  him.  It  is  sel- 
dom we  get  in  a  set  of  specifications  that 
indicate  much  intelligence  on  the  part  of 
the  writer  so  far  as  they  relate  to  rein- 
forced concrete.  Occasionally  some  speci- 
fications come  in  that  show  the  man  who 
prepared  them  was  thoroughly  up  to  date, 
but  such  a  man  generally  has  his  plans 
fully  drawn  and  no  good  changes  can  be 
made.  It  is  seldom  that  any  special  sys- 
tem of  reinforcement  gets  in  on  such  a 
man's  work,  for  his  own  design  is  usually 
as  economical  as  any  that  any  contractor 
can  obtain. 

Generally,  however,  the   architect   simply 
prepares    the    plans    of    the    building    and 
everything    connected    with    it    except    the 
reinforced  concrete  work  and  permits  con- 
tractors to  submit  plans   of  their  own   for 
that.      These    plans    are    obtained    by    the 
contractors    sending    blue    prints    to    rein- 
forcing companies  and  asking  them  to  sub- 
mit  bids    for    the    reinforcement,    together 
with  blue  prints  showing  how  they  propose 
to  do  it.     The  time  given  the  reinforcing 
company  in   which   to   do  the  designing   is 
usually  from  one  to  three  days,  the  latter 
being    quite    a    liberal    time,    and    the    en- 
gineers who  have  the  designing  to  do  feel 
quite    grateful    to    a    contractor    who    will 
permit   them   to    work   three    days   on    the 
designs.     By  days  we  mean  days  of  about 
eighteen  to  twenty  hours   each.     We  have 
worked    three   days   on   plans    that   should 
properly    have    taken    three    weeks'    time. 
It  is  hardly  to  be  expected  that  niceties  of 
detail  can  be  indulged  in  very  much  under 
the   circumstances,  but   every   engineer   re- 
members  that   each   of   his   competitors    is 
also   at   work,  so  he  must   design   as  eco- 
nomically as  possible  if  his  employer  is  to 
get  the    work.     If   he   forgets  to   multiply 
by  two  or  three  his  firm  of  course  stands 
a  better  chance  to   secure  the   job,   but   it 
means    many    weary,    head-achy    hours    of 


skinning  afterwards  so  there  will  be  no- 
loss  and  so  the  architect  will  ntt  discover 
any  great  discrepancy  between  the  pre- 
liminary plans  and  the  final  drawings. 

It  is  a  miserable  system,  but  there  is  no- 
hope  of  getting  away  from  it.  The  only 
tiling  we  can  do  is  to  teach  men  how  to- 
write  proper  specifications  so  the  owner 
will  be  protected  and  so  honest  manufac- 
turers will  be  protected  against  men  who 
will  skin  to  save  a  dollar.  No.  even  to- 
save  a  dime.  So  every  firm  has  tables 
and  diagrams  to  shorten  labor  and  make 
the  designing  as  nearly  mechanical  as  "pos- 
sible. -After  all  it  is  merely  clerical  work 
when  one  comes  to  think  of  it. 

Before  I  end  I  will  give  you  some  speci- 
ficaticns  so  that  the  man  using  them- 
shoi-'ii  come  somewhere  near  to  obtaining 
uniformity  of  design  in  plans  he  sends  out 
for  competitive  bidding. 

I  propose  to  take  up  a  typical  building 
floor  and  go  through  it  in  several  ways  to- 
show  how  different  designers  will  tackle 
the  work  and  thus  show  how  an  architect 
can  easily  13C  puzzled  to  select  a  systenr 
and  at  the  same  time  avoid  being  charged 
by  the  owner  with  having  been  bought  up, 
in  case  he  selects  a  system  that  is  not  the 
lowest  in  cost.  It  nearly  all  hinges  on 
the  proportion  of  dead  to  live  load  and  on 
the  meaning  of  the  term  "factor  of  safety." 
The  floor  selected  is  to  be  100  ft.  long 
and  50  ft.  wide.  The  owner  is  prejudiced 
against  tile  and  will  not  permit  its  use. 
even  in  combination  with  reinforced  con- 
crete, thus  not  allowing  any  lessening  of 
dead  load,  such  as  is  effected  by  tile  when 
set  in  floors  of  ribbed  design.  The  owner 
has  been  talked  into  the  use  of  long  spans, 
but  does  not  realize  how  much  this  means 
in  the  item  of  increased  weight,  which 
means  larger  columns  and  heavier  founda- 
tions as  well  as  larger  beams  and  girders. 
This  also  means  that  the  steel  and  concrete 
are  unduly  stressed  carrying  their  own 
weight. 

The  specifications  fix  the  live  load  (safe 
superimposed  load)  at  100  lbs.  per  sq.  ft. 
It  is  also  stated  that  the  factor  of  safety 
sliall  be  four.  Nothing  is  said  about  the 
fiber  stress  in  the  materials.  The  blue 
prints  of  the  building,  together  with  the 
specifications  go  into  the  hands  of  the  con- 
tractors and  six  companies  get  an  oppor- 
tunity to  bid  on  the  reinforcing  material. 
.\s  the  architect  has  spaced  his  columns 
16  ft.  4  ins.  on  centers  and  will  permit 
only  two  girders  lengthwise  of  the  building 
and  will  not  permit  any  beams  it  is  neces- 
sary to  make  slabs  from  side  to  side. 
The  conditions  are  such  that  we  should 

zvf- 

reallv    use    for    bending    moment    for 

10 

IV? 

the    two    outside    spans    and    perhaps    

72 

for  the  inside  span.     However,  all  the  de- 
signers  know    that   each    of   the   others    is 
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Koing  tu  figure  a»  «mall  a  liciuling  nioiiiciit 

as   possible.   »o  all    will    ii>c \Vc  are 

here  considering  that  the  men  doing  the 
wrk  are  not  very  bad  men,  or  they  might 

ii>c  ,  a>  I  have  known  a  great  many  to 

le 

do  So  in  this  competition  we  will  con- 
sider them  all  alike  in  their  assiMiiption  of 
bending  moment  conditions  and  \vc  will 
take  it  for  granted  they  will  nil  use  a 
ratio  of  deformation  between  steel  and 
concrete  of  15.  As  a  matter  of  fact  they 
will  not  all  do  it,  but  we  must  get  some- 
where on  a  common  ground. 

Table  I  shows  all  the  conditions  in  de- 
tail, so  we  will  consider  them  one  by  one. 
One  desiRncr  who  wants  to  be  honest  as- 
sumes for  his  weiKht  the  sum  of  the  dead 
and  live  loads  and  after  several  trials  ccts 
a  slab  7  ins.  thick.  He  assumes  a  liber 
strjss  of  le.OiXt  lbs.  in  the  steel  and  of 
700  lbs.  in  the  concrete.  He  uses  the 
straight  line  assumption,  which  is  best  for 
buildings  and  the  safest  generally.  The 
table  shows  the  stresses  he  gets  under  the 
dead  load  only,  as  well  as  ijnder  the  dead 
and  live  load.  The  cost  of  this  floor  (ex- 
clusive of  form  work)  is  $0,227  per  sq  ft. 
The  weight  of  a  square  panel  is  23,4tX)  lbs. 
to  be  carried  by  each  column. 


dead  and  live  load,  instead  of  the  fiber 
■.tresses  assumed. 

The  fourth  man  is  a  college  boy  just  out 
of  school  and  very  anxious  to  do  things 
up  right.  Hr  assiMues  four  times  the  sum 
I  if  the  dead  and  live  loail  and  uses  the 
parabolic  theory  of  stress  His  assump- 
tion for  the  steel  is  based  on  the  steel  be- 
ing stressed  to  two-thirds  the  elastic  limit 
and  the  concrete  to  two-thirds  its  ultimate 
strength.  The  elastic  limit  of  his  steel  is 
(;o.<MK»  lbs ,  so  he  uses  40.000  lbs  The  ulti- 
mate strength  of  the  concrete  he  assumes 
at  .'.,IKX)  lbs.,  so  he  uses  2.000  lbs.  An  ex- 
amination of  the  tabulated  result.s  will 
show  how  much  chance  he  has  to  win  out 
in  a  contest   for  competitive  designs. 

The  fifth  man  is  wiser  and  designs  also 
by  the  parabolic  method,  but  assumes  the 
ultimate  strength  of  the  steel  at  iH.CxK)  lbs. 
and  the  ultimate  strength  of  the  concrete 
at  3.nt¥(  lbs  He  assumes  once  the  dead 
load  plus  four  times  the  live  load.  The 
table  shows  the  results  obtained. 

It  may  be  stated  here  that  the  parabolic 
theory  calls  for  more  steel  than  the 
straight  line  theory,  so  that  the  steel  and 
concrete  theoretically  should  fail  together. 
The  straight  line  theory  gives  a  more  rigid 
construction  and  therefore  better  for  mov- 
ing loads,  while  the  excess  of  concrete 
permits  some  deflection  to  show  long  be- 
fore the  points  of  ultimate  failun-  is 
reached. 


T.\m.E   I. 

»  St<"fl  (tber 
"       stress. 


Concrete 
stress. 

r      D 

=  B 


Cost  per  sq.  ft. 
(excl.  of  forms.) 
CO  -  -3 


7- 

875 

5.(W 

.398 

.867 

.0087 

.512 

ir- 

67.8 

4.33 

.414 

.862 

.0097 

.500 

67  8 

4  5 

.427 

.858 

.0107 

678 

«- 

75.0 

50 

.599 

.776 

.02 

1.20 

*%- 

56.3 

3.33 

.584 

.781 

.0183 

.731 

:          P-        :  &         ;           :  :  :  •? 

7.500  16,000  328  700  80.052  10.175  80  227  ?S,40« 

8.200  20.000  384  940  0.049  0.138  f  '    "  "     •■<. 

6.8.-.0  17.700  344  890  0.059  0.138  " 

3.560      8.350  122  278  0.122  0.15  " 

6,590  19,050  403  1195  0.074  0.116  u.i'j  i..x<«» 


On  the  straight  line  theory  it  is  abso- 
lutely wrong  to  figure  ultimate  values  in 
steel  and  in  concrete,  yet  it  is  often  done 
The  second  man  multiplies  his  live  load  by 
(our,  adds  the  dead  load  anil  uses  the  ulti- 
mate strength  of  the  steel,  64,00<>  lbs.  per 
sq.  in.,  and  the  ultimate  (assumed) 
strength  of  the  concrete.  .3.000  lbs.  He  gets 
a  fiber  stress  of  20,000  lbs  in  his  steel 
under  the  dead  and  live  load,  and  a  fiber 
stress  in  his  concrete  of  940  lbs.  The  cost 
of  this  floor,  without  form  work,  will  he 
$0,187  per  sq.  ft  and  the  weight  carried  to 
each  column  will  be  18,350  lbs. 

The  third  man  does  not  believe  in  fiipir- 
ing  ultimate  values  on  the  straight  line 
basis,  yet  he  does  not  like  to  tigtirc  in  all 
his  dead  load.  He  therefore  assumes  a 
fiber  stress  of  ICOiXt  Ibs.  in  his  steel  and 
800  in  his  concrete,  takes  half  the  deail 
load,  plus  the  live  lo.vl,  and  gets  an  actual 
stress  in  his  steel  of  17,700  lbs.  and  in  his 
concrete   of  890   lbs.    under   the   combined 


Now  there  might  have  been  some  other 
common  assumptions  mentioned  Some- 
times the  specifications  call  for  a  lest  load. 
If  this  load  is  ridiculously  low,  as  it  often 
is,  then  the  designer  will  pay  no  attention 
to  the  live  load  requirements  and  will 
ignore  the  factor  of  safety  clause.  You 
will  find  him  designing  so  the  test  Inatl  will 
stress  the  steel  to  at)Out  9.">  per  cent  of 
the  elastic  limit  and  the  concrete  to  al>out 
three-fourths  its  assumed  ultimate  strength. 
Sometimes  the  designer  will  ignore  the  elas- 
tic limit  and  design  so  the  test  load  will 
stress  the  steel  to  three-fourths  of  its  ulti- 
mate strength  and  the  concrete  to  about  95 
per  cent  of  its  assumed  ultunale  strength. 
I'  ■'  ive  been  known  of  some  panels 

1  .  illy  constructed  lor  the  test  load 

and  m  some  way  durini;  llu-  pfiKress  of 
the  work  the  superinlnidout  will  have  his 
attention  directed  to  th,-it  panel  in  a  man- 
ner that  will  make  him  srb--'  "  ■-  ''■■•  "ne 
to  be  tested. 


While  the  foregoing  assumptions  give 
much  food  for  thought  remember  that  we 
have  not  gone  far  from  a  common  stress 
in  the  steel,  whereas  designers  are  very 
free  in  their  stress  assumpiions  1  have 
had  to  check  over  plans  where  the  steel 
stress  was  over  .'Wi.OOO  lbs.,  although  the 
specifications  called  for  lialf  of  that,  and 
where  the  concrete  stress  was  over  2,000 
lbs.,  although  the  specifications  set  800  lbs. 
as  a  limit. 

I  have  had  to  check  over  plans  where 
the  architect  specified  fiber  sir«-sscs  of  16,- 
(XHi  lbs.  in  the  steel  and  '  the  con- 

crete  with   a   ratio   of   •'.  n  of    15, 

where  the  man  who  secured  the  contract 
took  the  dead  load  plus  four  times  the 
live  load,  divided  them  by  four  and  then 
used  the  stresses  called  for.  The  live  load 
in  one  case  I  remember  was  loO  lbs.  per 
sq.  ft.,  but  under  the  assumptions  made  by 
the  designer  the  live  load  was  ml}  a  liltle 
over  30  lbs.  per  sq.  ft.  when  these  stresses 
were  reache<l.  for  the  dead  load  was  high. 

The  only  way  to  get  good  honest  com- 
petitive designing  is  for  the  architect  to 
state  exactly  what  he  wants  and  see  that 
he  gets  it  To  get  away  from  the  dis- 
honest and  ridiculous  habit  of  assuming  a 
slab  to  weigh  only  half  what  it  actually 
weighs  there  should  be  a  cla-ise  to  the 
effect  that  the  floor  and  beams  supporting 
it  should  weigh  not  to  exceed  two-thirds 
the  live  load  and  preference  will  lie  given 
to  the  plan  providing  a  floor  that  weighs 
not  to  exceed  one-half  the  live  load.  Then 
when  the  designer  gets  to  work  he  will 
add  50  per  cent  to  the  live  load  and  equate 
for  span. 

Let 
If '  =  total  load  on  the  span,  per  foot  wide. 

/  =  span. 
.\/  =  bending   moment  =  resisting   moment 
=  Rbd'. 

then      /-     I—  *"'  ''"■■'>'  suppt""!*-*! 
■^'11      beams  ot  sliibs. 

.         lOSt   for  piiitly  constrained 
"\ir~   slabs 


/-. 


,ttM    for  con>lrained 
•\lir~    slabs 

When  the  owner  understands  that  the 
long  clear  spans  he  likes  so  well  cost 
money  and  that  they  make  a  building  not 
so  rigid  as  one  having  short  span  floors 
and  roofs  and  that  the  extra  weight  added 
means  increased  expense  for  columns, 
walls  and  footings,  he  can  l>e  led  away 
from  the  present  crare  for  long  spans  and 
no  beams  or  girders.  If  he  does  not  like 
the  appearance  of  the  beam  work  he  can 
conceal  it  by  putting  in  suspended  ceilings, 
thus  giving  him  a  building  easier  to  warm 
and  allowing  him  better  facilities  for  nin- 
iiing  piping  and  wires. 

.•\  curous  thing  in  coimectiou  willi  this 
long  span  work  in  ordiiiar\  buililiiigs  is 
the  reasoning  observed.  In  manut.icturing 
establishments  and  warehouses  this  has  not 
been  noticed  much,  but  when  the  idea  has 
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been  carried  out  in  ordinary  buildings  it 
has  been  annoying.  In  some  cases  the  de- 
fect has  been  cured  l)y  hanging  a  false 
ceiling  underneath  the  obnoxious  solid 
floor  and  in  cases  false  beams  have  been 
put  in  hallways. 

The  examples  given  are  of  a  very  simple 
case.  The  matter  might  have  been  quite 
different  in  appearance  if  we  had  selected 
a  live  load  of  more  than  100  lbs.  or  of  less 
than  100  lbs.  There  would  have  been 
quite  a  difference  also  if  the  spans  selected 
had  been  different.  The  bending  moment 
varies  with  the  square  of  the  span  and  not 
directly  as  the  span. 

Tlie  formulas  I;y  wliich  the  calculation; 
were  made  are  to  be  found  in  Turneaure 
&  Maurer's  "Principles  of  Reinforced  Con- 
crete Construction."  In  all  cases  the  steel 
and  concrete  stresses  tabulated  have  been 
figured  by  straight  line  methods.  Case  4 
involving  the  elastic  limit  and  a  percent- 
age of  the  ultimate  strength  of  the  con- 
crete was  figured  by  the  parabolic  method 
to  obtain  d.  j  and  k  and  the  per  cent  of 
steel.  Case  5.  where  the  ultimate  strength 
of  both  steel  and  concrete  entered  into  the 
matter,  was  figured  by  Talbot's  flexure 
formulas  to  obtain  /.  k,  d  and  the  per  cent 
of  steel.  The  reason  for  giving  the  steel 
and  concrete  stresses  in  the  table  accord- 
ing to  straight  line  theory  was  tbat  only 
working  stresses  were  considered  and  up 
to  about  one-third  the  ultimate  strength  of 
the  concrete  the  difference  between  the 
straight  line  and  parabolic  theory  is  small. 

It  is  not  so  very  long  ago  that  nearly  all 
practical  superintendents  of  construction 
stopped  all  work  directly  over  the  beams 
where  no  bending  moment  exists  and 
where  there  is  no  shear. 

This  is  no  longer  done,  for  it  happened 
the  work  stopped  just  where  there  is  the 
biggest  tangle  of  steel,  and  good  joints 
were  hard  to  obtain.  Experiments  were 
made  and  it  was  found  that  it  is  immaterial 
where  the  work  is  stopped  so  long  as  per- 
fect joints  are  made.  Some  men  stop  in 
the  center  where  there  is  no  shear,  but 
there  the  bending  moment  is  a  ma.xinium. 
It  is  no  doubt  best  to  stop  somewhere  on 
the  beam  or  slab  where  neither  sluar  nor 
moment  are  a  maximum  or  a  niininnun. 
but  about  where  tlie  matter  will  be  equal- 
ized. 

The  slab  on  top  of  a  beam  might  readily 
be  used  as  a  part  of  the  beam,  thus  giv- 
ing us  what  is  called  a  T  beain  section. 
Owing,  however,  to  the  joint  trouble  many 
engineers  objected  seriously  to  T-beams. 
Now.  however,  that  we  can  make  joints 
anywhere  it  is  best  to  use  T-beams  in  all 
cases,  provided  they  are  poured  at  the 
same  time  as  the  slab. 

The  first  thing  to  select  in  a  T-beam  is 
the  depth,  as  this  is  often  a  big  factor  in 
head  room,  etc.  Having  selected  the  depth 
we  can  figure  out  the  width.  If  the  slab 
is  not  less  than  one-fifth  the  total  depth 
cf  the  beam  assumed,  we   can  make  a   T 


section  of  it  by  having  the  narrow  stem 
just  wide  enough  to  contain  the  steel.  The 
amount  of  steel  is  the  percentage  obtained 
by  the  assumed  depth  multiplied  by  the 
widtli  found.  Thus,  while  the  steel  per- 
centage might  be  about  1  per  cent,  still 
compared  with  the  size  of  beam  actually 
obtained  it  might  be  3  or  4  per  cent. 

The  w^idth  should  not  exceed  one-third 
the  span  of  the  beam  and  should  not  ex- 
ceed eight  times  the  tliickness  of  the  slab 
plus  the  thickness  of  the  stem  enclosing 
the  steel. 

Thus  we  see  the  ordinary  beam  formulas 
may  be  used  for  designing  T-beanis. 
Turneaure  &  Maurer  give  an  excellent 
treatment  of  T-beams.  The  tests  of  Pro- 
fessor Talbot  showed  that  practically  no 
limit  can  be  set  for  width  except  that  the 
wider  the  beam  the  greater  the  deflection 
and  of  course  the  question  of  shear  is  very 
important  where  tl:e  slab  and  stem  join. 

I  recommend  the  following  specification 
as  one  to  recommend  to  architects  when 
sending  out  plans  for  competitive  design- 
ing: 

Designers  for  tlie  reinforced  concrete 
portion  of  this  building  shall  be  held 
strictly   to  the   following   specifications: 

The  ratio  of  deformation  between  steel 
and  concrete  shall  be  15.  The  steel  fiber 
stress  shall  in  no  case  exceed  one-third 
the  elastic  limit  of  the  steel  and  a  maximum 
fiber  stress  shall  be  20,000  lbs.  per  sq.  in., 
even  if  tliis  limit  is  less  than  one-third  the 
elastic  limit. 

Concrete  in  beams  and  slabs  shall  be 
stressed  in  the  most  remote  fiber  from  the 
neutral  axis  not  to  exceed  the  following : 
The  best  broken  stone  or  washed  gravel 
concrete  mixed  w'ith  one  part  Portland 
cement,  two  parts  clean  coarse  sand,  four 
parts  clean  broken  stone  or  washed  gravel, 
not  to  exceed  7-50  lbs.  per  sq.  in.  Such 
concrete  tested  in  12-in.  cubes  at  the  end 
of  28  days  must  show  a  strength  of  not 
less  than  2,500  lbs.  per  sq.  in.  Concrete 
made  of  ready  mixed  bank  gravel  or  of  a 
1-3-5  broken  stone  or  gravel  and  testing 
not  less  than  2,000  lbs.  in  r2-in.  cubes  at 
tlic  end  of  28  days  can  be  used  with  a 
fiber  stress  of  not  to  exceed  600  lbs.  per 
sq.  in.  Cinder  concrete  made  of  a  one  to 
seven  mi.xture  of  clean  washed  screened 
cinders  can  be  designed  with  a  fiber  stress 
not  exceeding  250  lbs.  with  a  ratio  of 
deformation  between  the  steel  and  concrete 
of  30.  Concrete  in  columns  reinforced 
with  longitudinal  rods  or  bars  shall  be 
stressed  not  to  exceed  500  lbs.  per  sq.  in. 
Columns  reinforced  with  wire  or  fabric 
having  the  same  hooping  effect  as  wire 
may  be  designed  so  the  concrete  maj'  be 
stressed  in  compression  not  to  exceed  1,000 
lbs.  per  sq.  in.  No  column  reinforced  only 
with  longitudinal  rods  or  bars  can  contain 
more  than  three  per  cent  of  reinforcement. 
There  shall  not  be  more  than  5  per  cent 
of  longitudinal  reinforcement  in  wound 
or  hooped  columns  and  the  wrapping  or 
hooping  shall  never  be  less  in  amount  than 


the  longitudinal  reinforcement.  Columns 
reinforced  with  longitudinal  bars  or  rods 
must  have  the  same  tied  together  at  inter- 
vals not  greater  than  their  distance  apart, 
with  wire  not  smaller  than  a  ten  gage. 
No  deformed  or  twisted  steel  can  be  used 
in  columns.  No  columns  can  be  made  of 
cinder  concrete.  No  broken  brick  or  burnt 
clay  will  he  permitted  in  reinforced  con- 
crete work  unless  it  is  used  under  the 
specifications  for  cinder  concrete. 

For  one  span  slabs  shall  have  a  bending 
moment  figured  as  tcf/S.  For  two  and 
tliree  spans  n'/'/lO  and  for  more  than  three 
spans  7t'/"/12.  Beams  and  girders  shall 
never  be  figured  other  than  as  freely  sup- 
ported with  M:='ls.'1'/8.  Panels  perfectly 
square  may  be  considered  as  having  M  = 
n'/"/20,  but  for  panels  liaving  one  side 
longer  than  the  other  and  where  the  pro- 
portion of  width  to  length  is  less  than  1.5 
may  be  calculated  as  follows :  Let  r= 
proportion  of  load  carried  l.iy  the  sides. 

i.=length  of  panel. 

B^^readth  of  pane'.. 

Then  r  = 

V  +  B' 

Having  found  the  proportion  of  load  to 
go  each  way  u'se  ti.'r/12  to  obtain  bending 
moment.  In  all  cases  where  the  moment 
is  figured  for  other  than  freely  supported 
spans  there  must  be  adequate  reinforce- 
ment provided  for  reverse  bending  mo- 
ments at  supports.  All  beams  and  girders 
must  be  reinforced  over  supports  for  nega- 
tive bending  moments.  Proper  reinforce- 
ment for  internal  and  web  stresses  must 
be  provided  in  all  cases  where  such 
stresses  tnay  exist. 

Safe  superimposed  loads  shall  be  as  per 
the  schedule  hereto  attached.  All  the  live 
load  and  dead  load  on  the  roof  must  be 
carried  to  tlie  columns.  For  the  first  floor 
below  the  roof  the  dead  load  must  all  go 
to  tlie  columns,  but  the  live  load  may  be 
reduced  5  per  cent.  The  live  load  on  each 
succeeding  lower  story  may  be  reduced  an 
additional  5  per  cent  until  a  floor  shall  be 
reached  where  the  proportion  of  live  load 
carried  to  the  column  is  50  per  cent  and 
after  which  only  SO  per  cent  of  the  live 
load  on  the  floors  below  shall  be  consid- 
ered as  going  to  the  columns. 

Beams  shall  carry  the  full  dead  and  live 
load,  but  girders  may  be  designed  to  carry 
all  the  dead  load  plus  80  per  cent  of  the 
live  load  except  in  storage  warehouses. 

Tliirty  days  after  the  forms  are  removed 
the  superintendent  may  have  the  floors, 
or  any  portion  of  them,  tested  with  a  load 
that  shall  be  equal  to  twice  the  live  load 
plus  the  dead  load  and  after  said  load  has 
been  in  place  twenty-four  hours  the  de- 
flection shall  not  exceed  1/000  of  the  span. 

If  we  could  prevail  upon  all  architects 
over  the  country  to  put  these  requirements 
into  the  specifications  they  send  out,  the 
effect  upon  reinforced  concrete  design 
would  be  beneficial. 


April  14.  1909. 
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Nolt:  I  hi»  Section  isdcxotcJ  Co  mctho<l»  and  costs  of  cxcavatInK  earth  and 
rock  and  huilJin^  cmhankmcnt!*.  Il  will  coM-r  the  uradiiiK  <>f  r..aJ»  nnd  rnil- 
raad».  dlkinj:  and  caii;il  w..rk.  drcdKiiiK.  building  rocrxi.irs  and  earth  dams, 
•ewer  and  water  pipe  Ireiuhlnt:,  quarr>iiiK.  i"<>-- 


Methods  and  Cost  of  Preparing  Giavel 
for  Ballast.* 

PI  I    l,K.\VtL. 

The  procedure  in  prepariiiK  Rravel  (or 
ballast  varies  with  the  nature  of  the  pit 
and  the  use  to  be  made  of  the  ballast.  If  a 
pit  from  which  ballast  is  to  be  taken  is 
submerKed,  obviously  no  slrippiuK  is  neces- 
sary. If  it  is  an  upland  pit.  however,  it  is 
rarely  wise  to  omit  the  removal  ol  enough 
surface  dirt  to  leave  only  material  a>  Rood 
as  the  pit  will  furnish.  When  the  conili- 
tions  require  gravel  to  be  washed  or 
screened  il  will  still  be  found  wise  to  strip 
most  upland  pits,  as  the  surface  dirt  will 
interfere  with  the  proper  gradation  of  the 
material 

S/ri7'/«iii>;  — In  general,  the  best  method 
for  removuig  the  waste  material  is  to  use 
a  steam  shovel.  loading  the  material  into 
cars  and  using  it  to  widen  embankments. 
When  the  depth  of  stripping  is  too  shal- 
low to  permit  the  economical  use  of  a 
steam  >ho\cl.  teams  with  scrapers  can  be 
used  to  windrow  the  strippings,  using  a 
steam  shovel  to  load  the  windrows.  The 
cost  of  stripping  a  gravel  pit  with  a  steam 
shovel,  using  the  material  to  widen  em- 
bankments, when  the  haul  does  not  exceed 
20  miles,  should  not  be  more  than  l-")  cts 
per  cu    yd. 

Loading— \  heavy  steam  shovel  with  a 
dipiH-r  holding  from  2^4  to  3*4  cu.  yds. 
makes  a  most  efficient  machine  for  loading 
gravel.  Too  great  -itrcss  cannot  lie  laid 
upon  the  advisability  of  having  a  shovel 
which  has  a  large  surplus  of  strength  in 
alt  its  parts,  as  economy  in  maintenance 
and  in  the  operation,  resulting  from  lessen- 
ing the  loss  of  time  occasioned  by  stop- 
ping for  repairs,  is  very  great.  Center 
dump  cars,  which  deposit  the  material 
where  it  can  be  useil  without  any  casting 
with  shovels,  are  most  economical,  the 
larger  the  capacity  of  the  cars  the  better. 

In  connection  with  the  center  dump  cars, 
ballast  spreaders  mounted  under  a  flat  car 
are  a  necessity.  The  practice  of  placing  a 
tie  or  like  obstacle  in  front  of  the  wheels, 
allowing  them  to  skid  while  the  liallast  is 
l>eing  pushed  out  of  the  way.  is  a  bad  prac- 
tice, rcsidling  in  flat  wheels,  as  well  as 
loss  of  time  in  distribution  of  the  ballast 
Where  only  a  small  amoimt  of  ballast  is  to 
be  handled,  a  device  which  will  be  mounted 
by  the  wheels  and  will  itself  slide  on  the 
rails  can  l»e  used  to  good  advantage 

Where  only  a  very  small  lift  or  none  at 
.ill   is  to  he  made,   a   great    'aving   in   time 

•KxIrnetiHl  from  Amerlcnn  Unllwny  Rnvt- 
nrcrlnK  nnrt  Mnlntmnnrp  of  Wny  AMocla- 
tlon  eommllle*  report  on  nnllnatlnc 


•  i  applying  the  ballast  can  be  made  by  the 
use  of  a  distrilmting  plow,  which  plows  out 
the  ballast  close  to  the  tops  of  the  ties 

In  most  cases  it  will  be  found  best  to 
organize  a  crew  al  the  pit  in  charge  of  an 
able,  e.xperiei-.ced  conductor,  who  will  do 
all  of  the  spotting  of  cars  at  the  shovel, 
and,  to  a  certain  extent,  take  charge  of  the 
movement  of  the  other  trains  in  the  gravel 
service  to  the  various  distributing  points. 

Cost. — It  is  impractical  to  give  an  ap- 
proximation of  the  cost  of  preparing  the 
gravel  pit  for  operation,  as  local  conditions 
will  govern  this  entirely.  The  cost  of 
loading  the  gravel  depends  up<m  three  con- 
ditions :  ( 1 )  The  size  and  efficiency  of  the 
vhovcl.  (2)  The  deptli  of  the  bank  from 
which  gravel  is  being  loaded.  ( 3)  The 
supply  of  cars  maintained  under  the  shovel 
dipper. 

.^s  before  stated,  a  shovel  with  a  dipper 
having  a  capacity  of  2%  to  3^4  cu.  yds. 
and  designed  with  a  large  surplus  of 
strength  in  all  its  parts  makes  a  very  effi- 
cient loading  machine.  Where  the  bank 
is  10  ft.  or  more  in  depth  the  greatest  effi- 
ciency of  the  shovel  should  be  obtained. 
Not  less  than  four  pitmen  should  be  used, 
ll-at  no  time  may  be  lost  in  shifting.  Where 
the  l)ank  is  less  than  10  ft.  in  depth  it  will 
generally  be  found  that  the  frequent  shift- 
ing of  the  shovel  will  materially  reduce  the 
output  of  gravel.  It  is  assumed  that  the 
train  service  is  sufficient  to  keep  the  shovel 
supplied  with  cars  in  order  to  make  use  of 
its  full  efficiency. 

With  the  above  conditions  obtaining, 
from  2,000  to  2.'iO0  cu.  yds.  per  day  on  an 
average  can  be  handled,  the  cost  of  which 
will  be  approximately  $0.02.'i  per  yard  based 
on  the  following  rates  of  pay: 


I  Tniln  F:nKln<'">an 

I  Train     Klrinian     . 

1  I'linductor     

J  Hnik*'m<'n     .... 

I  .<liiivi-l    KiiKlm-fi- 

I  SliDVel  FIri'iniin    . 

1  Cnini'Smiin    

1  Wiilehniun    

4  I'Kinvii 


.$  4.S.'. 

.    vsr. 

7.on 
4  811 
370 
3.46 

.     :  in 

T.rtd 


Ftiel.   oil   ari'l   uuNf«*~lriilfi  and  nhovel. .    13. SO 

Toliil  IM.30 

/>M/ri7>ii<i.>ii.— The  length  oi  haul  regu- 
lates entirely  the  question  of  the  mimber 
of  trains  and  the  number  of  cars  to  a  train 
which  should  be  used.  The  one  hard  and 
fast  rule  should  be  that  the  best  of  motive 
power  be  furnished  for  this  service.  Gen- 
erally speaking,  for  hauls  less  than  10  miles 
one  train  in  addition  to  the  train  at  the  pit 
is  sufficient,  .\bove  10  miles  and  under 
.30.  two  trains  on  the  road  will  be  sufficient. 
The  imly  rule  that  can  be  stated  is  that,  to 
get  the  most  economical  handling  of  bal- 
last,   to   provide    train    »miir    1  nonuli    to 


keep  the  shovel  well  supplied  with  empties 
ill  all  times.  Where  the  haul  is  short  the 
liest  practice  is  to  put  into  one  train  only 
-  i  lu.iin  ^;lr^  ;i-  .an  be  handled  readily  by 
t!..  li.^iiu^  .\1:.  Il  are  a»signe<l  to  ihat 
»crvice.     There  i>  loss  on  short- 

haul  work  where  r  .ire  put  inio  a 

train  than  can  be  dumped  without  difficulty 
by  the  engine. 

When  the  haul  is  long  all  the  cars  should 
tie  given  to  a  train  that  can  be  moved  over 
the  division,  and  enough  set  oflf  on  the 
siding  nearest  the  distributing  point  to  re- 
duce the  train  to  such  size  that  the  engine 
can  readily  handle  it  while  dumping.  This 
applies  to  center  dump  cars,  where  the 
movement  of  the  train  when  being  un- 
loaded is  very  much  harder  than  when  on 
the  road.  In  some  cases  it  will  be  found 
economical  to  provide  a  train  for  the  pur- 
pose of  taking  the  loailed  cars  at  the  end 
of  a  long  haul  and  unload  them.  It  fre- 
quently happens  that  unforeseen  delays  oc- 
cur during  the  unloading  which  will  seri- 
ously cripple  the  through  movement  of  the 
gravel  trains,  and  on  very  long  hauls  the 
unloading  train  can  be  economically  em- 
ployed. 

The  cost  of  movement  from  the  pit  and 
distributing  on  the  track  depends  wholly 
upon  the  length  of  the  haul  and  conges- 
tion of  traffic.  The  actual  time  consumed 
in  distribution  with  center  dump  cars  is 
immaterial.  3fi  minutes  being  sufficient  time 
for  the  unloading  of  a  trajn  of  from  400 
to  500  cu.  yds. 

WASHED  OR   SCBEE.VEK  GR.WEL. 

The  essential  features  of  a  plant  for  this 
purpose  are :  ( 1 )  Positive  separation  of 
material  into  definite  grades.  (2>  Capacity 
to  furnish  gravel  in  quantities  sufficient  for 
economical  use  as  ballast.  (3)  Economical 
operation.  (4)  Economical  disposition  of 
the  refuse,  l>oth  lioulders  and  fine  mate- 
rial. 

To  fulfill  the  first  requirement  a  plant 
must  be  so  designed  as  to  separate  the 
material  handled  into  dust.  sand,  gravel 
and  cobbles  or  boulders.  If  these  grades 
are  not  separated  the  proper  proportion  of 
sand  and  gravel  necessary  for  the  best 
results  cannot  be  obtained. 

In  distributing  Killast  on  track  it  is  obvi- 
ously necessary  to  produce  the  gravel  in 
large  enough  quantities  to  permit  the  or- 
ganization of  the  track  forces  on  an  eco- 
nomical basis.  .-V  plant  which  will  pro- 
duce gravel  at  a  cost  which  would  make 
il  commercially  profitable  may  be  too  small 
III  produce  Inllasi  economically.  That  the 
screening  plant  must  pr«xluce  the  gravel 
rconoiically  is  obvious. 

In  the  preparation  of  quantities  of  bal- 
last there  is  necessarily  produced  a  large 
amount  of  mud,  sand  and  b<-'ulders  or  cob- 
bles. To  work  >.  ■  "v  a  plant  must 
be  so  devised  as  i  'f  this  rejected 
material.  The  stones  should  be  run 
through    a    crusher    and    returned    to    the 
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gravel  for  ballast,  not  only  increasing  the 
output,  but  improving  the  quality. 

Plants  for  the  washing  or  screening  of 
gravel  naturally  divide  into  two  types:  (1) 
Those  for  handling  material  from  sub- 
merged beds  of  gravel.  (2)  Those  for 
handling  material  from  upland  gravel 
banks. 

The  plant  of  the  Union  Sand  &  Material 
Co.,  Soutli  Memphis,  Tenn.,  is  a  typical 
submerged  gravel-bed  washer,  and  the 
Lake  Shore  &  Michigan  Southern  plant  at 
Pleasant  Lake  is  typical  of  the  upland 
washer. 

Union  Sand  &  Material  Co.'s  Plant. — 
The  equipment  used  to  get  this  gravel 
from  the  river  is  a  fleet  of  one  tug  and 
six  barges,  with  a  capacity  of  between  2.50 
and  300  cu.  yds.  each ;  one  dredge,  with 
two  15-in.  centrifugal  pumps,  each  equipped 
with  a  length  of  pipe  varying   from  30   ft. 


overhead  carrier,  there  have  been  four 
clusters  of  piles  driven  under  each  leg. 
This  overhead  carrier  hangs  at  an  angle 
of  about  30  degrees  from  the  horizontal, 
the  river  end  being  the  lower.  At  each  end 
of  this  carrier  there  are  a  number  of  pul- 
leys, upon  which  are  operated  the  wire 
cables  to  handle  the  5-yd.  clamshell  bucket. 

The  type  of  engine  used  to  operate  this 
clamshell  bucket  is  the  regular  four-drum 
Lidgerwood.  One  man  operates  all  the 
machinery  connected  with  this  bucket. 

The  river  end  of  the  overhead  trolley 
system  extends  out  sulificiently  from  the 
river  to  enable  the  clamshell  to  be  lowered 
directly  over  the  barge  after  it  lias  been 
placed  in  front  of  the  plant  of  the  tug. 

The  overhead  trolley  system  is  placed 
at  right  angles  to  the  river  and  the  sand 
and  gravel  is  transported  to  the  bins  by 
simply  raising  the  clamshell  until  it  comes 
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Fig.    1 — Gravel    Washing    and   Screening   Plant. 

in   contact   with  the  hook  in   the   overhead 


'to  75  ft.,  depending  upon  the  depth  of  the 
water.     These  suction  pipes  can   be  moved 

'horizontally  and  raised  and  lowered  by 
means  of  a  derrick  with  boom  extending 
out  from  the  front  of  the  dredge.  The 
two  centrifugal  pumps  can  load  a  barge  in 
about  one  hour  and  ten  minutes,  and,  as 
the  average  distance  traversed  from  the 
barge  to  the  plant  is  about  1%  miles,  the 
tug   is   kept   busy   transporting   the   loaded 

.and  empty  barges.  Figure  1  shows  a  sec- 
tion of  a  typical  plant. 

The  machinery  on  this  barge  was  fur- 
nished by  the  Morris  Machine  Co.  of 
Baldwinsville.  N.  Y.  The  dredge  is  about 
130  ft.  long.  30  ft.  wide  and  heavy  con- 
struction.    The  barges  are  1.30  ft.  by  30  ft 

■over  all. 

The  plant  consists  of  two  boilers,  fur- 
nishing steam  to  an  engine  with  12%xl0-in. 
cylinders.    This  engine  furnishes  power  for 

■running  the  plant,  as  well  as  pumping 
water  to  wash  the  gravel,  of  which  about 
1,500  gallons  per  minute  is  >ised. 

The  plant  proper  is  built  up  on  a  net- 
work of  creosoted  piles,  driven  down  well 
into  the  bank  of  the  river.  These  piles 
are   all  cut  off  at   the  same   elevation   and 

'have  cribbing  placed  on  top  of  them,  upon 
which  the  plant  has  been  erected.  On  the 
river  side  of  the  plant,  wliere  the  four-leg 
tower  has  been  erected,  whicli  supports  the 


trolley  system.  As  soon  as  the  contact  is 
made  witli  this  hook,  motion  away  from 
the  river  is  commenced  and  the  material 
in  the  bucket  can  be  dumped  at  any  point 
desired  along  the  entire  length  of  the  over- 
head trolley,  this  being  at  the  command  of 
the  engineer. 

On  the  land  side  of  the  tower  support- 
ing the  overhead  trolley  are  built  the  bins 
for  the  receiving,  washing  and  storing  of 
the  various  kinds  of  sand  and  gravel  ac- 
quired. 

The  gravel  is  dumped  about  half-way  on 
the  overhe;id  trolley  into  a  large  hopper. 
,\t  the  bottom  of  this  hopper  is  a  gate ; 
directly  under  the  gate  is  a  belt  conveyor, 
whicli  operates  over  concave  rollers.  In 
the  concave  belt  is  dropped  the  grnvcl  by 
means  of  the  gate.  This  conveyor  runs  at 
an  angle  of  about  45°  to  the  overhead 
trolley,  and  at  its  end  is  another  hopper 
smaller  than  the  first  one,  but  worked  in 
tlie  same  manner,  over  which  all  of  the 
gravel  is  carried  to  a  second  belt  conveyor 
of  the  same  character  as  the  first,  which 
operates  at  right  angles  to  the  first  con- 
veyor and  deposits  the  gravel  as  it  comes 
from  the  barge  into  the  chute,  where  the 
water  is  turned  on  the  sand  and  gravel  for 
the  first  time. 


The  gravel  then  is  washed  down  various 
chutes  and  sluiceways  and  over  different 
mesh  screens  to  separate  the  finer  gravel. 
.A.S  the  gravel  is  separated  by  this  different 
mesli  screening,  it  ii  carried  through  by 
means  of  sluice  boxes  to  the  proper  bin, 
and  there  deposited  ready  to  be  loaded 
into  the  cars  at  any  time.  This  is  done  by 
simply  opening  the  gates  placed  in  the  bot- 
tom of  the  bins,  which  are  built  sufficiently 
long  and  with  a  sufficient  number  of  gates 
to  load  an  average  length  car  at  one  spot- 
ting. Figure  1  shows  the  arrangement  of 
these  screens,  sluiceways  and  bins. 

The  waste  water  carrying  the  sand  goes 
through  a  large  box,  which  has  an  outlet 
near  the  top.  This  box  has  a  movable  bot- 
tom and  as  the  sand  goes  into  the  box  it 
is  dumped  directly  into  the  bin. 

The  gravel  turned  out  may  contain  any 
required  amount  of  sand.  That  is,  one  kind 
of  gravel  used  for  roofing  purposes  is  en- 
tirely free  from  sand  and  is  supposed  to 
go  through  a  screen  that  has  a  mesh  of 
%-in.  to  %-in. 

The  gravel  that  goes  through  a  screen 
from  1-in.  to  %-in.  is  called  binder  gravel, 
and  is  used  for  building  purposes,  where 
a  clean  gravel  is  required. 

The  gravel  furnished  for  concrete  pur- 
poses, where  it  has  not  been  washed, 
usually  contains  from  25  to  45  per  cent  of 
sand,  depending  upon  the  order  given. 

The  gravel  furnished  the  railroad  com- 
pany for  ballasting  tracks  contains  from  25 
to  .35  per  cent  sand  and  is  free  from  all 
large  rocks  or  foreign  material. 

The  track  facilities  consist  of  three  par- 
allel tracks,  each  of  which  extends  suffi- 
ciently far  beyond  the  bin  to  hold  six  cars. 
If  only  one  kind  of  gravel  is  being  loaded 
at  a  time,  the  tracks  are  of  sufficient  length 
to  enable  30  cars  to  be  loaded,  but  it  is 
necessary  for  the  switch  engine  to  make 
a  shift  of  cars. 

The  plant  is  operated  by  a  superintend- 
ent, first  and  second  engineer,  blacksmith 
and  helper,  timekeeper  and  various  hc'P 
needed  aronnd  the  plant  and  on  the  barges. 
This  force  is  exclusive  of  tlie  forces  em- 
ployed on  the  tug  and  on  the  dredge. 

The  tracks,  before  they  reach  the  plant, 
have  been  built  up  on  a  pile  trestle  for  a 
distance  of  about  200  ft.  In  fact,  all  the 
tracks  around  the  plant  proper  are  sup- 
ported by  creosoted  pile  trestles. 

On  the  river  side  of  the  plant  there  has 
been  a  pile  breakwater  built  to  protect  the 
plant  from  tlie  drift  coming  down  at  a 
high  stage  of  the  river. 

The  plant,  designed  by  Brenneke  Sr  Fay, 
of  St.  Louis,  cost,  ready  for  business,  ap- 
proximately $140,000,  and  the  life  of  it  is 
expected  to  be  15  years. 

The  maintenance  per  year  is  figured  at 
from  2  to  5  per  cent  of  the  first  cost,  the 
yearly  maintenance  varying  largely  on  ac- 
count of  the  varying  conditions,  as  it  can- 
not be  calculated  just  wliat  machinery  will 
have  to  be  replaced  during  the  year. 
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loaded in  (rum  !M  minutes  to  one  hour. 

The  daily  output  of  the  plant  is  depend- 
ent upon  KO>>d  wurkini;  condilioiit  at  the 
f.irne.  K^iod  I'      '  "  '        r>   at  the 

I'l.int.  and  lilt'  An  en- 

^!  tlic  iilant  for 
■inl  i«  I'ladcd  into 
iiu    kill!  oi  K'a^ei  '   car«. 

iUjiJHl    l.akt  ■■kf    Short    6f 

iluhinttn  SoulhffH  Ky. — This  company 
rrrc'f.l  a  plant  in  IJKV>  operated  by  electric- 
ii>.  I  >!rd  at  Kiipel,  a  few  miles  south  of 
>.  :tii  Itcnd,  Ind  The  cumpaiiy  put  up 
ai'  tiler  plant  in  IM)*!  at  l'lra>ant  Lake,  a 
^!i   :•     .!!  ■  'th    oi    Waterloo,    Ind. 

Ill-    ;■!  .  .ted   liy   ileam.     .As   this 

form  of  motive  power  is  more  general  in 
3v:iilability,  it  it  the  one  illustrated  in  this 
report.  .'\s  the  Rupel  plant  was  the  pioneer, 
the  Pleasant  Lake  plant  h.-id  the  benefit  of 
the  experience  gained  there. 

The  gravel  from  the  pit  at  Pleasant 
Lake  is  a  line  gravel,  niixrd  uitli  much 
sand,  some  stone  and  bouldvr.s  and  a  mini- 
mum amount  of  clay  and  luain.  The  ob- 
ject in  washing  the  pit-run  gravel  is  to  re- 
move all  the  clay  and  loam,  to  crush  the 
stone  and  Uiulili'r>  for  ballast  and  to  sep- 
arate the  sand  from  the  gravel,  loading 
the  sand  in  car*  on  one  track  and  the 
■■..'■■■'-     ■  '    :■       .■        ■  '^or   track. 

(    ■      -;':;'i':';.^     ;-  ;.     >;r,i';ing    ma- 

chines and  the  nuterial  wasted.  The 
gravel  is  loaded  by  means  of  a  75-ton 
steam  shovel  using  a  3Vi-yd.  dipper.  The 
loading  face  is  40  ft.  The  material  handles 
well  It  is  loaded  into  40  cu.  yd.  solid  steel 
enter  dump  ballast  cars  of  100.000  lbs. 
i.il'.icity  One  huntlrcd  and  twenty-five 
cars  of  this  kind  have  Sieen  loaded  as  a 
maximum  in  one  working  shift  of  10 
hours,  in  which  the  shovel  was  actually 
working  "H  hours.  Two  engines  and 
crews  are  used  to  spot  the  cars  at  the 
"li'i^rl,  haul  the  gravel  to  the  washer  and 
'Iriip  these  in  the  hopper  there.  The  cars 
.T-.    '  .    I'd  up  a  stiff  grade. 

1 :  L  rieasant  I^kc  plant  is  a  wooden 
trestle  structure  on  concrete  foundations. 
It  is  driven  by  a  ^Xi-M  I'  Erie  steam  en- 
gine     The     water     is     supplied     for     this 

^•n  10-in 
pump, 
r,t(cd   ;il  t'l     head 

TIt  piitr;  •"  ft    long 

.im!  !.'  :•  litt  .\  test  shows  that  la'il  II  P. 
IS  tni'.iircd  to  drive  the  pump  and  132 
I  H.P  for  operating  the  entire  plant.  .About 
1,700  gab.  of  water  are  used  per  day  in 
actual  operation  The  conveyor  for  the 
pit  run  or  raw  gravel  vtA*  furnishrd  by 
the    Link    H'll    Cn     .md    ;•-!«    3    •riixinnim 

,..      ■  ■    10 

h'-'irs.        1  .  -tice, 

and  IS  discharged  together  with  the  water 
for  washing  on  a  flume  6  ft  wide  and  R 
ft.  long.     The  water  is  allowe<l  to  escape 


IroMi   an    ^ m     pnx-    turoimii    a    "duck-bill 
noxile.      This    lliime    discharitrs    on    a    bar 
screen    ■•  I    a    %»-in 

mesh  \«  I  :.illcl  to  it. 

The  bar  screen  removes  all  stone  and 
boulders,  which  at  once  pass  to  a  Gates 
rock  crusher,  where  the  stones  are  all 
crushed  small  enough  for  ballast  and  re- 
turned to  the  bar  screen  again  until  all 
passes   ihroi!.  thus   im- 

proviii);   thr  -'I   output. 

Tl  .h   the 

ba:  4  ,  .  over 

or  through  a  .'l-lti-in.  and  ^-in.  mesh,  re- 
spectively. The  gravel  passing  over  these 
screens  passes  to  the  ballast  cars  and  the 
sand  to  sand  cars.  The  separation  of  the 
water  from  the  sand  in  Ihc^e  large  quaiili- 
ties  gave  some  trouble  at  first.  The  sand 
settles,  as  shown  in  the  skeleton  side  ele- 
vation, in  a  funnel  with  a  valve  at  the 
bottom.  The  water  and  sand  are  admit- 
ted. The  water  flows  over  three  sides  of 
the  square  funnel  and  is  wasted.  When 
the  funnel  is  nearly  full  of  sand  the  attend- 
ant opens  the  valve  and  .-illows  the  sand  to 
escape  into  the  bin  below.  Only  station- 
ary screens  are  used ;  revolving  screens 
have  proven  unsatisfactory.  The  maximum 
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Fig,   2 — Blasting    Cementing   Gravel. 

capacity  of  this  plant  is  4,000  cu.  yds.  of 
raw  or  pit- run  gravel  per  day  of  10  hours. 

About  40  men  are  employed.  This  in- 
cludes one  steam  shovel  crew,  four  train 
crows  and  sc\cral  men  calking  cars  with 
lath,  shingles  and  hay  to  make  them  hold 
wet  sand. 

The  cost  per  cubic  yard  of  the  washed 
gravel  varies  much  with  the  percentage  of 
washed  gravel  obtained  from  the  pit-run 
gravel.  Some  pits  show  40  per  cent,  some 
•V>  per  cent  of  washed  gravel  Others  show 
C5  per  cent,  while  some  pits  promise  to 
show  90  per  cent  of  washed  gravel.  The 
market  for  the  sand  has  a  considerable  ef- 
fect upon  the  net  price  of  the  finished 
product.  Of  course,  the  amount  of  strip- 
ping and  the  cost  of  the  land  are  impor- 
tant elements  Ko  general  rule  is  safe, 
but   it   is   not   uik'  '  '     to  expect   that 

pits    may    !)<•{•  ;  e    the    washed 

gravel  wouM  it  twice  as  much  a- 

ihr  raw  .r  j.  vel. 

■  KUCNTINr.  CtAVn.. 
I  liLTc    arc    two    principal    pointv    m    tl  ■ 
territory   ea«t   of    Memphis    where   i-cnu-m 
ing  gravel    1 
supplying  b.i 

Miss.,  on  tli  Ky.,  known  as  the 

Tishomingo  1 .  :i,  owned  and  oper- 
ated   by    the   Tishomingo    Gravel    Co.,   of 


.Mcmpiiis.     irii:  e, 

Tcnn ,  on  the    '  1- 

M'ti    of   the    Njsh'.:Ilc,    I  ,V    St. 

I...v•^     Hv .    owned    and  :<y    the 

I                   'iravel  &   Ballast  Co.,  oi  Mem- 

!•-     . 

As  the  character  of  the  gravel  and  the 
manner  of  working  the  two  pits  are  some- 
vshai  difTerent,  they  will  )>e  handled  sep- 
arately. 

I  iihngmgn    Cravtl — This    i*    a    waler- 

rc- 
.,  >d 

with   a   steam   shovel.     It   is  A 

20  per  cent  clay,  5  per  cent  •_;  ..  75 

per  cent  gravel  This  gravel  as  a  rule  is 
small  and  none  of  it  lar;--  - -^  to  re- 
quire crushing  to  make  i:  ■tr  bal- 
lasting purposes  In  order  to  ^el  it  in 
shape  to  lo.id  with  steam  shovel,  it  is  loos- 
ened up  by  blasting  Tl::  '-d 
by  digging  a  tunnel  iU-  in 
cross-section  into  the  material  a  distance 
of  about  26  ft.,  tlien  turning  at  right  angles 
for  a  distance  of  10  ft.  (see  Fig.  2).  This 
digging  is  done  by  a  man  lying  down  using 
a  pick  with  a  very  short  handle  The  cost 
of  diggiiig  tlicso  tunnels  is  .>)  cts    f>cr  foot. 

The  charge  is  placed  in  the  extreme  end 
of  the  tunnel  and  a  portion  of  it  refilled 
as  shown  on  sketch.  From  75  to  100  car- 
loads of  material  is  loosened  up  at  each 
blast.  This  material  is  then  loaded  by 
steam  shovel  onto  cars.  The  cost  of  this 
material  is  as  follow  s : 

Loading,  per  yard  .$0.09 

Hauling,  per  yard    ...  .  050 

L'nloading  and  distributiiiK 007 

Putting  under  ties  and  surfacing 0.11 

Total  .$0.47 

The  ad\  ,rc:     Small 

cost,  quick  holds  track 

in  line  and  surface  well  under  fairly  heavy 
traffic,  docs  not  chum,  very  little  dust  and 
has  great  resistence  to  erosion  by  water. 
Considered  an  excellent  ballasting  mate- 
rial. Has  the  disadvantage  of  growing 
prolific  crops  of  weeds  and  grass,  making 
it  costly  to  keep  clean. 

f\-rrytiUf  Crati-I  — This  is  an  angular 
gravel  lying  in  compact  mass  requiring 
blasting  before  it  can  be  handled 

Large  pockets  of  clay  are  encountered, 
making  it  preferable  to  load  by  hand  in 
order  to  get  the  best  nuterial.  It  is  com- 
posed of  10  per  cent  clay  and  90  per  cent 
gravel,  with  chemical  analxsis  of  97  per 
cen*  silicn  2 '<  p«-r  ■rr-  .il'-iTiina  and  0.6 
I'  I  in  this  pit 

',\  has  to  be 
d  before  suitable  for  use.     The  cost 
■  ■i  !..!>  gravel  per  yard  is  as  follows: 

F.  O.  B.  cars  at  pit,  per  yard $0,274 

'    «.  100-mile  train  service,  per 

0,30 

004 

facing    . 

Total  $07m 


294 


ENGINEERING-CONTRACTING 


Vol.  XXXI.     No.  15. 


Comments  on  Dump  Wagons. 

(Concluded  from  p.  25^,  .\pril  7,  1909.) 

We  conclude  our  comments  on  dump 
wagons,  first  taking  up  the  class  known  as 
special  dumps. 

The  Turn-Turtle  Wagon  Co.,  of  Indian- 
apolis, Ind.,  are  the  manufacturers  of  the 
Turn-Turtle  dump  wagon.  The  wagon  is 
made  of  steel  throughout.  The  body, 
which  is  box  shaped,  with  the  rear  end  on 
such  an  angle  as  to  admit  of  dumping,  is 
pivoted  on  the  frame  and  held  in  place  by 
a  catch.  When  this  catch,  controlled  by  a 
lever,  is  released,  the  body  turns  turtle 
automatically,  thus  dumping  the  entire  load. 
The  body  turns  clear  over,  so  that  there  is 
no  possibility  of  any  material  remaining 
in  it. 

Tlie  smallest  size  made,  having  a  ca- 
pacity of  40  cu.  ft.,  is  only  4  ft.  5  ins.  high 
from  the  ground  to  top  of  body,  and  the 
wheel  base  is  but  7  ft.  11  ins.  The  short 
wheel  base  makes  the  wagon  light  draft, 
while  its  low  height  reduces  the  cost  of 
shoveling. 

Any  material  that  will  dump  by  gravity 
can  be  hauled  and  dumped  in  this  wagon, 
and  as  the  load  is  dumped  to  the  rear  of 
the  box,  the  dumped  load  cannot  interfere 
with  the  movement  of  the  wagon  on  the 
dump.  In  dumping  asphalt,  it  is  stated 
that  the  wagon  dumps  its  load  in  a  solid 
block,  like  a  jelly  mold,  thus  preventing 
the  air  from  circulating  through  the  mass, 
as.  is  the  case  with  asphalt  dumped  from 
other  wagons.  When  it  is  desired  to 
shovel  part  of  the  load  from  the  wagon  a 
snubbing  device  is  furnished,  for  holding 
the  rear  point  of  the  body  level  on  the 
rear  axle,  allowing  the  men  to  stand  on 
the  ground  and  shovel  with  ease  from  the 
rear  of  the  wagon.  As  the  body  is  a  solid 
box  it  is  not  possible  for  it  to  leak  or 
spill  any  part  of  its  load.  The  wagon  is 
made  in  four  sizes,  I'A,  2,  2V^  and  3  cu. 
yds.  capacity. 

Geo.  H.  Holzbog  &  Bro.,  of  JefTerson- 
ville,  Ind.,  manufacture  a  dump  wagon  that 
could  be  classed  under  the  head  of  a  spe- 
cial dump  wagon,  but  we  have  already  de- 
scribed it,  in  this  series  of  articles,  with 
the  end  dump  wagons. 

The  Tiiifin  Wagon  Co.,  of  Tiffin,  O., 
manufacture  a  wagon  known  as  the  Four 
Bucket  steel  dumping  wagon.  This  wagon 
has  four  compartments,  each  being  a  round 
bottom  box,  pivoted  at  the  center,  so  as  to 
be  revolved  in  being  dumped.  These  boxes 
are  made  of  steel,  while  the  rest  of  the 
wagon  is  of  wood.  On  one  side  is  a  foot- 
board for  the  driver  to  walk  on  in  dump- 
ing. Each  bucket  or  compartment  can  be 
dumped  separately,  or  they  can  all  be 
dumped  at  the  same  time.  Each  bucket 
holds  one-half  yard.  The  bed  can  be  used 
on  any  ordinary  wagon  gear.  Four  differ- 
ent kinds  of  materials  can  be  loaded  and 
hauled  at  one  time,  or  materials  can  be 
measured  and  proportioned  in  the  buckets. 


thus  the  wagon  can  be  used  in  feeding  con- 
crete mixers.  The  wagon  w-as  designed 
for  hauling  stone,  gravel,  sand,  ashes  or 
earth,  and  it  is  stated  that  it  will  do  eco- 
nomical work  in  road  building.  The  wagon 
can  also  be  used  for  hauling  wet  garbage. 
The  wagon  has  a  wheel  base  of  7  ft., 
weighs  1,800  lbs.,  and  has  a  height  of  4 
ft.  7  ins.  from  the  ground  to  top  of  side. 

The  Bergen  Point  low  body  wagon  is 
manufactured  by  the  Bergen  Point  Iron 
Works,  149  Broadway,  New  York.  This 
is  not  a  dump  wagon  in  the  ordinary  sense 
of  the  wora,  for  there  is  needed  a  dump- 
ing machine  to  dump  the  wagon,  hence  we 
have  classed  it  among  the  special  dumps. 

The  principle  of  the  construction  of  this 
wagon  is  to  obtain  a  low  body  that  can  be 
filled  at  the  minimum  expenditure  of  mus- 
cular effort.  The  manufacturers  claim  that 
the  power  or  energy  expended  in  filling  a 
wagon  is  the  product  of  the  load  multi- 
plied by  the  height  of  the  top  of  the 
wagon  above  ground.  Therefore,  with  the 
same  expenditure  of  enfergy  one  of  their 
wagons  can  be  loaded  in  one-half  the  time 
that  a  wagon  standing  twice  as  high  above 
the  ground  could  be  loaded ;  or,  given  the 
same  time  for  loading,  one  of  their  wagons 
could  be  loaded  with  one-half  the  labor 
under  the  same  conditions. 

As  the  wagon  is  not  required  to  clear 
its  load  after  dumping,  it  can  be  built  very 
low.  The  body  is  lifted  off  of  the  running 
gear  by  a  dumping  machine  and  dumped 
by  being  turned  over.  Thus  the  wagons 
are  adapted  for  handling  any  material 
which  has  to  be  disposed  of  at  a  given 
point,  provided  sufficient  materials  have  to 
be  handled  to  pay  for  the  expense  of  set- 
ting up  a  dumping  machine.  This  would 
seem  to  make  the  wagon  especially  adapted 
for  collecting  city  refuse,  which  often  has 
to  be  loaded  from  large  cans  or  boxes, 
and  generall}'  is  disposed  of  at  one  or  more 
fi.xed  points,  being  so  great  in  total  volume 
that  the  cost  of  a  dumping  machine  is 
relatively  insignificant.  The  bodies  of  the 
wagons  are  made  of  steel,  and  as  they  are 
solid  will  not  leak. 

The  Cator  Dump  Wagon  Co.,  of  Pal- 
myra, N.  Y.,  make  both  a  dump  wagon  and 
a  dump  box,  both  being  built  on  the  same 
principle.  This  wagon  might  be  called  a 
side  dump  wagon.  The  running  gear  and 
frame  work  are  made  of  wood,  but  the 
body  is  made  of  steel.  A  heavier  and  larger 
wagon  is  made  entirely  of  steel  with  the 
exception  of  the  wheels  and  tongue.  The 
body  is  a  rounded  bottom  steel  tray  that 
is  trunnioned  lengthwise  and  dumps  by 
revolving,  thus  dumping  the  load  from  the 
side  or  top  of  body,  yet  dumping  the  ma- 
terial under  the  wagon.  The  load  is 
dumped  by  means  of  a  hand  wheel  in  front 
of  the  drivers,  acting  on  a  bevel  gear.  The 
box  being  supported  by  trunnions  enables 
the  teamster  to  dump  the  load  on  either 
side  of  the  wagon.  A  part  or  the  whole 
of  a  load,  it  is  stated,  may  be  dumped  in 
one  place,  or  the  load  may  be  evenly  dis- 


tributed. By  a  tilting  device  the  edge  of 
the  box  may  be  lowered,  making  it  much 
easier  to  be  loaded  by  shoveling.  The 
tray  is  built  just  like  a  boiler  and  is  water 
tight.  This  makes  it  valuable  for  carrying 
wet  garbage,  concrete,  mortar  and  similar 
materials. 

.A-S  there  are  no  doors  to  the  wagon,  the 
dumped  load  canot  in  any  way  interfere 
with  the  free  movements  of  the  wagon. 
The  regular  size  of  the  wagon  is  of  1% 
cu.  yds.  capacity,  and  weighs  about  2,000 
lbs.  However,  larger  size  wagons  are  also 
built.  The  wagon  does  not  have  a  fifth 
wheel,  there  being  instead  a  ball  and 
socket  joint  which  provides  for  plenty  of 
rock  and  perfect  freedom  in  turning  under 
all  conditions.  The  axles  are  made  of 
steel.  The  portable  dump  box,  built  by 
this  company,  fits  any  wagon  gear.  .As 
stated,  it  operates  in  the  same  manner  as 
their  dump  wagon. 

The  Buffalo  Pitts  Co.,  of  Buffalo,  N.  Y., 
make  a  side  dump  wagon  or  car.  This 
wagon  is  meant  to  be  pulled  in  trains  by 
a  traction  engine.  Mounted  on  broad  tired 
wheels,  it  is  built  like,  and  greatly  resem- 
bles, a  two  way  dump  car  used  on  con- 
struction work,  and  run  on  rails.  The 
side  of  the  car  drops  down  on  hinges  like 
a  tail  gate,  and  the  car  is  tilted  to  an  angle 
of  45  degrees,  to  deliver  the  load,  the 
mechanism  to  accomplish  this  consisting  of 
a  train  of  spur  gearing  multiplied  so  that 
one  man  with  a  crank  can  easily  operate  it. 

The  box  has  a  capacity  of  12  to  15  tons 
over  good  roads.  The  car  can  be  hitched 
at  either  end.  The  wheels  are  40  ins.  in 
diameter,  12-in.  tire,  %  in.  thick.  The 
width  across  the  outside  of  wheels  is  6  ft. 

The  Russell  &  Co.,  Massillon,  Ohio,  also 
manufacture  a  side  dump  wagon  for  use 
with  traction  engines.  This  company 
makes  either  flat  top,  box  bed,  center,  side 
or  end  dump  wagons. 

Two  other  wagons  that  may  be  consid- 
ered as  special  dump  wagons  have  already 
been  commented  upon  in  this  series  of 
articles.  (See  Engineering-Comtr.acting, 
Feb.  17,  1909,  p.  131  and  132.)  One  of 
these  was  the  invention  of  George  Perrine 
and  D.  L.  Hough  and  is  being  used  in 
building  the  Pennsylvania  tunnel  under 
Manhattan,  while  the  other  was  invented 
by  Wm.  J.  Newman  and  has  been  used  on 
various  work  in  the  city  of  Chicago. 

No  matter  what  kind  or  style  of  wagon  is 
used  an  important  consideration  in  pur- 
chasing is  the  draft.  Is  it  of  light  draft? 
This  means  not  only  increased  loads  and 
larger  loads,  but  it  also  means  the  saving 
of  horse  flesh.  Sometimes  an  empty  wagon 
may  be  as  hard  to  draw  as  a  light  draft, 
loaded  wagon.  The  important  features  of 
a  wagon  to  consider  as  to  draft  are  the 
sizes  of  the  wheels  and  axles,  especially 
the  skeins  and  the  bo.xes  of  the  wheels. 
The  injury  and  breaking  of  either  the 
skeins  or  the  boxes  of  the  wheels  mean 
that    the    wagon    will    pull    hard,    so    new 
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skciiis  kir  Lioxcs  tliuulU  Ik  iubititiitcJ  at 
one*. 

The  si/c  and  character  of  the  fifth  wheel 
affects  the  Uraft.  Whether  the  wagun  i« 
to  be  operated  in  a  city  or  in  the  country 
plays  an  important  part  with  the  character 
of  the  tifth  wheel.  This  is  also  a  con>iilcr- 
ation  in  selecting  the  kind  of  a  tongue  to 
be  used.  In  the  cily  in  hauling  over  rough 
pavements  with  heavy  loads,  springs  on 
the  wagon  lighten  the  draft. 

.\  short  wheel  base  gives  light  draft, 
and  so  does  close  coupling  of  the  horses 
to  the  wagon. 

For  hauling  in  the  country  the  tires  uf 
the  wheels  should  always  be  wider  than 
for  city  use,  but  even  for  country  use  the 
tires  can  be  made  too  wide,  when  horses 
are  used  to  draw  the  wagon. 

.Ml-steel  wheels  arc  now  being  manufac- 
tured and  used  on  wagons.  When  these 
wheels  were  first  put  on  the  market  the 
hubs  were  made  of  one  solid  piece,  conse- 
quently when  it  became  worn  on  the  in- 
side the  entire  wheel  had  to  be  discarded. 
Consequently  some  of  the  manufacturers 
have  fitted  the  hubs  of  their  all-steel  wheels 
with  inside  boxes,  which  can  be  renewed 
as  they  become  worn.  The  Bruner  Steel 
Wagon  Co.,  of  Wapakoneta,  Ohio,  make 
an  all-steel  whetl  of  this  kind.  Their 
wheels  arc  also  made  of  sheet  steel,  cold 
pressed,  being  a  solid  wheel,  instead  of 
one  with  spokes  and  rim.  This  company 
also  makes  all-steel  wagons. 

Steel  single  and  double  tires  and  neck 
yokes  for  wagons  are  being  used  more  and 
more  each  year.  They  arc  light  and  strong, 
and  ill  the  opinion  of  many  teamsters  and 
contractors  have  decided  advantages  over 
those  made  of  wood,  which  arc  easily 
broken,  or  if  made  strong  enough  are  very 
heavy.  Many  wagon  manufacturers  are 
equipping  their  wagons  with  these  steel 
single  and  double  tires  and  neck  yokes. 
Two  of  the  manufacturers  of  these  tires 
and  yokes  are  the  Bruner  Steel  Wagon 
Co.,  of  Wapakoneta,  Ohio,  and  the  Pitts- 
burg Tubular  Steel  Whifllctree  Co.,  of 
Pittsburg,  Pa. 

At  different  times  there  have  been  placed 
on  the  market  wagon  loaders  that  are 
meant  to  be  attached  to  w.igons,  and,  as 
they  travel,  load  earth  into  the  wagon. 
A  machine  that  could  be  attached  and  de- 
tached quickly  and  stand  up  under  its 
work  would  no  doubt  prove  valuable,  but, 
so  far  as  we  know,  all  those  thus  far  of- 
fered for  sale  have  been  withdrawn  from 
the  market. 

The  Quick  I'nioading  Car  Chute,  manu- 
factured by  the  Quick  Unloading  Car 
Chute  Co.  of  Birmingham.  .Ma.,  is  a  wag- 
on loader.  This  consists  of  a  dump  box 
that  is  attached  to  the  side  of  a  gondola 
or  hopper  bottom  car  that  has  to  be  un- 
loaded into  wagons.  The  material  is  shov- 
eled into  these  dump  boxes  or  car  chute*, 
and  when  one  is  full  a  wagon  drives  up 
under  it,  when  the  load  is  discharged  into 
the  wagon,  without  loss  of  time     This  ar- 


raiigciiiciit  prtvenl^  tin-  I  by  the 

shovelers    in     waiting     r  to    be 

loaded  and  also  of  lu.^t  tiam  nine,  while 
the  horses  are  standing  itjle  lor  the  men  to 
Kiad  the  wagon.  This  device  will  no  doubt 
prove  economical  in  unloading  sand, 
gravel,  broken  stone  and  other  materials 
from  cars.  It  was  illustrated  and  described 
in   E.SGl.NEU<isc-Co.NTiiAi.TiNG,  Jan.  8,  1908. 

Materials  of  all  kinds  are  now  being 
hauled  in  dump  w.ig(>iis,  and  there  are 
many  designs  of  wagons  to  adapt  them  for 
use  for  certain  materials.  Earth  and  rock, 
sand,  gravel,  crushed  stone,  concrete,  as- 
phalt, tar.  mortar,  garbage,  ashes,  wet 
sewage,  manhole  cleanings,  snow,  swill, 
coal,  coke,  grain,  lumber,  scrap  iron,  pav- 
ing blocks,  bricks,  tiles,  street  sweepings, 
night  soil  and  building  materials  are 
among  the  things  now  liml,  ,1  in  dump 
wagons. 

Owing  to  many  of  tlesc  m.itcrials  being 
wet  and  leaking  through  the  doors  of  bot- 
tom dump  w.igons,  the  all-steel  end  dump 
wagons  with  solid  bottoms  are  used  quite 
extensively  for  mortar,  concrete,  wet  gar- 
bage, sewage  and  similar  materials.  When 
asphalt  is  hauled  in  wagons,  the  latter  are 
generally  lined  whether  of  wood  or  steel, 
with  an  asbestos  lining  to  prevent  loss  of 
heat  and  also  to  prevent  the  hot  asphalt 
from  injuring  the  wagon.  Many  wooden 
wagons  arc  also  steel  lined  to  prevent  wear 
'III  the  wooden  bodies. 

.Ml  of  the  larger  size  wagons,  and  even 
some  of  the  smaller  ones,  are  now  made 
with  the  sideboards  on  hinges  so  as  to  ad- 
mit of  the  hoards  being  lowered  while  the 
wagons  arc  being  loaded,  especially  when 
loading  is  done  by  hand. 

.\  very  important  consideration  in  a 
dump  wagon  that  is  to  be  loaded  by  a 
steam  shovel  or  by  an  orange  peel  or  clam 
shell  bucket,  is  the  neck  of  the  wagon. 
When  a  half  cubic  yard  or  a  yard  of  earth 
and  rock  is  suddenly  dumped  into  a  wagon 
body,  a  severe  strain  comes  on  the  neck 
of  the  wagon,  and  it  must  be  strong 
enough  to  withstand  this,  or  else  the  wag- 
on soon  breaks,  or  at  least  the  movement 
of  the  doors  is  interfered  with  by  the 
strain  brought  on  the  neck. 

Nearly  all  the  wagons  that  have  been 
designed  for  spreading  have  been  built  for 
spreading  crushed  stone  on  wagon  roads, 
but  they  can  al.so  be  used  for  spreading 
other  materials  as  earth  in  hiyers,  and  con- 
crete on  road  and  street  work. 

It  might  be  said  that  the  handling  of 
materials  in  dump  wagons  is  in  its  in- 
fancy, and  the  next  decade  will  no  doubt 
show  many  improvenuiits  in  the  wagons 
and  the  methods  of  handling  them. 


The  sundry  civil  act  passed  by  Congress 
carries  an  appropriation  of  $1,407,390  for 
the  U.  S.  Geological  Survey.  The  purposes 
for  which  this  sum  is  to  be  used  include 
the    following : 

Geologic  surveys...  ^y2'.iw> 

Topographic   surveys 


Recommended  Practice  for  Haadling 

Slides  and  Washouts  on 

Railways. 

SUDES. 

( 1 )  Hvery  slide  should  be  considered  a« 
a  problem  by  itself. 

(2)  The  cause  of  the   s": 

sought.     The  removal  or  pri  . 

cause  is  as  important  as  the  restoratiuii  of 
the  roadway. 

(3  Piles  or  retaining  walls  for  the  pre- 
vention and  cure  of  slides  are  not  recom- 
mended ;  but  their  use  is  permissible  for 
temporary  repairs  and  in  special  cases. 

(A)  Underground  water  should  be 
drained  away  or  intercepted  before  it 
reaches   the    slide. 

(5)  The  surface  of  the  slide  and  the 
restored  roadway  should  be  graded  so  wa- 
ter will  run  off  and  not  lie  in  pools.  The 
surfaces  may  be  compacted  or  sodded. 

(6)  The  flattening  of  the  slope  is  the 
most  economical  and  permanent  method  of 
curing  a   sliding   embankment. 

(7)  The  removal  of  the  material  is 
nearly  always  the  most  economical  and 
permanent  method  of  curing  a  slide  in  ex- 
cavation. 

(8)  A  relocation  of  the  line  is  some- 
times necessary  where  the  slide  takes  the 
proportions  of  an  avalanche. 

WASHOUTS. 

(1)  The  ends  of  trestles  and  bridges 
should  be  protected  with  riprap  or  by  oth- 
er  efficient   means. 

(-2)  Main  track  should  be  raised  above 
height  of  flood  waters  and  carried  on 
strung  and  stable  roadbed,  so  that  it  will 
not   be   subject  to   overflow. 

(3)  The  track  on  an  embankment  sub- 
ject to  overflow  should  be  ballasted  with 
heavy  angiilar  ballast  and  anchored,  and 
the  lower  slope  of  the  embankment  should 
be  protected  with  riprap. 

(4)  On  bridges  subject  to  overflow  the 
track  should  be  anchored. 

(5  If  the  velocity  of  the  water  carries 
away  the  riprap  or  other  protection 
a^inst  scour,  the  width  of  the  opening 
should  be  increased. 

(6)  If  track  is  washed  out  temporary 
repairs  should  be  made  by  filling  in,  crib- 
bing or  driving  piles,  to  be  followed  by 
the  permanent   rtstoratinn  of  the   roadway. 

SLltFACE     AND     SIJB-SrRFACE     PKALVAGF.     AND 

TiUNG  or  WET  cirrs. 
(n     All    the   water   possible    should   be 
kep;  off  the  roadbed. 

(2)  Intercepting  surface  ditches  should 
be  constructed  for  the  protection  of  cuts. 

(3)  Intercepting  ditches  or  pipe  drains 
should  be  provided  for  the  protection  of 
banks  built   on   saturated   soils. 

(4)  Side  ditches  should  be  constructed 
in  cuts  through  all  classes  of  materials. 

(5)  Pipe  drains  should  be  provided  for 
the  drainage  of  wet  cuts. 
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Roads  and  Streets  Section 


Note :  This  Section  is  devoted  to  methods  and  costs  of  road  and  street  con- 
struction. It  will  cover  road  building  in  all  its  details,  the  construction  of 
pavements,  sidewalks  and  gutters,  the  testing  and  use  of  paving  materials  and 
the  machinery  and  tools  used  in  road  building  and  paving. 


The  Theory  of  Economical  Road  and 
Street  Design. 

(I.) 

PsciidosciaitKc  Methods  of  Desigyi.—\Jp 
to  the  present  time  it  cannot  be  said  that 
any  correct  and  complete  theory  of  the 
economic  design  of  a  road  or  street  is  to  be 
found  in  any  book.  Pseudoscience  there  is 
in  abundance,  but  the  application  of  "judg- 
ment" in  designing  a  pavement  is  the  near- 
est approach  to  a  scientific  treatment  of  the 
subject.  Judgment,  however,  can  not  be 
imparted.  The  possessor  of  good  judg- 
ment is,  in  fact,  the  possessor  of  some  of 
the  elements  of  science,  but  they  exist  in 
such  crude  form  in  his  brain  that  he  is  in- 
capable of  reducing  them  to  a  theory  that 
can  be  taught.  The  opening  sentence  of 
this  paragraph  will  appear  to  many  as  be- 
ing an  iconoclastic  statement  that  can  by  no 
possibility  be  substantiated.  Let  us  con- 
sider it. 

In  Baker's  "Roads  and  Pavements" — one 
of  the  latest  and  best  books  on  the  subject 
—we  find,  on  page  -582  et  seq.,  a  discussion 
of  the  "relative  merits"  of  pavements.  Prof. 
Baker  rates  the  "ideal  pavement"  as  fol- 
lows : 

ECONOMIC   QUALITIES:  Per  Cent 

Low   first   cost 15 

Low   cost   of  maintenance 20 

Ease     of     traction 10 

Good   foothold    5 

Ease  of  cleaning 10 


Total    

SANIT.\RY  QUALITIES: 

Noiselessness    

Healthf  ulness    


GO  9c 


l.T 

10 


Total    25% 

ACCEPTABILITY: 

Free  from  dust  and  mud 10 

Comfortable  to  use 3 

Non-absorbent  of  heat 2 

Total    15% 

Grand  total    100% 

There  is  an  appearance  of  scientific  treat- 
ment in  such  a  tabulation  that  is  very  de- 
ceptive. This  method  of  selecting  a  pave- 
ment is  as  illogical  as  it  would  be  to  choose 
a  suit  of  clothes  by  assigning  different  per- 
centages to  the  buttons,  the  cloth,  the  fit. 
the  style  and  the  durability.  A  study  of 
the  scientific  method  of  designing  a  road  or 
street  will  be  the  best  way  of  disclosing  the 
pseudoscience  of  selecting  a  pavement  by 
any  percentage  rating  of  its  different  quali- 
ties. 

The  Fundainenlal  Law  of  Economic 
Highivay  Design.— A  road  or  street  is  pri- 
marily designed  to  reduce  the  cost  of  trans- 
portation of  goods  in  vehicles.  The  sec- 
ondary use  of  a  highway  is  for  the  trans- 
portation of  passengers,  and  of  that  sec- 
ondary use  we  shall  speak  later.  Let  us 
take  up  first  the  economics  of  transporting 


goods  over  roads  and  streets.  The  unit 
cost  of  transportation  may  be  divided  into 
three  elements:  (1)  Cost  of  hauling;  (2) 
cost  of  maintenance  of  the  highway;  (3) 
interest  on  the  first  cost  of  the  highway. 
Hence  we  have  the  following  fundamental 
law  of  economic  design  of  highways : 

Design  the  highzcay  so  that  the  unit  cost 
of  transportation  shall  be  a  minimum,  omit- 
ting from  this  cost  none  of  the  three  ele- 
ments: (i)  Hauling;  (2)  highzcay  mainte- 
nance, and  (s)  interest. 

In  applying  this  law  or  rule,  there  is 
usually  more"  or  less  difficulty  involved  in 
ascertaining  certain  data,  particularly  the 
probable  tonnage  to  be  hauled  and  the  rate 
of  wages  of  team  and  driver,  or,  if  auto- 
cars are  used,  the  cost  of  maintaining  the 
same.  Nevertheless,  even  though  absolute 
accuracy  in  estimating  these  elements  may 
not  be  attainable,  a  sufficiently  close  ap- 
proximation is  possible  of  attainment. 

An  Example  Shozfing  Importance  of  Ap- 
plying This  Law. — In  designing  roads  (in- 
cluding location  as  a  part  of  the  design),  it 
is  now  customary  to  adopt  certain  standard 
designs  which  are  used  without  much  re- 
gard to  the  probable  traffic  that  will  come 
upon  the  road.  Let  us  take  an  example 
that  will  show  how  erroneous  such  a  pro- 
cednre  may  be. 

Assume  that  a  macadam  road  is  to  be 
built  to  provide  for  a  traffic  of  100  team 
trips  daily,  50  trips  loaded  and  50  trips  re- 
turning empty,  the  load  being  3  tons.  Then 
the  average  load  for  each  of  these  100  trips 
is  1%  tons.  Assume  the  wages  of  team  and 
driver  to  be  35  cts.  an  hour.  .A.ssume  the 
first  cost  of  this  proposed  road  to  be  $8,000 
a  mile,  and  interest  to  be  0  per  cent.  As- 
sume the  stone  to  be  of  a  kind  and  cost 
such  that  the  annual  maintenance  under  this 
traffic  will  be  $200.  We  then  have  the  fol- 
lowing annual  cost  of  "operating,  mainte- 
nance and  fixed  charges"  per  mile  of  road : 
The  100  teams  will  each  spend  0.4  hour 
traveling  the  mile  (the  speed  being  2% 
miles  per  hour),  or  40  hours  daily,  or  12,000 
hours  per  year  of  300  working  days.  At 
35  cts.  per  hour,  these  12.000  hours  of 
hauling  amount  to  $4,20n.  Since  the  100 
teams  transport  150  ton-miles  daily  over 
this  mile  of  road,  we  have  45,000  ton-miles 
per  annum  of  road.  Hence  the  cost  of 
transportation  is  as  follows : 

Per  mile  Per  ton- 

pcr  annum.       mile.  etc. 

Hauling     $4,200  9.33 


Maintenance 

Interest  (5%  of  $8,000). 


200 
400 


0.44 
0.S9 


tenth  as  great,  or  10  team  trips  daily.   Then 

we  will  have : 

Per  mile  Per  ton- 

per  annum.       mile,  etc. 

Hauling     $420  9.33 

Maintenance,     say 30  0.07 

Interest  (5%   of  $8,000)..       400  8.89 

Total    $850  18.29 

This  shows  strikingly  the  importance  of 
ascertaining  the  annual  traffic  in  determin- 
ing the  kind  of  highway  to  build.  With  the 
heavy  traffic  of  45,000  ton  miles  annually, 
we  see  that  we  are  economically  justified  in 
doubling  the  first  cost  of  the  road,  if,  by  so 
doing,  we  can  add  more  than  10  per  cent  to 
the  average  load  hauled  by  each  team.  With 
the  light  traffic  of  4,5U0  ton  miles  annually, 
it  is  clear  that  no  such  expenditure  as 
$8,000  per  mile  of  road  is  justified. 

The  Data  to  Be  Considered. — The  first 
step  that  the  highway  engineer  should  take 
is  to  estimate  the  probable  traffic  that  will 
come  upon  the  proposed  highway,  for  with- 
out such  an  estimate  no  scientific  design  is 
possible.  We  shall  subsequently  consider 
the  methods  to  be  persued  in  making  such 
an  estimate. 

The  second  step  is  to  fi.x  upon  an  average 
cost  of  wages  of  driver,  feed  and  mainte- 
nance of  team  and  interest,  repairs  and  de- 
preciation of  team  and  vehicle.  This,  too, 
will  be  discussed  in  detail. 

The  third  step  is  to  make  a  tentative  de- 
sign of  the  highway  and  an  estimate  of  its 
first  cost  per  mile,  from  which  the  item  of 
annual  interest  can  be  derived. 

The  fourth  step  is  to  estimate  the  cost 
of  maintenance  per  mile  of  highway.  Under 
maintenance  w-e  include:  (1)  Current  re- 
pairs; (2)  cleaning;  (3)  sprinkling,  and 
(4)  the  sum  annually  set  aside  to  provide  a 
fund  for  rebuilding  the  pavement  when  en- 
tirely worn  out — amortization  fund  allow- 
ance. 

The  first  step  is  to  summarize  the  unit 
cost  items  ascertained  from  these  data,  as 
above  indicated. 

The  sixth  step  is  to  make  other  tentative 
designs,  and  from  them  derive  other  unit 
costs  of  transportation. 

The  final  step  is  to  select  the  design  that 
shows  the  lowest  unit  cost  of  transporta- 
tion. 

Obviously  this  process  is  by  no  means  as 
simple  as  the  process  of  drawing  up  of  a 
few  "standard  desigtis"  to  be  used  almost 
regardless  of  traffic  conditions.  Yet  any 
other  process  of  highway  design  is  un- 
worthy of  being  classed  as  scientific. 
(To  be  continued.) 


The  Degnon  Contracting  Co.,  New  York 
city,  has  been  awarded  the  contract  for 
constructing  tlic  Wallkill  siphon  for  the 
Board  of  Water  Supply  of  New  York  city. 
The  contract  price  is  $4,982,726. 


Total    $4,800  10.66 

For  comparison   let   us  now   assume  the 
same  road,  but  with  a  traffic  exactly  one- 


According  to  press  dispatches  the  forces 
working  on  the  Jawbone  Division  of  the 
Los  Angeles  Aqueduct  made  a  distance  of 
370  ft.  in  each  of  the  two  tunnels  during 
the  month  of  March. 
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Economic    Handling  of    Teams    with 

a  Jerk  Line  and  Che  Use  of  a 

Gan£    Plow    on     Road 

Construction. 

BY    W.    .V    OILLETTE.* 

M>  cxpcrirncc  in  conslriictiun  work  in 
ni"-"!  rvcry  part  of  the  I'intcd  States  lia> 
given  nir  an  opportunity  to  study  nietliod« 
as   welt   a«  cuHi. 

I  have  been  especially  impressed  with 
the  difference  between  the  extreme  West 
and  East  in  handling  teain>  When  I  did 
construrliun  work  in  (he  luist  1  did  as 
Easterners  do.  namely  submitted  to  the 
dictation  of  teamsters  in  the  determination 
of  e.icb  driver  to  drive  his  own  team.  Con- 
sequently, when  we  wanted  to  use  three  or 
four  teams  on  a  road  grader  or  plow, 
three  or  four  teamsters  walked  along,  not 
driving  but  "herding"  the  teams.  Once  in 
a    while    we   could    find    a   man    who   could 


friim  the  "niRh"  wheel  animal  to  the 
"nigh"  lead  animal,  and  is  fastened  10  the 
left  hand  side  of  the  bit ;  from  this  main 
line  a  short  piece  of  the  line  passes  under 
the  jaw  to  the  right  side  of  the  bit,  mak- 
ing a  "Y."  Fastened  to  the  hames  on 
the  right  side  of  the  "nigh"  lead  i>  a 
"jockey  stick"  ( a  short  piece  of  wood  or 
iron)  which  reaches  10  a  curb  strap 
fastened  to  the  bit  of  the  "off"  lead  animal. 
.•\  straight  pull  on  the  jerk  line  pulls  the 
"jerk"  line  or  "nigh"  animal  to  the  left, 
or  "haw,"  and  the  "jockey  stick"  guides 
the  "off"  animal.  A  succession  of  jerks 
On  the  line  causes  the  "nigh"  or  left  lead 
animal  instinctively  to  throw  it^  head  to 
the  right,  to  escape  from  the  jerking,  and 
the  "jockey  stick"  guides  the  "off"  animal 
to  the  right  also,  or  "gee." 

.\  little  patience  will  teach  the  lead  team 
to  "gee"  or  "haw"  if  tl:c  guiding  words 
"gee"  or  "haw"  are  shouted  every  time  the 


ithi;.    Gaily    Rooter    Plow    for    H„ 


.vay. 


drive  four  hor>es,  but  not  oitcn  ;  ami  when 
he  knew  how  he  wouldn't  do  it. 

Consider  what  it  means  to  a  contr.iclor 
to  have  three  extra  drivers  on  a  plow, 
drawn  by  four  teams  and  two  extra  drivers 
on  a  road  grader  drawn  by  three  teams. 
It  is  just  as  ridiculous  as  having  two  men 
|o.vling  wheel  scrapers.  Five  extra  men 
cm  an  outfit  as  mentioned  above  means 
$7."in  a  d.iy,  drivers'  wages  iR-ing  $IM  a 
day 

In  the  West  we  use  one  driver  for  one, 
two,  three,  four,  five  or  more  teams,  and 
these  drivers  will  handle  three,  four  or 
more  teams  with  one  rein  or  jerk  line 
with  as  much  ease  as  the  ordinary  driver 
handles  one  team.  It  is  a  comparatively 
simple  matter  to  train  these  teams  to  re- 
spond to  a  jerk  line,  and  to  the  shout  of 
"gee  "  or  "haw  " 

For  the  benefit  of  those  who  do  not 
know  how  to  hitch  a  jerk  line.  I  will  ex- 
plain. It  is  customary  to  use  a  strong 
braided    clothes    line.      This    line    rciches 

•7«4  Pnclttc  Electric  B1<I«  .  I-ni>  Anjolcn. 


line  I.-,  used.  By  lastcnuig  the  tollowing 
teams  to  the  double  trees  of  the  team 
ahead,  they  will  soon  learn  to  follow  the 
team  ahead  without  being  lied,  and,  as  a 
matter  of  fact,  it  is  not  as  handy  in  turn- 
ing around  if  each  team  is  fastened,  as  it 
does  not  permit  them  to  cross  over  and 
out  of  the  way  of  the  chain  while  turning. 

When  a  team  has  been  properly  trained 
in  turning  to  the  right  or  "gee."  for  ex- 
ample, the  teams  following  the  lead  teams 
will  step  over  on  the  left  of  the  draft 
chain  and  follow  it  around  until  ihe  chain 
is  straight  for  the  return  trip;  then  each 
animal  will  cross  over  to  his  place  nn  the 
right  side  of  the  chain. 

The  accompanying  picture  shows  a  I'- 
mule  team  on  a  gang  ri>oler  plow.  This 
team  and  plow  are  managed  by  a  driver 
and  a  plow  man.  The  plow  shown  in  the 
liicture  is  the  most  valuable  liKiI  for  road 
work  I  have  ever  seen.  It  is  composed  of 
a  set  of  five  rooter  plows  mounted  one  foot 
apart  on  a  frame,  so  arranged  as  to  per- 
mit   the    setting   of   the   plows   at   any   re- 


quired depth.  It  is  especially  adapted  for 
breaking  up  old  macadam  roads  or  any 
hard  ground.  One  striking  feature  i,  that 
a  plow  holder  is  not  absolutely  necessary, 
as  it  is  possible  for  the  driver  to  attend  to 
raising  or  lowering  the  plows  by  nitans  of 
levers,  and  the  furrows  are  as  straight  as 
the  driver  guides  his  team,  and  the  ground 
is  broken  more  thoroughly  than  with  any 
other  plow;  no  hard  spots  arc  left  to 
cause  trouble  in  loading  scrapers  or  shovel- 
ing, or  to  interfere  in  the  use  of  a  road 
grader. 

When  it  is  used  for  breaking  up  old 
macadam  roads  for  re-surfacing,  and  for 
this  class  of  work  it  is  especially  desirable ; 
it  is  possible  to  set  the  plows  so  they  will 
break  the  surface  and  not  disturb  the  solid 
base.  It  is  so  constructed  as  to  permit  its 
being  weighted  with  stone  or  pig  iron. 

This  gang  rooter  is  patented  and  manu- 
factured by  the  Petrolithic  Pavement  Co.. 
of  Los  -Xngeles,  California. 

In  all  of  our  team  work  we  use  but  one 
driver,  no  matter  how  many  teams  are 
hitched  to  the  load.  In  the  hauling  of 
gravel,  sand  or  broken  stone  we  use  two 
or  three  wagons  in  a  train.  The  trail 
wagons  have  a  shon  trail  tongue  just  long 
enough  to  permit  the  wheels  to  clear  about 
three  or  four  feet.  The  economy  of  this 
method  of  teaming  is  apparent  when  one 
driver  is  used  to  handle  three  wagons 
with  three  teams,  for  the  wages  of  two 
ti-amstcrs  arc  saved. 


The  Use  of  Tar,  Oils  and  Emulsions 
on  Macadam  and  Earth  Roads.' 

A.   K.    HIHST.t 

Until  recent  years  a  well  built  mai-adam 
road  composed  of  two  courses  of  stone  or 
gravel  with  the  dust  or  other  binding  ma- 
terial necessary  to  fill  the  voids  well  rolled 
and  well  drained  was  a  very  satisfactory 
and  economical  pavement  for  light  traveled 
and  comparatively  satisfactory  for  heavily 
traveled  thoroughfares.  But  the  advent  of 
the  aiitoniohile  traveling  .it  high  speed  has 
such  a  disastrous  effect  on  nucadam  roads 
as  commonly  built  that  the  highway  engi- 
neer has  been  forced  in  many  cases  to 
either  abandon  macadam  as  a  form  of  con- 
struction or  to  adopt  some  means  of  pro- 
tection for  its  surface. 

The  subject  of  dust  prevention  is  the  sub- 
ject of  macadam  road  maintenance  ex- 
pressed in  different  words.  If  no  dust  is 
formed  there  is  no  wear,  and  the  nearer  we 
can  get  to  this  theoretically  perfect  condi- 
tion the  longer  our  roads  will  last.  If  the 
•peed  of  motor  cars  could  be  kept  within 
the  limits  assigned  by  law  very  little  dam- 
age woud  result  from  motor  traffic.  It  has 
been  demonstrated  that  the  shearing,  sweep- 
ing, ravelling  effects  of  motor  cars  does  not 
attain  dangerous  proportions  until  the 
speetl  reaches  20  or  2.5  miles  an  hour,  and 

-•■  — It   of  a  paper  delivered  at  the  re- 
'  inic    of    the    Society    of    WUronaIn 

;llii:!.»"y  Rnclni-vr  WUoonaln  Oaoloclcal 
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that  above  this  speed  the  effect  increases 
faster  than  the  velocity.  There  seems  to  be 
no  way  by  which  the  excessive  speed  can 
be  checked  and  therefore  the  only  thing  to 
be  done  is  to  guard  as  far  as  possible 
against  the  effects. 

One  of  the  best  dust  preventatives  is 
proper  construction.  Only  good  hard  stone 
should  be  used  in  the  top  course  of  mac- 
adam. The  use  of  soft  limestones  and  sand- 
stones should  be  avoided.  The  wearing 
coat  should  be  hard  and  tough  if  the  best 
effect  is  to  be  produced.  We  believe  thai 
road  engineers  should  give  more  attention 
to  the  selection  of  top  course  material  and 
try  to  pursuade  their  employers  to  count 
rather  upon  ultimate  economy  than  on  first 
cost.  The  nearest  material  to  the  work  is 
not  always  the  most  economical.  It  is  often 
better  to  pay  $2  for  granite  than  to  get 
limestone  for  $1.25.  If  better  stone  is  used 
less  preventative  measures  will  be  neces- 
sary, though  even  the  best  stone  surface 
will  produce  too  much  dust  for  coinfort  if 
left  to  take  care  of  itself. 

The  first  nf  the  dust  preventatives  proper 
is  plain  water.  This  has  been  used  since 
the.  time  of  Adam  to  lay  dust  and  in  the 
hands  of  the  Almighty  it  is  a  very  effective 
agent,  but  in  the  hands  of  man  it  is  an  ex- 
pensive method.  Salt  sea  water  is  now 
used  on  the  coasts  and  produces  a  better 
effect  than  fresh  water.  Solutions  of  soap 
and  of  calcium  chloride  and  other  salts  are 
also  used  and  it  is  claimed  that  these  meth- 
ods are  cheaper  than  sprinkling  as  ordinar- 
ily practiced.  We  do  not  believe  that  water 
will  long  survive  as  a  method  of  laying 
dust  either  used  by  itself  or  in  combina- 
tion with  salt.  Even  the  best  salt  solutions 
have  to  be  applied  often  in  hot  weather, 
and  this  question  of  frequent  application 
puts  them  out  of  the  question,  especially  for 
rural  liighway  use. 

The  greatest  class  of  dust  layers  is  made 
up  of  oils  and  tars  with  more  or  less  paraf- 
fine,  pitch  or  asphalt  in  their  composition, 
according  to  the  source  from  which  they 
are  derived.  Some  of  these  are  applied 
hot,  some  cold,  some  neat  and  some  in  so- 
lution, and  some  in  all  of  the  above  condi- 
tions. We  believe  that  it  is  to  this  class  of 
dust  preventatives  that  we  must  look  for 
tlie  final  solution  or  solutions  of  the  dust 
and  maintenance  problem.  The  oils  consist 
principally  of  petrolium  residuums  and  can 
be  bought  very  cheaply  at  the  refineries. 

Used  in  the  form  of  emulsions  they  are 
sprinkled  on  in  the  same  manner  as  water 
is  sprinkled.  In  Boston  they  use  8  to  16 
per  cent  solutions  and  it  is  claimed  have 
had  excellent  success,  maintaining  the  road 
with  the  use  of  one  and  one-half  pints  an- 
nually at  a  cost  of  2  cents  per  square  yard, 
considerably  cheaper  than  water  sprinkling 
had  previously  been. 

The  Kansas  City  and  more  general  way 
is  to  use  the  oil  neat.  The  streets  are  first 
swept  clean  and  depressions  filled  with 
stone  until  the  road  surface  is  smooth  and 
even     The  oil  is  then  applied  at  the  rate  of 


about  one-third  gallon  per  square  yard.  In 
cool  weather  the  oil  is  heated,  but  in  the 
summer  months  it  is  applied  unhealed.  As 
soon  as  the  oil  is  applied  the  sweepings  are 
replaced  and  additional  stone  screenings  or 
sand  is  added  to  cover  the  surface  and  ab- 
sorb any  excess  oil.  The  steam  roller  then 
passes  over  the  surface  a  few  times  and  the 
street  is  thrown  open  to  travel  immediately. 
The  results  in  Kansas  City  have  been  ex- 
cellent. A  saving  of  $5,500  was  made  in 
190T  over  the  cost  of  water  sprinkling  the 
previous  year  and  a  large  amount  could 
also  be  credited  as  saved  due  to  the  smaller 
amount  of  repairs,  ditch  and  catch  basin 
cleaning,  etc.  In  Kansas  City  the  oil  cost 
only  1.8  cts.  per  gallon,  f.  o.  b.,  and  the  total 
cost  of  each  application  of  oil  was  about  1 
cent  per  square  yard.  Most  of  the  drive- 
w.iys  received  two  applications  each  year. 
I  inspected  these  streets  in  1908  and  at  that 
time  they  were  in  practically  perfect  con- 
dition. 

Tars  are  applied  in  practically  the  same 
way  as  oils,  though  I  believe  are  seldom 
used  in  solutions.  These  are  usually  ap- 
plied hot  as  they  are  too  viscous  when  cold. 
Coal  tar  or  water  gas  tar  may  be  used.  It 
is  better  to  drive  over  the  volatile  constitu- 
ents, especially  the  water  before  applying 
tars.  Tarvia,  A  and  B,  are  refined  tars  and 
when  the-  cost  of  these  patented  prepara- 
tions is  excessive  on  account  of  heavy 
freight  costs  local  tars  may  be  used  with 
good  results.  It  is  usual  to  apply  from  % 
to  IV2  gallons  per  square  yard  of  surface. 
One  application  will  usually  suffice  for  a 
year.  In  general  it  is  believed  that  the  tar 
applications  are  more  expensive  and  more 
lasting  than  oil  applications.  Each  method 
has  its  advocates  and  its  opponents  and  out 
of  the  conflicting  claims  it  is  hoped  that 
some  decision  will  finally  be  reached  as  to 
w'hich  is  better  under  each  of  the  various 
conditions  which  may  arise.  The  varying 
results  attained  both  by  the  use  of  oils  and 
tars  when  conditions  and  the  mode  of  ap- 
plication has  been  practically  the  same  must 
be  due  to  variation  in  the  physical  and 
chemical  properties  of  the  tars  and  oils 
used.  Results  have  varied  from  almost 
perfect  success  to  complete  failure,  and  the 
best  authorities  seem  to  agree  that  tars  and 
oils  should  be  tested  before  using,  and  only 
those  having  a  good  percentage  of  bitumen 
in  their  composition  used.  In  Kansas  City 
the  best  results  were  had  when  oil  having 
an  asphaltic  base  was  used. 

The  methods  heretofore  mentioned  sim- 
ply cover  surface  treatments  after  the  roads 
have  been  completed.  While  of  great  as- 
sistance in  suppressing  the  dust  nuisance 
they  are  at  best  palliatives  and  not  prevent- 
ives. Engineers  are  gradually  becoming 
convinced  that  the  problem  is  best  attached 
at  the  time  the  road  is  built,  and  that  the 
preventative  material  should  be  incorpor- 
ated in  the  road  itself  at  this  time.  A  ma- 
terial to  serve  thus  as  a  permanent  binder 
must  be  adhesive,  resilient,  self  healing  and 
not  subject  to  deterioration  from  frost  ac- 
tion. 


The  bitumens  fulfill  these  conditions  and 
are  generally  used. 

Tar  macadam,  bituminous  macadam  and 
bitulithic  are  constructed  by  mixing  the 
wearing  coat  of  the  stone  with  tar  of  bitu- 
men. In  some  cases  the  pavement  is  hand 
mixed,  i.  e.,  the  stone  is  heated  and  then 
coated  with  the  hot  binding  material  by 
turning  with  shovels  and  then  spread  and 
rolled.  A  wearing  coat  of  fine  material  im- 
pregnated with  the  binder  is  then  spread  on 
this  and  thoroughly  rolled  and  afterward 
covered  with  dry  screenings,  gravel  or  sand. 
So  far  this  method  has  been  successful  in 
producing  a  pavement  that  is  noiseless, 
free  from  dust  and  mud,  and  of  good  wear- 
ing qualities.  The  cost  owing  to  the  meth- 
ods necessary  is  excessive  and  precludes 
the  use  of  this  pavement  except  on  much 
traveled  highways. 

A  second  method  is  to  make  a  matrix  of 
stone  and  the  binding  material  and  spread 
this  upon  the  thoroughly  rolled  first  course 
of  stone.  The  second  course  of  stone  is 
then  spread  and  rolled  down  so  that  the 
matri.x  is  pushed  up  into  all  the  voids,  just 
enough  of  it  being  used  to  compeltely  fill 
the  voids,  .^fter  thorough  rolling  chips, 
screenings  or  sand  are  spread  over  the  sur- 
face and  rolled  in.  Pavement  so  construct- 
ed has  also  proved  satisfactory. 

The  English  are  using  a  method  which 
seems  best  fitted  to  solve  the  problem  in  an 
economical  wa\'.  This  method  is  known  as 
"tar*  painting."  The  road  is  constructed  and 
nearly  completed  in  the  same  manner  as 
common  macadam.  The  only  thing  undone 
is  the  flushing  in  of  the  screenings.  After 
the  second  course  of  stone  is  spread  and 
thoroughly  rolled  a  thin  coat  of  stone  chips 
is  applied  and  rolled  in.  The  tar  is  then 
applied  at  the  rate  of  1/6  gallon  per  square 
yard,  this  amount  being  said  to  be  suffi- 
cient to  fill  the  voids  left  after  the  thorough 
compacting  of  the  stone.  In  extra  coat  of 
screenings  or  probably  stone  chips  is  then 
applied  absorbing  the  excess  tar  of  any, 
and  the  surface  is  then  rerolled.  This 
method  has  given  great  satisfaction  and  the 
estimated  increase  in  the  cost  of  macadam 
is  only  20  to  .35  cts.  per  square  yard.  Every 
few  years  the  surface  of  these  roads  must 
be  swept  and  repainted,  but  much  less 
maintenance  is  required  than  under  the  old 
mefliods. 

Bitulithic  and  bituminous  macadam  are 
laid  in  practically  the  same  manner  but  un- 
der different  conditions  as  to  size  of  stone 
and  binder  used.  As  they  are  familiar 
types  of  pavement  I  will  only  mention  them 
in  passing. 

Liquid  asphalts  are  used  in  practically 
the  same  manner  and  have  been  successful 
where  used.  Most  of  these  are  patented 
liinders  and  are  somewhat  more  costly  than 
tars,  but  seem  to  give  more  lasting  results 
It  is  possible  that  they  may  prove  the  most 
economical  in  the  long  run. 

Certain  natural  rock  asphalts  are  also  on 
tlic  market.  These  take  the  place  of  the  or- 
<linary  screenings  and  are  applied  dry  to  a 
depth  of  from  1  to  2  ins.  and  are  said  to 
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prixliicr  a   surface  very  near  rciioant   .iml 
frrc  fruiii  iliist. 

I  ha^r  bricrty  niciitioncd  ionic  <.f  iht  biv 
kiMiun  indhtxls  of  dust  prevention,  but 
there  are  many  advertised  mediums  whicli 
I  have  n<Jt  txuched  upon.  The  whole  worlil 
•  'I  hiLilnvo  .  iii;ir.tr»  i>i  mm  enijaKed  with 
III.  (It. .Ml  III,  ~  nil-  think  they  have  solved 
it  for  their  hicahtie*  and  some  still  struKKle 
to  tiiid  the  solution.  It  is  l>clieved  that  in 
a  year  or  two  when  some  of  the  methods 
ha\c  had  a  longer  test  something  dclinitt 
will  l)e  evolved  fr.:m  the  mass  of  data 
which  is  U-ing  accumulated.  I'ntil  that 
time  we  must  work  along  the  lines  which 
ap|H-ar  most  promising  at  the  present  time. 
Fri'Mi  the  reports  which  have  iK-cn  exam- 
ined it  is  bilieveil  the  following  tentative 
conclusion  may  Ik.-  drawn . 

Water  is  the  most  expensive  method.  Oil 
ami  emulsion  of  oil  give  g(M«l  and  cheap  rc- 
suhs  where  the  cost  of  oil  i>  not  too  high. 
Tar  is  excellent  either  as  a  surface  treat- 
ment or  as  a  binder  incorporated  with  the 
rivid  surface.  Bitumens  arc  the  most  per- 
manent incorporated  binders  and  the  most 
satisfactory  if  the  cost  is  not  considered. 

The  greatest  possiliilitiy  of  success  lies  in 
the  incorporation  of  the  liinder  substance  in 
the  practically  completed  macadam. 

In  considering  dust  preventatives  for  dirt 
roads  we  lind  much  the  same  conditions  as 
those  ruling  for  stone  roads.  The  first  ob- 
ject of  oil  applications  was  to  lay  dust  but 
it  was  found  that  the  oil  not  only  laid  the 
dust  hut  gave  a  surface  that  was  hard  and 
rut  resistant,  and  in  California,  where  most 
of  the  oiling  has  been  done,  oiling  is  now 
mainly  pursued  with  the  idea  of  getting  a 
semi-asphaltic  surface  that  is  a  good  sub- 
stitute for  macadam.  The  oil  is  sprinkled 
on  the  properly  shaped  roadway  at  the  rate 
of  from  1  t"  "J  gallons  per  square  yard  the 
first  application.  The  surface  is  lirst  stirred 
up  In  a  depth  of  2  or  3  ins.  and  the  oil  and 
dirt  thoroughly  mixed,  forming  an  imper- 
vious crnst.  The  second  and  succeeding 
years  other  applications  of  oil  arc  made  at 
a  much  decreased  rate  ( almost  a  quart  per 
«|tiare  yard).  These  oil  roads  have  been 
successful  in  meeting  conditions  in  the 
warm  and  ilry  climate  of  California,  but 
they  have  not  liccn  tried  extensively  in 
more  severe  climates  and  their  action  under 
northern  conditions  is  problematical.  It 
would  setm  to  he  a  fruitful  field  for  cxpe- 
rimerts  in  Wisconsin,  when  funds  become 
a».iil.ili'' 

Tin-  i.iit  that  the  siirf.tce  oiled  road^  have 
licen  M>  snccessliil  has  induced  California 
|o  experiment  along  the  lines  of  deeper  im- 
pregnation of  oil  and  from  these  experi- 
ments the  so-called  petroliihic  road  wa» 
e»i>lved.  This  road  is  a  further  develop- 
ment of  the  oiling  idea  with  the  de<ith  of 
oiled  crust  of  0  ins.  instead  of  2  or  '\  and 
with  the  addition  of  rolling  with  a  specially 
cofstructed  roller.  This  roller  mils  from 
the  Ixittom  up  and  would  seem  to  compact 
and    mix    the    oil    and    earth    thoroughly 
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Methods    and    Cost    of    Constructiiij; 
Frame  Cottages  and  Service  Build- 
ings for  the  Camaguey,  Cuba, 
Waterworks. 

rV    IIKNaV    A.   YOl'NG. 

The  headworks  of  the  Caniagiu)  waler- 
works  are  on  Ihe  Uiver  I'l  nie/uela  (iraiule. 
2H  kilometers  or  alioui  1 1  miles  north  of 
ihe  city.  .-Xs  the  river  is  below  the  level  of 
the  city  the  waler  has  to  be  pumped. 

1  he  li<  Uses  ruder  ccnsideratiou  consist 
of  a  large  house  for  the  pumpman,  a  small- 
er (.lie  for  his  assistant  and  a  double  letrina 
in  the  rear  for  the  use  of  binh  houses.  The 
larger  house  contains  six  rooms  and  is 
built  in  the  form  of  an  L,  three  rooms 
across  the  front  and  three  d^wn  the  side. 
The  front  of  the  house  is  II  meters  long 
by  -1.27  meters  wide,  while  the  I-  is  about 
I'l.W  meters  long  by  1.27  meters  wide.    The 


iid 
-■  2u  meters  deep,  having  walls  and  floor 
:*>  cm.  thick.  'Ihis  tank  is  supplied  with 
-oil  pipe  entrances  and  discharge  and  is  in- 
tended to  o|ierate  on  the  septic  tank  prin- 
ciple. 

The  houses  are  not  set  on  foundations 
but  on  hardwood  (jiqui)  posts  20  cm. 
(i<  ins.)  in  diameter  and  from  3  to  4  ft. 
I.jng.  spaced  alxmi  2.'j  meters  c.  to  c.  The 
space  Ix-lween  the  sills  and  the  ground  is 
covered  with  IxH-in.  pine  planks  nailed  to 
the  jiqui  posts.  The  house  sills  arc  of  na- 
tive hardw'(N)d  (!.vli  ins.,  sawed  to  size,  and 
are  mortised  or  halved  at  all  joints.  The 
joints  are  also  spiked. 

The  balance  of  Ihe  Ifinbcr  is  of  .\meri- 
can  pine  <lressed  on  four  sidc-s.  The  floor- 
ing and  siding  came  direct  from  the  States 
and  was  of  very  fair  quality.  The  stud- 
ding, planking,  etc..  came  to  Camagt"iey  in 


Pumpmen's   Houses  at    Headworks  of  Camaguey    Water  Works 


height  from  the  sills  to  the  caves  is  3.7(5 
meters.  There  is  a  piaz/a  across  the  front 
of  the  house  l.&J  meters  wiile,  while  a 
"patio"  is  enclosed  between  the  two  Ls  of 
Ihe  house,  and  a  picket  fence  set  on  a  low- 
stone  wall.  .\  concrete  walk  l.'.*"i  meters 
wide  and  12  cm.  thick  extends  around  the 
two  house  sides  of  the  "patio,"  a  porch 
roof  projecting  from  the  house  completely 
covering  the  concrete  walk. 

The  smaller  hf>use  contains  but  three 
rcmms.  '.n  the  form  of  an  L.  The  front 
part  of  the  house  is  7.i>lx3.t)ti  meters,  while 
the  third  room  or  kitchen  is  3,n.'i.\.l.u.'i 
meters.  The  height  to  the  eaves  from  the 
sills  is  3.1-"i  meters.  There  is  a  piazza  across 
the  front  of  the  house  \.M  meters  wide. 
The  "patio"  in  tiie  rear  of  this  house  is  also 
surrounded  by  a  low  stone  wall  and  a 
picket  fence,  hut  there  is  no  concrete  walk 
or  p<irch  roof. 

The  letrina,  which  is  in  the  • 
two  houses,  contains  two  coir 
The  frame  structure  is  2tMxli«t  meters, 
and  is  built  in  Ihe  same  style  as  the  two 
houses.  It  is  24-1  meters  high  to  the  eaves. 
Each  compartment  contains  a  modern  sani- 
tary flush  tank  closet      The  building  is  set 


logs  and  was  sawed  and  dressed  in  the 
local  milt. 

I'nder  the  section  termed  framing  is  in- 
cluiled  the  studding,  rafters,  fliMir  beams, 
porch  railings,  and  the  l.\.%in.  strii>s  spaced 
■Vt  cm.  c.  to  c.  to  support  the  French  tile. 
It  includes  the  entire  framework  of  the 
buildings.  This  lumber  was  dressed  on  all 
four  sides,  because  there  is  no  further  fin- 
ish to  the  inside  of  the  buildings,  the  stild- 
''■  '  I'  left  exposed.  This  was  (iMte 
1  :  ■    save    exjirt'sr    niul    it    was   in- 

liiiiltil    iii.it   at    soni'  the   in- 

terior  could   Ik-   pla-!  i   if   de- 

sired. 

The  siding  is  standard  "Novelty"  siding. 
i<  ins.  wide  and  the  flooring  is  standard  4- 
ms.  T.  &  Ci  flooring.  This  was  also  used 
III  the  ceiling  of  partitions,  which  in  the 
costs  are  lumpcfl  with  the  flooring,  as  the 
.vork  is  of  the  ».imr  cI.ts  I>:,rii!j,„,,  ^^^ 
111  one  SI  '  ,,g 

'I  (111   foui  ;||e 

house.  .Ml  studdings  and  rafters  arc  2x4 
ins.  and  are  spaced  50  cm.  or  20  ins. 

The  doors  and  windows  were  a  disap- 
pointment. They  are  of  cedar  and  were 
made  in  the  local  mill.    It  was  expected  that 
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3.25 

i:j.00 

2V. 

3.00 

7.50 

2M. 

2.00 

5.00 

3>^ 

1.50 

2.25 

ASSISTANT   PUMPMAN  HOUSE  AT   HEADWORKS, 
^uttiiip  to  Length  and  Setting  Jiqtii  {Hardwood)    Foundation  Posts: 

Labor'  Days.     Rate.     Amount.       Total. 

Carpenter    4         J3.25         $13.00 

Carpenter's    helper 1%       1.50  2.25 

Laborers    IIM:       1.10  12.65 

Total    labor    cutting    and    setting    hardwood   foundation 

posts,    320    ft.    B.    M i  27.90 

Materials: 
320  ft.  B.  M.  S-in.  diam.  jiqui   (hardwood) 

foundation  posts    $29.00  9.28 

Chalk,    line,    etc .10 

Total  materials,  hard-wood  foundation  posts  (S-in.  diam.), 

320    ft.    B.    M 9.3S 

Framing   and    Placing    6"x6"   Hardivood   House  Sills: 

Labor: 

Carpenter     

Carpenter    

Carpentei     

Carpenters     l-.elper 

Total   labor  framing   and  placing   hardwood   house    silis, 

453.67    It.    B.    M 

Materials: 

453.67    ft.    B.    M.    6x8    in.    (squared)    hard- 
wood sills   55.00  24.95 

25  lbs.  nails   (10  lbs.  30d,,  15  lbs.  60d.) 4.25  1.06 

Total    materials,    hardwood   house   sills.    4u3.67    ft.    B.    M. 

Framing   and   Erecting   Floor  Beams,  Studding,  Rafters, 
Railings,  Etc.: 

Labor: 

Carpenter      18^^ 

Carpenter    3 

Carpenter    11^/^ 

Carpenter's    helper 3^4 

Laborers    2 

Total    labor   framing  and   erecting  fioorbeams, 

rafters,  etc..   2,807  ft.   B.   M 

Materials: 

2,517  ft.  B.  M.  pine  lumber  (d.   4  s.) 41.50         104.46 

290  ft,  B.  M.  pine  lumber  (d.  4  s.) 44.00  12.7ii 

70  lbs.  nails  (55  Ihs.  16d..  15  lbs.  30d.) 4.25  2.98 

Total   materials   for   framework    (floor   beams,    studding, 

rafters,   etc. ) ,   2.807   ft.   B.    M 

Placing  Siding   (Novelty  Siding)  : 

Labor : 

Carpentt  r    1 

Carpenter    9 

Carpenter    12 

Carpenter's    helper 6% 

Laborers    4 

Total  labor  placing  siding,   1,600  ft    B.   M. 

Materials: 

83  ft.  B.  M.  Novelty  siding  (1x8  in.) 44.00 

1,016  ft.   B.   M.   Novelty  siding  (1x8   in.)..   42.00 
501   ft.   B.   M.    pine  lumber   (d.   4   s.).    (1x8 

&  1x6  in.  &  1x5  in.  &  2x6  in.) 44.00 


Unit  Cost. 


$87.19  per  M.  ft.  B.  M. 


29.31  per  M.  ft.  B.  M. 


61.17  per  M.  ft.  B.  M. 


26.01  h'l 

i"x3"    Strips 


.33  per  M.  ft,  B.  M. 
for    Tile,    Porch 


3.25 

60.13 

3.00 

9.00 

2.00 

23.00 

1.50 

5.25 

1.10 

2.20 

ns,    studding. 

3.25 
3.00 
2.00 
1.50 
1.10 


3.25 

27.00 

24.00 

9.75 

4.40 


3.65 
42.67 


99.58 


120.20 


68.40 


60    lbs,    nails.    8d 

Total  materials  for  siding 


M. 


4.25 


22.04 
2.55 


3.25 
3.00 
2.00 
partitions. 


3,25 

10.50 

8.00 

988 


41.50 
L28 


1,600   ft.    B. 
Laying  Floors  and  Celling  Partitions: 

Labor: 

Carpenter    1 

Carpenter    ZVs 

Carpenter    4 

Total    labor    laying    floors    and    ceiling 

ft.    B.    M 

Materials: 

988  ft.   B.  M.  4-in.  t.  &  g.   flooring 42.00 

30  lbs.   nails,   8d 4.25 

Total  materials,  floors  and  partitions,  988  ft.  B,   M 

Doors  and   U'indoivs  (Including  Setting  and  Casings): 

Labor: 

Carpenter    11  3.25  35.75 

Carpenter    SVz       3.00  19.50 

'I'otal   labor  finishing   and   erecting   doors,    windows   and 

casings  (156.12  sq.  ft.  doors  and  windows) 

Materials: 
156,12    sq,    ft.    paneled    cedar    doors    and 

windows    (complete)    35 

201  ft.  B.  M.  pine  lumber  (d.  4  s.)   casings  44.00 
Hardwai'e     (locks,      chain     catches,     foot 

bolts,  hinges,  screws,  catches,   etc.). 


70.91 


21.75 


42.78' 


55.25 


-m. 


iron     rod     for     window 


54.64 
8.84 


5.60 


V, 


0     lbs.      V4 

gratings     

panes    of    window    glass     (to    replace 

breakage)    

sheets   sandpaper 

lbs.  putty 

lbs.  nails,   Sd 

lbs.  assorted  nails 

package  small   wire  nails 

"Total  materials  for  doors,   windows  and  casings, 
sq,  ft.  of  dooT'S  and   windows) 

French  Tile  Roof: 
Labor : 

Mason    3  ^/^ 

Carpenter's    helper 7 'A 

Laborers     12 

'J'otal   labor  laying  French   tile   roof,   728  sq.    ft 

(Total  labor  laying  Fi-ench  tile  roof,  per  M.,  flat  tile.  $33.35.) 
Materials: 

1,022    FVench    tile 78.43 

38    ridge    tile 94.72 

Charge  for  unloading  above  tile  at  station 

5   lbs.   fine   wire 

2%    lbs.    staples 

2    meters    galv,    iron    wire    mesh    (rein- 
forcing  mortar   gutters) 

2  sacks  lime 

Vi   cu.  m.  sand 3.00 

^4    barrel    cement 3.45 

Total  materials  for  French  tile  roof.   728  sq.   ft 
(Total  materials  for  French  tile  roof,  per  M., 


3.70 

.20 

.01 

.15 

4.25 

.07 


2.75 
1.50 
1.10 


.08 
.32 


.60 
.50 


6.29 

1.00 
.05 
.45 
.21 
.35 
.05 
.(156.12 


9.63 

11.25 
13.20 


80.16 
3,60 
1.S5 
.40 
.80 

1.20 

1.00 

,75 

1.73 


77.48 


34.08 


35.48  per  M,  ft,  B,  M. 
42.82  per  M,  ft,  B.  M. 

42.75  per  M.  ft,  B,  M, 
44.32  per  M.  ft,  B,  M, 

22.01  per  M,  ft.  B,  M. 
43.30  per  M.  ft.  B,  M, 

0.354  per  sq.  ft. 


0.496  per  sq.  ft. 


0.0468  per  sq.  ft. 


flat  tiles, 


91.49 
$89.52.) 


0.1257  pf  sq    ft. 


they  would  be  turned  out  in  good  shape 
ready  for  use,  but  the  workmanship  was 
exceedingly  poor  and  much  labor  was  wast- 
ed in  truing  them  up  and  sandpapering 
them  to  a  reasonable  degree  of  smoothness. 
It  would  have  been  much  cheaper  if  the 
lumber  had  been  purchased  and  the  doors 
and  windows  made  by  the  carpenters  on 
the  ground.  There  are  10  doors  and  8  win- 
dows in  the  larger  house.  The  doors  are 
in  two  leaves  and  all  but  one  are  2,70 
meters  high  by  1.20  meters  wide.  The  front 
door  is  3.00  meters  high  by  1.50  meters 
wide.  The  windows  are  also  in  two  leaves, 
swinging  inwards,  the  total  opening  being 
1,20x2,00  meters.  Each  leaf  has  one  pane 
of  glass  14x16  ins.,  with  a  swinging  shut- 
ter covering  the  glazed  opening.  The  win- 
dow openings  are  protected  by  barred  grat- 
ings. The  doors  are  provided  with  Ameri- 
can mortise  locks,  and  both  doors  and  win- 
dows are  supplied  with  foot  bolts  and  also 
with  chain  catches  for  the  tops.  In  the 
small  house  there  are  four  doors  and  four 
windows.  The  doors  consist  of  only  one 
leaf  and  are  1.00x2.10  meters.  The  win- 
dows are  of  the  same  style  as  in  the  other 
house,  but  are  only  1.00x1.40  meters.  The 
glasses  arc  8.xl2  ins. 

The  roofs  are  of  the  ordinary  peaked 
style  on  a  slope  of  1%  to  1.  On  a  house 
previously  built  fibro-cement  shingles  had 
been  used,  but  they  never  gave  satisfac- 
tion. They  cost  in  labor  $0.00679  per  sq.  ft., 
and  in  materials  $0,102  per  sq.  ft.,  or  a  total 
of  $0.10879  per  sq.  ft.  They  cracked  easily 
when  anything  fell  on  them  or  it  was 
necessary  to  go  on  the  roof  to  make  re- 
pairs and  with  the  3-in.  lap  recommended 
by  the  makers  they  did  not  keep  out  the 
driving  tropical  rains  and  the  roof  leaked 
like  a  sieve.  This  was  due  to  the  fact  that 
the  clips  furnished  with  the  shingles  per- 
mitted too  much  motion  when  the  wind  got 
.  under  the  edges.  If  a  6-in.  lap  had  been 
used  the  expense  would  have  been  about 
equivalent  to  the  French  tile.  Undoubted- 
ly the  semi-circular  or  Spanish  tile  makes 
the  best  roof  for  a  tropical  climate,  but  as 
this  is  so  heavy,  French  tile  is  the  best  ma- 
terial for  wooden  buildings  of  this  class. 
It  is  easily  laid  and  makes  a  light  roof.  In 
shipping  the  tile  on  the  railroad  from 
Havana  to  Camagiiey  •")  per  cent  were 
found  broken  more  or  less.  However  most 
of  this  was  usable  in  the  valleys  of  the 
roofs  where  tile  had  to  be  cut  anyway  and 
in  completing  the  top  row  of  tiles  under 
the  ridge  pieces.  Only  0.7  per  cent  was  a 
total  loss  on  the  railroad.  In  hauling  the 
14  miles  over  rough  roads  from  Camagiiey 
to  the  headworks  4  per  cent  more  of  the 
tiles  were  broken  on  the  edges,  though 
most  of  them  were  usable.  For  freight 
shipment  and  a  haul  like  the  one  here  con- 
sidered probably  5  per  cent  of  total  loss  of 
tile  would  more  than  cover  the  actual 
wastage.  The  flat  tile  are  40x25  cm.  out- 
side and  lay  35x20  cm.  neat.  They  weigh 
5%  lbs.  apiece.  The  ridge  tile  are  40  cm. 
long  and  weigh  4%  lbs.  each.  Fifteen  tiles 
are   required   per   square  meter.     .A.llowing 
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i'liiHlini; — First  Cuii: 

La  bur. 
P»itn>-r 


•■r  pHlnllng  Ztt  sq.  yua. 
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1.35 

1.25 
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3.13 
.63 
.09 
.50 


«.S0 
U-.OG 


76.80 


Tuiul  iimtiTlnl*  palnllnK  237  aq.  yda. 

Hauling  Maltrials  iCamagUfy  to  Headtvorks,  /j  Miles): 

f,n  }\>f    ..f  Mats  for  food 2.29  1.49 

<l>'|uLrtnient    tvani    liaulInK 

•;  tluys 1.10 

'"-r    2  ulo  ton» 6.00 

hItiUow*.  cement,  sand, 
tiins. ...                                    6.00 
iiK  16.15  tons  (20(10  lbs.) 

hogvni-s     yBrick  l-ire  Places): 

Latwr. 

Mum.n    214 

I.atK>rfr»    2^ 

Total  labor   brick   llri-place,  375   brick 

Materials: 

^    ^•u.    m.    sand 3.00 

I-   1.1)1.   o.-ment 3.45 

i.k»    ilmi- 50 

irli'k  inutlvc.   i:i4X6%,xlti  In.) 12.00 

-^  t    lbs.   cast   Iron  grates 05 

1  Kalv  Iron  houd.  Hniokoslack.  DashlnR,  etc.    10.00 
Total  materlalH  for  brick  llreplace.  375  brick 

Oeneral  Items — Miscellaneous  Expenses: 


2.75 
1.10 


7.56 
2.48 


1.50 
1.73 
1.00 
4.50 
1.11 
10.00 


l«l-«r 


:! 
1 

14 
1 
1 
1 
-'4H 


3.2; 
3.00 
2.00 
1.50 
2.75 
2.00 
l.in 


9.75 
3.00 
3.00 
1.50 
2.75 
2.00 
26.95 


.  .11  [..  ni.ra  helper   

MaH<in       

ililnter 

l.abor«'rs 

Total   lalH.r.   Keneral   Items,   dlslrlbiited   fur   total  lumber 

UN«-d  In  house,  except  doors  &    windows,  6,til9  ft.  B.  M. 

Mati-rlals: 
<ial\iinlz>'d  Iron    roof  KUltera  and   sup- 

(lorts.  4.'.  melers 70  H.15 

19  fl.    II.   .M    .(^liir  for  gate 40.00  .76 

«0  ft     K.    M     iilnv  liiiiilii-r   (d.   4  s.  1 41.50  2.49 

I7u   ft.    It     .M     liurUwood    for    house  steps 

and   frnt't'  imimih 55,00  9.35 

</^  cu.  in.  of  saml 3.00  1,50 

1  Rate  lati'li  and   4  hammock  hooka .85 

2  sacks   llm.-   50  1.00 

^   Ki>>.    Milx.'.l  paint 1.25  .63 

Total    iii/itirlals,    general    Items,    distributed    for    total 

lunitx-r    used    In    house,    except    doors    and    windows, 
<.«19   ft.   B.  M 


19.«S 


1371 


15.00 


S  99 


4.35 


96.95 


10.04 


19.  S4 


48.95 


19.73 


Total    cost    . 
Including 


if   house,   6,619    ft.    B,    M.   lumber   used   (not 
loors  and   windows) 


SI,041.17 


0.0(29  per  s<|.  yd. 


0.057fi  per  —\.  yd. 


0.0633  per  sg.  yd 


".•t;iT'.»  [MM  H.| 


0.0464  per  sq.  yd. 


O.0IS4  per  sq.  yd. 


6.00  per  ton. 


26.77  per  M. 


3:'. 91  per  .M 


.40  per  M.  ft.  B.  M 


2.98  per  M    ft.  B   M. 


tl67.30perM.  ft.  B.  M 


The   following  summary  shows  the  unit  cost  of  each  of  the  above  items  reduced  to 
the  basis  of  thousand   feet  of  luml>or  used   in  the  house  and  to  the  cubical  contents  be- 
low the  eaves;  »»,('>I0  fl.  B.  M.  of  lumber  were  used  in  all  and  ihc  cubical  contents  below 
the  caves  was  found  to  be  3,00o  cu.  ft. 
Summary: 


flitting  and  netting  Jliiul  foundation  posts— 

UitM.r     

,MiH.tlals    

KraniitiK  and  placing  6x6  In,  hardwood  house  sills 

l.nt...r      

Mui.-rtals    

KramliiK  and  erecting  floorlHams.  studding,  rafters,  etc. — 

IjllM.r      

Mali-rials    

i'larlng  Novelty  siding— 

Ijlbor        

.Materials    

Ijiying  door  and  celling  partitions 

T  Jil.*>r     

Mat.rlals    

Setting  doors  and  windows  (Including  raallngs)  — 

LalHir 

Material!! 


Amount. 

1  "ost 
.M    Kt    It.  M 

Per 

Cubli-  Kl 
Contents. 

t      27.90 
938 

t 

4.21 
1.42 

10  0077 
.0026 

27,76 
26,01 

4.10 
3.93 

.0077 
.007« 

99.58 

120.20 

I.'.  04 
IS  16 

0176 
.0333 

<«  40 
70.91 

10.33 
10.71 

.0190 
.0197 

21,76 
42.78 

3.29 
6.46 

.0060 
.0119 

77.48 

U.S.'. 
11.71 

11 M 
.0316 

fi<r  wastage  the  number  of  tiles  actually 
used  came  to  15  11  per  square  taeter,  or 
1  -ttM  per  tq.  (t.  The  flat  tile  were  laid 
on  lx3-in.  stript,  a  wire  being  passed 
through  a  lug  on  each  tile  and  stapled  to 
the  strips  at  intervals.  The  ridge  iilcs  were 
laid  in  lime  mortar.  The  valleys  in  the 
roofs  were  made  of  cement  mortar  rein- 
forced with  wire  mesh.  Over  this,  as  being 
less  liable  to  crack,  was  spread  a  Vk-in  coat 
of  lime  mortar.  Up  to  the  present  the»c 
valleys  have  not  leaked,  but  it  is  expected 
that  they  will.  Any  walking  on  the  tiles 
lining  the  edges  of  the  valley  cracks  the 
mortar.  Lining  the  valley  with  tin  under- 
neath the  mortar  would  have  ensured 
tightness. 

The  painting  was  rather  expensive  It 
was  welt  done,  the  paint  having  been 
brushed  in  thoroughly,  but  the  painter,  who 
was  an  .American,  was  undoubtedly  slow. 

The  hauling,  which  was  done  during  the 
rainy  season  whi-n  the  roads  were  very 
Iwd,  cost  $8  a  ton  and  was  done  by  con- 
tract. The  haul,  as  before  mentioned,  was 
over  a  distance  of  23  kilometers,  or  about 
14  miles.  If  the  hauling  had  been  done  af- 
ter Nov.  1.5,  or  during  the  dry  season,  the 
cost  would  have  been  only  $4.50  per  ton  of 
2,000  lbs. 

L'ndcr  the  miscellaneous  expenses  arc 
included  all  extras  and  general  work.  This 
item  includes  the  cost  of  a  cook,  building 
a  thatched  rancho  for  kitchen,  tables  and 
other  general  camp  expenses.  The  fetKes 
surrounding  the  two  patios  are  of  the 
wooden  picket  variety,  built  over  a  low 
stone  wall  laid  in  lime  mortar.  The  patios 
were  leveled  up  with  gravel.  The  fKJSts 
for  the  fences  are  of  hardwood  and  the 
gates  are  of  cedar.  The  "fogones,"  or  na- 
tive fireplaces  are  1.80x0  60x0.90  meters. 
They  each  contains  three  cast  iron  char- 
coal pots.  Over  each  "fogon"  is  a  galvan- 
ized iron  hood  with  pipe  extending  through 
the  roof  provided  with  flashings  and  hood. 
.Ml  steps  for  both  houses  are  of  mahogany 
or  other  hardwood.  The  portico  roof  on 
the  two  sides  of  the  patio  of  the  large 
house  is  supplied  with  a  i>-in.  galvanized 
iron  gutter  with  4-in.  downspouts  at  each 
end.  .-Ml  other  unprotected  doors  are  sup- 
plied with  short  gutters  so  as  to  throw 
the  drip  each  side  of  the  doorway. 

Work  was  begun  on  Sept.  9.  1908,  and 
lasted  till  Jan.  25,  1909.  Some  trouble  was 
experienced  from  rains,  which  were  heavy 
during  most  of  this  time  The  bos*  car- 
penter was  an  American.  He  was  in  charge 
..I  the  ramp  and  was  verj-  efficient. 
Throughout  most  of  the  work  he  had  an- 
other American  carpenter  and  throughout 
the  first  two  and  a  half  months  he  also 
had  two  native  carpenters.  Every  en- 
deavor was  made  to  get  substantial,  first- 
class  work,  and  the  cost  data  are  rea.sona- 
Mp  for  the  class  of  work  obtained,  for  an 
t>  in  this  locality.  If  the  hauling 
iess  or  over  better  roads,  if  the 
grnrral  camp  expense  had  not  been  charged 
in,  and  if  a  poorer  class  of  workmanship 
had  been   pemiitted,  the  total  cost   per   M 
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French  tile  roof — 

Labor     

Materials    

Painting.  3  coats — 

Labor     

Materials    

Hauling    materials    .... 

MisceUaneous  expenses- 
Labor     

Materials    


34.0S 
91.49 

5.15 
13.82 

.0094 
.0254 

45.65 
27.05 
96.95 

6.90 

4.09 

14.65 

.0127 
.0075 
.0269 

48.95 
19.73 

7.40 
2.98 

.0136 
.0055 

$35.^ 


48.04  perM.  ft.  B.  M. 


29.27  per  M.  ft.  B.  JI. 


r.O  per  M    ft.  B.  JI. 


.13  per  M.  ft.  B.  M. 


$6S.25 

76.50 

30.00 

4.50 

7.70 

studding. 


1.39  per  M.  ft.  B.  M. 


per  M.  ft.  B.  M. 


Grand    total    $1,041.17  $157.30  $0.2SS8 

PX'MPMAN'S   HOUSE   AT   HEADWORKS. 
Cutting  to  Length  and  Setting  Jiqui  (Hardu'ood )  Foundation  Posts: 

Rate.     Amount.     Total.     Unit  cost. 
Labor: 

Carpenter.    3   days $3.25         $  9.75 

Carpenter.    1   da.v 3.00  3.00 

Carpenter.   2   da.vs 2.00  4.00 

Carpenter's   helper.   3   days 1.50  4.50 

I-aborers.    13   days 1.10  14.30 

Total   labor  cutting  and  setting  hardwood  foundation   posts 

(S"    diam.)    740    FBM 

Materials: 

740  ft.   B.  M.   of  S  ins.   diam.  jiqui   (hard- 
wood)   foundation   posts $29.00         $21.46 

Chalk,    line,    etc .20 

Total  materials  hardwood   foundation   posts  740  ft.    B.    M  $21. (iG 

Framing  and  Placing  6  x6     Hard^cood  House  Sills: 
Labor: 

Carpenter,   3   days $3.25  $9.75 

Carpenter,    2V.    davs 3.00  7.50 

Carpenter.  21^  da.vs 2.00  5.00 

Carpenter's   helper.    2%    days 1.50  3.75 

Total    labor    framing    and    placing    hardwood    house    sills. 

SOO  ft.    B.    M $26.00 

Materials: 

SOO  ft.    B.   M.   6.x6  in.   (squared)    hardwood 
sills    $55.00         $44.00 

40  lbs.  nails  (15  30d)    (25  60d) 4.25  1.70 

Total  materials  hardwood   house  sills,  .800  ft.    B.   M $45.70 

(Nails  used  at  rate  of  1S\  lbs.  per  M.  ft.  for  30d.  1 

(Nails  used  at  rate  of  31%  lbs.  per  M.  ft.  for  60d.) 

Framing  and.  Erecting  Floor  Beams,  Studding.   Rafters.   1x3  in.  Strips  for   Tile.  Porch 

Railing,  Etc.: 
Labor: 

Carpenter,  21    days $3.25 

Carpenter,    25%    days 3.00 

Carpenter.  15  days 2.00 

Carpenter's  helper,  3  days 1.50 

Laborers.    7    days 1.10 

Total   labor  framing   and   erecting  floor   beams. 

rafters,    etc.,    7363    FBM $186.95 

Materials: 

6,012  ft.  B.  M.  pine  lumber  (d.  y.  s.) $41.50       $249.50 

1.351  ft.  B.  M.  pine  lumber  (d.  y.   s.) 44.00  59.44 

140  lbs.   nails  (105  lbs.  16d).   (35  lbs.  30d)       4.25  5.95 

Total    materials    for    framework    (floor    beams,    studding, 

rafters,   etc.).   7.363  ft.   B.   M $314.89 

(Nails  used  at  rate  of  14H  lbs.   per  M.  ft.  B.  M.  for  16d). 
(Nails  used  at  rate  of     4%   lbs.  per  M.  ft.   B.   M.  for  30d). 

Placing  Siding — (.'Novelty  Siding)  : 
Labor: 

Carpenter.   5   days $3.25         $16.25 

Carpenter,  9  days 3.00  27.00 

Carpenter.  91^  days 2.00  19.00 

Laborers,    2    days 1.10  2.20 

Total  labor  placing  siding.   3. 817   ft.  B.  M 

Materials: 

2.559  ft,   B.  M.  novelty  siding  (l"xS") $42.00       $107.48 

209  ft.  B.  M.  novelty  siding  (l"xS") 44.00  9.20 

1,049  ft.  B.  M.  pine  lumber  (d.  y.  s.)  l"xS", 

l"x5",    l"x4",    2"x6" 44.00  46.16 

.      160  lbs.   nails.    8d 4.25  6.80 

Total  material  for  siding.  3. 817  ft.  B.  M 

(Nails  used  at  rate  of  41.9  lbs.  per  M.  ft.  8d). 
Laying  Floors  and  Ceiling  Partitions: 
Labor: 

Carpenter.    6    days $3.25         $19.50 

Carpenter.    6    days 3.00  18.00 

Carpenter.    5%    davs     2.00  11.00 

Laborers.    2    days 1.10  2.20 

Total   labor   laying   floors  and   ceiling  partitions,   2,997   ft. 

B.    M 

Materials: 

2.997  ft.    B.   M.    4-in.   t.  and  g.   flooring $42.00       $125.87 

SO  lbs.   nails.   8d 4.25  3.40 

Total  materials  floors  and  partitions.  2.997  ft.  B.  M $129.27 

(Nails  used  at  rate  of  26.7  lbs.  per  M.  ft.,    Sd). 
Doors  and    Jl'indozc's    (Including   Setting   and   Casings) : 

Labor: 

Carpenter,    21    days $3.25        $68.25 

Carpenter,    10    days 3.00  30.00 

Carpenter.    5    days 2.00  10.00 

Laborers.    1  day 1.10  1.10 

Total    labor    finishing   and    erecting    do.. is.    windows    and 

casings   (567.67  sq.   ft.   of  doors  and  windows) $109.35 

Materials: 

567.67    sq.    ft.     paneled     cedar   doors     and 

windows    (complete)    $0.35 

519  ft.  B.  M.  pine  lumber  (d.  y.  s.)  casings 
Hardware    (locks,     chain       catches.       foot 

bolts,  liinges,   screws,  catches,   etc.) 

395  lbs.   J^"  iron  rods  for  window  gratings 
2  panes  window  glass  20%"xl7%"  (to  re-  ■ 

place    breakage) 

15  sheets  sand  paper 

8  lbs.   putty 

10  lbs.   nails.  Sd 

15  lbs.   as.sorted   nails 

%   package   small   wire   nails 

Total   materials    for   doors,    windows   arid   casings    (567.67 

.sq.  ft.  of  doors  and  windows) $269.83  0.475  per  sq.  ft. 


$64.45 


$169.64 


16.SS  per  M.  ft.  B    M. 


44.44  per  M.  ft.  B.  M. 


$50.70         $16.92  per  M.  ft.  B.  M. 


$43.13  per  M.  ft.  B.  M 


0.193  per  sq.  ft. 


0.35 

$198.68 

4.00 

22.84 

29.61 

3.70 

14.62 

0.60 

1.20 

0.01 

.15 

0.15 

1.20 

4.25 

.43 

0.07 

1.05 

.05 

ft.,  B.  M.,  might  have  been  reduced  about 
$20;  but  on  the  whole  the  costs  can  be 
taken  as  fair  for  the  conditions. 

It  will  be  noticed  that  the  costs  for  the 
small  house  are  all  higher  than  those  on 
the  large  house.  This  can  be  accounted  for 
in  that  it  is  always  more  expensive  to  do 
a  small  piece  of  work  than  a  larger ;  and 
more  especially  by  the  fact  that  this  was 
the  first  of  the  two  houses  built.  By  the 
time  the  carpenters  got  to  the  large  house 
they  knew  just  what  to  do. 

The  prices  given  are  in  U.  S.  currency 
and  the  costs  cover  all  necessary  work 
except  general  supervision  and  the  time 
spent  in  purchasing  materials.  The  work 
was  done  by  the  department  on  tlie  day 
labor  basis. 


Tractive  Resistances  Using  Steel  Tired 
and  Pneumatic  Tired  Vehicles. 

Data  on  the  resistance  to  traction  at  low 
speed  on  roads  are  abundant  but  very  con- 
flicting. Corresponding  data  at  high  speeds 
are  exceedingly  meager,  although  of  grow- 
ing importance,  especially  to  the  manufac- 
turers and  users  of  motor  cars. 

Some  comparatively  recent  dynamometer 
tests  are  recorded  in  the  1907  edition  of 
.\itken's  '"Road  IMaking  and  Maintenance," 
but  not  in  from  that  admits  of  ready  com- 
parison with  other  tests.  We  have,  there- 
fore, changed  the  form  of  the  records  so 
as  to  show  the  tractional  resistance  in 
pounds  per  ton  of  2,000  lbs.,  for  steel  tired 
and  pneumatic  tired  vehicles. 

The  dynamometer  was  one  made  for  the 
"British  Association  Committee,"  and  is 
fully  illustrated  in  .\itken's  book.  In  test- 
ing the  tractional  resistance  of  a  wagon 
wheel,  the  wheel  is  mounted  in  a  frame 
that  is  trailed  behind  an  automobile.  This 
fratne  is  loaded  with  iron  to  any  desired 
weight.  The  recording  apparatus  is  in  the 
automobile,  and  consists  of  a  combined 
recording  pressure-gage  and  tachometer, 
so  that  the  resistance  to  traction  and  the 
speed  of  the  vehicle  are  recorded  on  pa- 
per. 

,\n  iron  tired  wheel.  40  ins.  in  diameter, 
■S  in.  tire,  running  on  a  stone  block  pave- 
ment, showed  the  following  resistances 
when  running  at  a  speed  of-  10  miles  per 
hour.  The  wheel  was  provided  with  plate 
springs  : 


Load  on 
wheel, 
lbs. 
392 
672 
952 


Resislance 

in  lbs.  per  ton 

of  2.000  lbs. 

122 

104 

95 


This  shows  a  very  marked  decrease  in 
tractive  resistance  per  ton  as  the  wheel 
load   increases. 

To  show  the  effect  of  speed  in  increas- 
ing the  tractive  resistance,  the  following 
table    will    serve.     Using   the    same   wheel 
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l-ffHCh  TiU  Roof: 


r.      H     Ju) 

11  ...•. 

«  *'" 
1.1. 
«ti.   (1 
Ul»» 

t7S.«S 

U.13 

0.08 
0.2& 

o.«o 

II    .1 

■  I   .,..>M.«  Pronch  tllo  ruuf  pvr  M. 

1.J  tf..  / 
t!S2.1t 

7.77 

line  above  Ul«  at  mitllon 

6  15 
l.'.'O 

l.itt 

'    iron  wire  niMli  trvlnforclnc 

itivr) 

3.<0 

.t: 

1  :io 

•and     ........ 

...Ill 

1  JO 
S.ii 

as  before,  loadctl  wilh  C72  Ibi.,  the  results 
werr  a«   follows  : 


to.os 


fl.ao 


Total  niuti*ruilH  tor  Krrncli  lllr  i. 
I'lutiil  iiiuli-rliilii  piT  M.  r.ul   lllt'x 

Vaulting,  1st  Coat: 

|.jilM>r- 

! 1»S   dayii 

I'ur  puliitlng  <4o  wi.  yda. . 

iiilx>-<l    iMiInt tl.!5 

llnrivtHi  ull l.'^Ik 

..piiy 0.1; 

!|||llll 

.1    iHllier.  -  U.Ol 

1.25 

I. .1.11   in.il.  I  iiilM   JMilntlllK   '.I'    M.|.    >tlD 

I'aiiitini;,  .'J  Coat: 

l.j>lK>r: 

I'UlllIlT.    ■M\    du>K    $2.00 

Tixul   liil>ur  pulnlliiK  £40  ■«)  .yds 

\T     "        ■     ■ 

irilx<-d  imlnl $1.23 

.tinfvd   oil 1.25 

1    |..iirii    hru'«h 1.25 

Tulul  iiiutirliilii  luilnllng  645  sq  .yda 

/'ainting,  J«i  Coat: 
iMttor: 

("iiltiti-r     10^4   days 

3  day^ 

iKir  painting  645  aq.  yds 


tSK.Oo 


tlS.75 

4. -IK 

1.50 

.13 

.10 

I  25 


141.50 


$12.50 
3.75 
1.25 


$3.25 
2.00 


$34.13 
6.00 


$308.83 


$311.00 


IL'SII 


$41.50 


$17.50 


$10.13 


.   K.ii-     iiilxnl  piilnt $1.25  $6.25 

1    ifal.    llnHft'd   Ml) 1.25  1.25 

■  4  Itm.  Iiiiiip  liliii'k  (darkening  trimmings)       0.18  .27 

1    iwlnt   bruMli 1.25  1.25 

Toiul   riuiit-rlalii  fuilnllng  645  mi.   yds $9.02 

Hauling  Materials  iCainaguiy  to  Hcadivorks,  1$  Miles): 

150  ItM.  oum   for  fi-ed $2.99  $4.49 

Prlv.T    (with    dcpartnirnt     team     hauling 

■    '.laliii.     1>    days 1.10  19.80 

I   IuimImt.   ;1.446  tons 6.00  20.68 

...iMT.     doors,      windows,      cement, 

^.iii.i.   Hiont'.   vie.    35.5    tons 6.00  213.00 

Total   cost  hauling   12.946  tons   (2.000  lbs.) $237.97 

Fogoiifs"   iBriik  l-ircflact-s) : 
1  jiltor: 

.M:iwn.    2\    da.vs $2.75  $7.56 

2%    days 1.10  2.48 

i.or  brick   llreplace  (12Vi"x6%i''xlH") 


'-    111     iiifti-r  sand 

^    l>bl.    cfniont 

2  sacks   llini* 

375  brick   (nallvi-   l^'xe^-'xHi") 

2'-*-*     lbs.    cast    Iron    gnitcs 

I    galv.    Iron    IuhmI.    sniokc   slack,    flashing. 

rtl- 

Toial  nintrrlals  brick  llrt-place.  375  brick.. 

(."c'lirrn/  Items — Miscellaneous  Expenses: 

I.abor: 

< 'nrpcntcr.   9  dnvs $3.25 

'    .ii.f...      J    .|.'\.i 3.00 

.     2  days 1.50 


$3.00 

$i..-.o 

3.45 

1.73 

0.50 

1.00 

12.00 

4.50 

0.05 

1.11 

10.00 


10.00 


$29.25 
6.00 
3.00 
9.63 
4.00 
84.70 


$19  34 


2.00 

1.10 

I  Items.     Distributed  for 
t'.t.d  I. Mill. .r   u>>-d  In  houso,  except  doors 

and    winilows.    IB.TIJ   ft.    H.    M $136.58 

.Matt-rUils: 
6  In.  Ktiv    Iron  riMif  gutters  and  supports. 

26.94    in.-l.TS    10  70         $18.86 

19  ft.   H    .M.  inlar  for  gatps 40.00  .76 

1.511  ft     U.    .M     pliM-  lunibi-r  (d.  4  s.  1 41.50  6.23 

307  ft.  M.  M    hardwood  for  bouse  steps  and 

ffn<-«*    iMiSis    55  00  16  S9 

lo^j    l.bls    .  iin.iil :i.  •.■.:•• 

2  l.i  i'li.   rni'i«Tn   siinil .."  >.  1  . 

\  ''•Z  .11     nifti-rs  broken  sloni*. ...  ;  1  : 

■    .     ■         it.-h 

Iifnc 

■  \'-\\  paint 

lOt.il   iiiaii-rinis  g<-n<*ral  lii'itis.     tnslrlbuli'd  (or  lulal  luiii- 
IxT    iis.-<l    In    housi-.    rxci'pt    diKirs    and    windows.   16.712 

fl.    It     .M 

Toinl    cost   of    housf.    16.712    ft.    B.    M.    lumber    used    (not 

Including    diMirs   and    windows) $2,479.96 


0  0191  per  s<|   fl. 


0.1205  per  aq.  fl. 


O.U605  per  sq.  yd. 


0.0405  pel   n.|    >.l 


0.0643  per  sq.  yil. 


0.0271  per  sq.  yd. 


0.0622  per  sq.  yd. 


0.0140  Pit  sq.  yd. 


$6.01  per  ton. 


$10.04        $26.77  per  M. 


$52.91  per  M. 


$8.17  por  .M    fl    11    .M 


$100.40 


$6.01  per  M    fl.  n.  M. 
$148.39  per  M.  ft.  B  M. 

The  fiilldwinK  suiiunary  slirnvi  the  unit  cost  of  cacli  of  the  above  items  reduced  to 
the  iMlsis  of  thousand  feet  of  Uiiiilu-r  used  in  the  house  ami  to  the  cubical  coiUcnls  be- 
low the  eaves;  |t;,7l2  ft.  H  M  ..f  himlicr  were  used  in  all  and  the  total  cubical  contents 
below  the  caves  was  found  to  be   l.'l.tilG  cu.    ft. 


Speed 

Mile« 

per  hour, 

7 

!• 
11 
12H 


Resistance 
in  lbs. per  ton 
of  -i.OOO  lbs. 

08 

81 

!« 
Ill 
119 


This  shows  a  striking  increase  in  the 
tractive  resistance  with  the  increased  speed. 
The  increased  resistance  was  even  more 
marked  when  the  wheel  was  loaded  with 
V')i  lbs.,  for  at  12  miles  per  hour  the  re- 
sistance was  2-J  per  cent  greater  than  at  10 
miles  per  hour. 

Experiments  were  made  with  a  pneuma- 
tic tired  automobile  wheel,  24  ins.  diam.. 
2%  in.  lire,  steel  spokes,  provided  with 
springs.  On  macadam,  traveling  at  10  miles 
per  hour,  the  tractive  resistance  under  dif- 
ferent wheel  loads  was  as  follows : 


\jozA  on 

wheel, 

lbs. 

31.J 
427 
.'139 
651 


Resistance 

in  lbs  per  ton 

oi2.0<Xllbs. 

127 
120 
120 
1-20 


From  this  it  will  be  noted  that  increas- 
ing the  load  had  little  effect  upon  the  trac- 
tive resistance  per  ton. 

Changing  the  speed  of  travel  had  .1  very 
noticeable  eflfect,  although  by  no  means  as 
pronounced  as  in  the  case  of  the  iron  tired 
wheel.  .\t  1-5  miles  per  hour  the  tractive 
resistance  was  about  6  per  cent  greater 
than  at  10  miles  per  hour.  Within  the 
range  of  the  experiments  on  this  wheel — 
•i  to  1.5  miles— the  curve  of  increased  re- 
sistance was  almost  a  straight  line.  Ad- 
ditional tests  were  made  with  a  larger  au- 
tomobile wheel  having  wot>den  spokes. 
The  first  tests  were  made  with  a  34-in. 
pneumatic  tire  having  a  4H-in.  cross  sec- 
tion, and  the  load  on  the  wheel  was  896 
lbs.  The  wheel  was  provided  with  spring 
Running  on  hard  frozen  macadam  the  re- 
sistances were  as  follows : 


Speed 
miles 
per  hour. 

14 

20 
30 


Resistance 
in  lbs.  per  ton 
of  2,000  lbs. 

80 
87 
95 


It  is  an  interesting  fact  that  this  same 
wheel  running  on  a  stone  block  pavement 
showed  a  tractive  resistance  about  3  lbs. 
less  per  ton  at  all  velocities. 

An  additional  series  of  tests  was  made 
with  the  same  wheel  using  a  34-in.  tire  hav- 
ing a  sr.il.iti  .1H  i.i«    diam.  instead  of  4H 
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Siiiiiiiiar\: 

Cost  per 

Cubic  ft. 
Amount.         M.  ft.  B.  M.     contents. 

"^Labo? '"''  '''"'"^  ''''"'  '''""''''"°"  ''°'''~  $      35  55  $     2.U  0.0026 

Materials  ■.•.•.■.;.".".■.■.■.".•.■.■.■.■.;.• ::::::::::::::::: : . . . .      21.66  1.30        o.ooie 

Framing  and  placing  6x6  in.  hardwood  house  sills —  ^  „  „„,  „ 

Labor                               26.00  l.oo  0.0019 

SteteriaYs'.' 45.70  2.73  0.0034 

Framing  and  erecting  floor  beams,  studdings,  rafters,   etc. —  „„,-_ 

Labor    186.95  11.19  0.013 1 

Materials    314.89  18.84  0.0231 

Placing  novelty  siding—                                                                                    .  „  „„  „  „,„ 

Labor    64.45  -3.86  0.0047 

Materials    169.64  10.15  0.0125 

Laying  floor  and  ceiling  partitions— 

I^bor                             50.70  3.03  o.ouSi 

Materials    129.27  7.73  0.0095 

Setting  doors  and  windows  (including  casings) — 

Labor                   109.35  6.54  O.OCSO 

Materials    269.83  16.15  0.0198 

*\"^§or'"^r.'r 49.05  2.93  0.0036 

Materials 308.83  18.48  0.022 ^ 

Painting,   three  coats —  „„  „  „„„„ 

Labor       120.63  7.22  O.00.S9 

Materials 52.63  3.15  0.0039 

Hauling  materials   257.97   ,  lo.44  J-?!?? 

rog6n    (flreplace)    29.88  1.79  0.0022 

Miscellaneous  expenses —  „„,„„ 

Labor             136.58  8.17  0.0100 

Materials    100.40  6.01  0-0074 

Grand  total 52,479.96  $148.39  0.1821 

DOUBLE  CLOSET    LETRINA  AT   HEADWORKS. 

Labor:  „       .      ,,    ., 

Rate.  Amount.     Total.     Unit  cost. 

Carpenter.  9%  days $3.25  $30.88 

Carpenter,  5  days 3.00  15.00 

Mason.    2   days 2.75  5.50 

Painter.    2H    days 2.00  4.50 

Laborers,  22%  days 1.10  24.75 

Total  labor  tor  letrina .■ $80.63 

Materials: 

650  ft.   B.  M.  pine  lumber  (d.  4  s.) $41.50  $26.98 

399  ft.  B.  M.  pine  lumber   (d.  4  s.) 44.00  8.76 

-400  ft.   B    M.  novelty  siding  and  flooring..     42.00  16.80 

15   ft.   B.   M.   novelty  siding 44.00  .66 

14  ft.  B.  M.  cedar  for  ventilating  windows     40.00  .56 

■90  ft.  B.   M.   6"x6"  hardwood  sills 55.00  4.95 

"Hauling    materials    8.44  8.44 

T  bbls.   Portland  cement 3.45  24.15 

1   cu.    meter   sand 3.00  3.00 

2.7  cu.  meters  broken  stone 2.60  7.02 

1  sack  lime 0.50  .50 

3  flush    tank   water   closets 20.00  40.00 

4  lengths  soil  pipe  and  tee 9.35 

130  Fi-ench  tile , 78.43  10.20 

<)    ridge    tile 94.72  .85 

1  paint  brush 0.60  .60 

2  gals,   mixed  paint 1.25  2.50 

10  lbs.   nails  (5  lbs.   .Sd),    (5  lbs.   16d) 4.25  .43 

Hardware    156 

Total  materials  for  letrina $167.31 

Total  cost  of  double  closet  letrina $247.94 


ins.     The  load  was  the  same  (896  lbs.)  and 
the  resistances  were  as   follows: 


Speed 
miles 
per  hour. 
U 
20 
30 
35 


Resistance 
in  lbs.  per  ton 
of  2,000  lbs. 
66 
73 
82 
84 


Tlic  marked  effect  of  wheel  loads  upon 
tractive  resistance  was  painted  out  first, 
we  believe,  by  A.  M.  Wellington  in  his 
"Economic  Theory  of  Railway  Location," 
where  many  tests  on  freight  cars  are  given. 


LETTERS  TO  THE  EDITORS. 


Tt  will  be  noticed  that  this  tire  of  small- 
er cross-section  shows  a  very  marked  de- 
creased tractive  resistance,  which  is  ascribed 
to  the  greater  elasticity  of  the  smaller  tire, 
whose  thicT<ness  was  considerably  less  than 
that  of  the  larger  tire. 

It  will  also  be  noticed  that  the  34-in.  tire 
showed  very  much  less  resistance  than  the 
24-in.  tire,  which  was  to  be  expected. 

One  thing  that  is  very  striking  in  all 
fhese  tests  is  the  high  tractive  resistance. 
Of  course  the  tests  were  all  made  at  much 
greater  speeds  than  occur  in  hauling  heavy 
loads  with  horses  on  traction  engines,  the 
■wheel  loads  are  not  as  great  as  usually  oc- 
cur in  hauling,  and  the  size  of  the  wheels 
was  smaller.  All  these  factors  tend  to 
cause  decided  variations  in  tractive  resis- 
tance. 


Exception    Taken  to  Our    Review  of 
"Asphalt." 

Sirs  :  My  attention  has  been  called  to  your 
review  on  "Asphalt"  and  I  wish  to  take 
exception  to  the  idea  conveyed  by  you 
that  the  book  contains  manufacturers  spe- 
cifications, except  in  a  casual  way,  when 
reference  has  been  made  to  material  in 
which   asphalt  is   used. 

I  wish  to  point  out  that  this  book  is 
for  technical  readers  and  that  information 
is  given  in  regard  to  asphalt  from  widely 
varied  sources  not  hitherto  contained  in 
any  one  book  published.  However.  I  would 
say,  that  I  have  received  some  very  flat- 
tering remarks  from  engineers  of  a  high 
standing,  giving  their  appreciation  of  the 
information  gathered  together  in  this  book. 
Yours  very  truly, 

T.    HURH    B0OR.M.\N. 

New  York,  March  13,  1909. 


Catalogs  Worth  Having. 

Engineers  a^id  contractors  should  have 
on  file  the  latest  catalogs  of  machines, 
tools  and  supplies  that  they  use.  In  sending 
for  cataJogs  reviewed  or  advertised  in 
this  paper,  you  will  confer  a  favor  on  us 
if  you  will  write  direct  to  the  advertiser? 
and  state  that  you  saw  the  catalog  men- 
tioned in  Engineering-Contracting.  If 
you  are  in  the  market  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  notify 
promptly  the  leading  manufacturers. 

Xo.  llTi).  Electric  Car  Equipment  and 
Supplies.— Electric  Service  Supplies  Co., 
Pliiladelphia.    Pa. 

A  6.)4-page  book,  cloth  bound,  called  Cata- 
log: No.  4,  Volume  II.  Printed  on  a  heavy 
finished  paper  with  good  illustrations.  Il- 
lustrates and  describes  all  kinds  of  electric 
car  equipment,  conductors^  and  motormen^s 
supplies,  station  requisites,  electric  lamps 
and  sockets,  switches,  signs,  electric  heat- 
ers. Are  extinguishers,  car  heating  stoves, 
lightning  arresters,  switches  and  circuit 
breakers,  fuses,  rheostats,  wire,  gears  and 
pinions,  gear  cases,  axle  and  armature  bear- 
ings, babbiting  devices,  commutators,  carbon 
brushes,  brush  holders,  insulating  varnishes, 
mica,  insulating  tape,  rubber  mats,  corn  and 
rattan  brooms,  telephones,  testing  instru- 
ments, car  jacks,  car  replacers.  chain  blocks, 
soldering  furnaces  and  tools,  pliers,  wrenches, 
vises,  files,  hammers,  drills  and  other  tools. 
Weights    and    prices    are    given. 

No.  1177.  Curtis  Steam  Turbine  Generator. 
— General  Electric  Co.,  Schenectady,  N.  T. 

This  is  a  handsome  pamphlet  of  53  pages, 
devoted  to  Curtis  steam  turbine  generators. 
The  pamphlet  is  quite  elaborate,  so  far  as 
details  of  construction  are  concerned,  con- 
taining interior  views  and  cross-sections  of 
various  parts  of  turbine  and  generator.  It 
describes  large  and  small  turbines  of  ver- 
tical and  liorizontal  types,  and  contains  il- 
lustrations of  numerous  representative  Cur- 
tis turbine  installations.  The  bulletin  will 
be  found  to  contain  much  of  interest  to 
the   central   station    manager. 

No.  1178.  Computing  Machines.  —  Oscar 
Miiller  Co..   32   Broadway.    New    York. 

A  16-page  catalog,  telling  of  the  '■Unitas" 
computing  or  reckoning  machine.  The  first 
part  of  the  catalog  is  devoted  to  a  con- 
densed history  of  computing  machines,  and 
tlie  second  part  to  a  description  of  the  "Uni- 
tas." 

No.  1179.  Plows.— Parlin  &  Orendorft  Co., 
Canton.  111. 

This  is  a  very  handsome  little  catalog  of 
48  pages,  telling  the  history  of  the  company 
that  manufactures  the  "P.  &  O."  plows,  and 
describing  the  various  departments  of  the 
plow  factory  and  the  method  of  making 
plows. 

No  1180.  Road  Machinery.^The  Acme 
Road  Machinery  Co..    Frankfort.   N.   T. 

This  is  a  118-page  catalog,  illustrating 
and  describing  the  various  road  building 
and  maintenance  tools  and  implements  man- 
ufactured and  sold  by  this  company,  con- 
sisting of  stone  crushers,  elevators,  bins, 
screens,  road  scrapers,  gravel  excavators, 
dump  cars,  road  machines,  dump  wagons, 
dvnnp  carts,  stone  spreading  wagons,  plows, 
wheelbarrows,  rollers  traction  engines,  ele- 
\^ating  graders,  stationary  engines,  street 
cleaning  apparatus,  rock  drills,  hoisting  en- 
gines,   derricks  and   scrapers. 

No.  1181.  Dump  Wagons.— Glen  Wagon 
Co..   Seneca   Falls.   N.   Y. 

A  catalog  dcA^oted  to  the  various  kinds  of 
dump  wagons  manufactured  Ity  this  com- 
pany. This  company  makes  dump  wagons 
on  the  patents  of  '^'illiam  Atkins,  who  is 
claimed  to  be  the  pioneer  in  the  dump 
wagon  business.  They  make  drop  bottom 
dump  wagons  for  hauling  all  kinds  of  ma- 
terials, and  also  make  a  stone  spreading 
wagon. 

No.  1182.  Dump  Wagon. — The  Kramer 
Wagon   Co.,    Oil    City.    Pa. 

.\  pamphlet  illustrating  and  describing  the 
Oil  City  dump  wagon.  A  wagon  combining, 
according  to  the  manufactiu^ers^  claim, 
every  good  feature  of  the  best  dump  wagons. 
A  photograph  is  given  of  a  1^-cu.  yd.  Oil 
Citv  wagon,  loaded  with  5  cu.  vds.  of  sand, 
a  total  load  of  13.960  lbs.,  which  did  not  in- 
jure   the    wagon. 

No.  1183.  Box  Centers  for  Concrete  Cul- 
verts.— Blaw  Collapsible  Steel  Centering  Co., 
Pittsburg.  Pa. 

An  8-page  bulletin  showing  forms  of  col- 
lapsible steel  centering  for  box  culvert  work, 
with  a  brief  description  and  SfMne  comments 
on  the  advantages  of  steel  centers. 
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ENCilM:i:RlNti-C()M  RACTINQ  The  Claim  of  the  "Outlook"  That  the 

A  w«kiy  ■M.thoa.  «i>a  Co.!    juuni»i  Head  of  a  Board  of  Water  Supply 

(or   ovj   Engineer.  «.j   Cootr«:ioni.  Should  Not  Be  an  Engineer. 

^                     .    ,    ,...■..  ..  A  bill  has  hern  imnxluccd  into  the  New 

ENUINEEKINU    NV  ORLl.  ^.^^^  ^^^^^  ,^^,^,^,^^^  ,^.  Li„j„„  Ba.cs.  Jr.. 

I'uW.^hfd  every  \Vrdn«.i«y  by  provUliiiK  (or  .1  rforRaniiation  of  the  boards 

THE  MYBOM  C.  CUHK  PDBLISMINQ  CO.  .,„,,    eommissions    that    control    the    water 

Sii  Dc.rborn  Sirccl.  Chk.fo  .      ^j    j;^^^.    y^rk    City.     One     of     the 

_  Wisest  provisions  of  this  bill  reads  as  lol- 

.V»w  Yon!  Orri   e:     1^31  I'«rk  Row  >' 

Ttlrpboo*  Ml)  CDftlliidt  lows  : 

_  Til.-  mayor  of  tli>-  city  ..f  N-w   V.irk  "Imll 

H\LUERT  P   OILI.ETTE    .    .    Masa.-.isg  Euito«  uiii...mt   thr<-i.  p.TiwinB  wlin  iilinll  In-  ...iiinilB- 

D.\MEL  J    11.\UER.1  Kloni-m  fur  tl      -   '■••"     "• ■  •! 

^ij.c    c    Hill                                                .,  <'ni-   of   oil'' 

5   T    viiiJu^v            f     ■     •    Ajjocjati  KDrroM  nai.-<l  a»  i>r 

F.  A.  SMITH.               J  omHlrui'llon  work." 

MYRON  C    CLARK P««siDiirr  .....                 •  ,        1 

A.  l>  OlLIiERT    ....'.               ."-:«.-.«»  The    •'Chitlook      views    with    alarm    any 

==^^— -                              .  change  in  existing  bodies  engaged   in  ad- 

^X.M«,^           ^  Ai;/s                               ..   -  ,„inj^,^.ri„g  t|,c  problems  of  water  supply. 

••  unnecessarily  numerous  as  those  liodics  now 

oMw-iij.'  are,  to  say  the  least,  and  inefficient  as  some 

S3.00  J  ytar  (St  USMts)  to  Pomimioti  of  Canada.  ,,f    ,1,^^    j,.p_    ,„    jay    less    than    the    worst. 

S4.00  J.  i~r  j>t  o.-«J  u.  aU  oA.r  coun^..  .j.,^^  "Outlook"  says : 

ADVHRTISIS-G   f^*TF^s...^r.r^tr.Wm.  ,       ,,„.>. .11.)     fur.b.rmor..    In.roduceH    an 

C  i;'y  If    rr.  1  of  Kr.-iit  .laiiBiT  In  lln>  provision  that 

o.)t  lA'cr  !•■.  ,j  of  tin-   Hoard  must  bo  an  i-nKlntt-r. 

whicli  1;  i<  V     .                                                  ,       ,    .  ii-     -..undi'Mt    pilnilplf.s   of    govi-rniin-nt    ad- 

h.rsu.-     .p.n  ,::..i;:iwut5  .an  uL- i;;5c:, 1.1:1s  !...■■  „„„|sinui„n    an-   violated    by    ttio    provl.slonB. 

u  rurkljy  t:...:iu:-..;.       ^  \Vli.-n  a  miinklpnllty  or  a  slate  or  a  nation. 

— v'      '  I    'i      In    Its  sovernnient.    un- 

Sntcrt.1  mecond-cla.«  matter.  April  17.  I"J07.  at  the  ,|                                              k    of    constrnctlon.    Its 

Pmt  oihce  »i  Chicago.  lUinoi*.  under  act  oi  M»»vh  I    not    be    divided    with 

ad.  ItiTl). ;,„>     ,     , ■■ -"  ■'■■■'■    ■•<    'lie 

work    should    b.                                                          'h 

CONTENTS  ■"-'  •■":'■.'",">; , -                         ;'! 

—  he 

lit 
EDITOHI.KL:  h     iis^iiin.^^    >.,,.,,.     ; ~ i'ds 

-¥-t       /-I   ■          c  .u      ••(-«.. .i~,i,"   <I...t   il...  the    enclneers    to    whom    it    looks    for    expert 

The    Claim  of  the      Outlook      that   the  work     thai   moment   It  beslns  to  dlslnteerate 

Head  01  the  Bnard  of  Water  Supply  its  own  orsanlzatlon." 

Should  Not  Be  an  Kngineer SC-*  This  is  humorous  though  written  with  all 

The    Permanent   Organization   of   the  gravity.     The    -Outlook"  apparently  is  not 

.\merican    Society    of    FMi-jinrerinp  .iwarc   that   the   present    head   of   the    New 

Contractors                                             •^"''  York  City  board  of  water  supply.  John  .X. 

CoNCTETE  Seciio.v  IJcnscl.  M.  Am.  Soc.  C.  E.,  is  an  engineer 

.\  Concrete  Plant  for  Rapid  Building  No    sounds   of    the    board's    disintegration 

Construction  (illustrated) 30,i  have  yet  reached  our  ears  in  spii<   •■'   '1"^ 

Hints  for  Inspectors  of  Concrete  Work  ominous  fact. 

iilJtiMr.itcd)    •"*  The   "Outlook"  evidently   has   sonn    \ct> 

Comp.ir^i'ive  Tensile,  Comprcs>ive  and  hazy  ideas  almut  what  constitutes  the  work 

Cross    Breaking  Tests  of  Concrete  of  administrating  a   water   supply   project. 

( illustrated )     -W*  Possibly  it  has  in  mind  a  body  of  lawyers. 

Eabtii  *Nn  Rock  Section  :  or  of  doctors,  or  of  merchants,  or  a  mix- 

The   Cost    of   Diamond     Drilling    for  ture  of  all  three,  whose  function  is  ^o  select 

CmI  in  Pennsylvania   ^1"  a  number  of  engineers,  sign  ccrtam  docu- 

A  111                   f  Wagon  Work  and  a  mciits,  listen  to  reports,  and  otherwise  de- 

I,,                     a\n  port   themselves   in  a   highly  dignified  and 

A    Cla.n    .S.ull    Bucket    with    a    New  '     l'i<"'      But.  as  we  have  Pre- 
Closing  .vtion  :<;  '  '■'".  «'«•  fif'"'  ""•'  P"''--"!'* 

Roads  aN»  Streets  Skii.n:  the  most   iiiiporianl,   executive    function   of 

A  l-nl«r  Saving  Device  for  Handling  -"'■h    a     board    is    to   select    its    engineers 

Brick    to    Pavers    from    Stock    I'ile  NVh".  may  we  ask,  is  likelv  to  have  so  good 

Willi..  11   r.r     ■              "               '            "'  I  oowledge  of  the  personal  reputation  and 

Till-    Ih.'.r  ■'   "f  'I"  applicants  for  such  an  engi- 

Str..i"  Design   .ml   I.....a..u ::'  -i"'""  ••«*  ••'  "'.in  who  himself  i« 

An     .\.lj.i>v,tiV     F.r-n     U-.'rlrr     and  '^     When  Cass.-itt  was  president 

Qr,f,^    !                                               ,1k  ••!  i!'v  1'.                           ■    ■>>.  was  his  selec- 

^y„j.,j                                                                    .|,  .i,,.,  ,,f  (,:                                   1    less   likelv  to  be 

•Generals,  se  be  h...,sel,l...,l                   -ef 

General    I,:-,.                      .  .n,,-    1  ,.  And  was  (..iss.it  .                    to 

..                         I     i>    I  with   bis  chief  eiiKinet-r   by  virtue  oi 

gineers.     .M                      ral     Railway  '               (.us.        k              ^ 

,  il]                                                               ;j|-,  ,,,,  ..wn  engineering  knowledge? 

jli^                                                        ,  ,„.  The  argument  that  the  "Outlimk"  raises 

s'loM     1:                    ...suiui Work  'i'  '•'"  <""  '""^''  «"■"""'''  "  ":""• 

joiUy                     1 1                               .T>3  '   »*   w'li'd   l)c  a   protest    .igainst 
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.Mr.    Hates    '  '    •  "•■  "<   tl«e 

,,,)yrr    four   c".  ,11   also   be   a 

■Aun  he  shall  ser\e  as 
r  Of  the  remaining 
three  commissioners,  two  ar<  '  by 

the   board  of  estimate  and   ■>; ,  '■it. 

and  one  of  these  two  must  be  a  certified 
public  accountant.  The  fifth  commissioner 
is  to  be  appointed  by  the  governor. 

Tl  ■  dent  of  the  board 

is  to  I  of  the  "ther  four 

members  is  to  receive  $12,000. 


The    Permanent    Organization  of  the 
American  Society  oi  Engineer- 
ing Contractors. 

The  permanent  organization  of  the  .\mer- 
ican  Society  of  Engineering  Contractors 
was  eflFected  at  a  meeting  held  at  the 
I'nitcd  Engineering  Societies'  Building,  in 
New  York,  on  .-Xpril  H  and  l-i. 

M  1  p.  m.,  on  April  14,  the  meeting  was 
called  to  order  by  Mr.  H  P.  Gillette,  who 
has  been  acting  as  secretary  pro  tern.,  and 
has  obtained  more  than  1.400  applications 
for  membership.  Mr.  Gillette  was  made 
temporary  chairman  and  Mr.  Daniel  J. 
Hauer  temporary  secretary. 

The  chairman  appointed  a  committee  con- 
sisting of  Prof,  .\lexandcr  Ilariug.  of  the 
L'niversity  of  New  York,  and  Messrs. 
W.  D.  Lockwood  and  Daniel  J.  Hauer  to 
draft  a  constitution  for  the  society,  and  a 
second  committee  to  nominate  officers  and 
directors  for  the  first  year.  The  society 
then  .ndjoumcd  to  meet  at  1  p.  m..  on 
April  1.1. 

.^t  the  meeting  on  .April  15  the  constitu- 
tion was  adopted,  and  officers  to  serve  until 
January.  1910,  were  elected.  It  was  the 
sentiment  of  the  meeting  that  the  consti- 
tution l>c  submitted  to  the  membership  of 
the  society  for  suggestions  and  improve- 
ment as  soon  as  the  Board  of  Directors  can 
arrange  to  have  this  done. 

The  name  adopted  was  the  American 
Society  of  Engineering  Contractors.  The 
constitution  states  the  object  of  the  soci- 
etv  to  be: 


Kll" 
l|.-. 


Ih,.  1  fXWI  t»ctwern  rn«tnrt:r» 

an>t 

The   111. .Ill-    i..i 
stihs  sh.Tll  I"-  th. 
sion  of  : 
(lers.  tlu 

tion  of  maps,  drawings,  photographs,  mod- 
els and  liber  data  of  interest 

The  constitution  provides  for  two  classes 
of  nieml>ership :     Con>orate  members  tTT.:<:t 
l)C   either   engineers,   contractors   or  n    • 
facturcrs  of  • 
ment.  who  1 

experience     in     these     lines     01 
although   graduation    from   an   •: 
college   of   standing   is   considered   as    two 
years  of  experience :  an  associate  member 
can    be   any   person    who  is   interested   or 

if  repuhlisntion  reserved. 


3o6 


ENGINEERING-CONTRACTING 


Vol.  XXXI.     No.  i6. 


engaged  in  engineering  construction  ami 
lias  reached  the  age  of  18.  However,  if 
he  cannot  qualify  as  a  corporate  member 
within  seven  years,  his  name  is  dropped 
from  the  rolls.  Only  corporate  members 
have  the  right  to  vote  and  hold  ofifice. 

The  annual  dues  of  the  corporate  mem- 
bers are  to  be  $10,  and  of  associates  $•'). 
The  constitution  further  provides  that  all 
applicants  making  application  for  member- 
ship prior  to  July  1,  lOOt),  shall  be  consid- 
ered charter  members,  and  will  not  be 
called  upon  to  pay  the  entrance  fee  of  $5. 
During  July,  1909,  the  Board  of  Directors 
will  pass  on  all  applications,  grade  the 
members  and  refuse  admission  to  undesir- 
able applicants.  Meanwhile  application  for 
membership  can  be  made  to  the  acting  sec- 
retary, Mr.  Daniel  J.  Hauer,  Park  Row- 
Building,  New  York,  and  dues  can  be  sent 
to  him. 

The  following  ofificers  of  the  society  were 
elected :  For  president,  Mr.  George  W. 
Jackson,  the  well  known  contractor  of  Chi- 
cago ;  first  vice  president,  Mr.  Halbert  P. 
Gillette,  consulting  engineer,  of  New  York ; 
second  vice  president,  Mr.  Daniel  E.  Bax- 
ter, president  D.  E.  Baxter  &  Co.,  contrac- 
tors, New  York.  Three  members  of  the 
Board  of  Directors  to  serve  one  year :  E 
Wegmann,  consulting  engineer,  of  New 
York ;  De  Witt  V.  Moore,  vice  president  of 
the  Moore-Mansfield  Construction  Co.,  en- 
gineers and  contractors  of  Indianapolis, 
Ind.,  and  W.  D.  Lockwood,  manufacturer 
of  dump  buckets.  New  York.  Directors 
for  two  years :  George  Warren,  of  War- 
ren Bros.,  contractors,  Boston,  Mass.  ; 
E.  S.  Hanson,  editor  of  the  "Contractor," 
Chicago.  III.:  J.  R.  Wemlinger,  president 
of  the  Wemlinger  Steel  Pile  Co.,  New 
York.  Directors  for  three  years:  Major 
Cassius  E._  Gillette,  consulting  engineer, 
Philadelphia.  Pa. :  F.  C.  Hitchcock,  vice 
president  and  general  manager  McArthur 
Bros.  Co.,  contractors.  New  York,  and 
Howard  J.  Cole,  city  engineer,  Morris- 
town,  N.  J. 

Within  24  hours  of  the  formation  of  the 
society  a  large  number  of  applications  for 
membership  were  received,  two  iiaving 
been  sent  by  telegraph.  There  seems  to  be 
little  doubt  that  by  1010  the  membership 
will  be  nearly  2,000.  The  secretary  is  ask- 
ing members  to  remit  to  him  their  fees,  as 
the  Board  of  Directors  needs  money  to 
print  the  constitution  and  conduct  other 
business  of  the  society.  The  directors  will 
have  a  meeting  within  30  days. 


The  grand  total  of  excavation  in  the 
Isthmian  Canal  for  the  month  of  March 
was  :i.8S0,337  cu.  yds.  Of  the  grand  total 
2,352,!)03  cu.  yds.  were  removed  by  steam 
shovels  and  1,527,434  by  dredges.  .  There 
were  27  working  clays  during  the  month, 
and  the  mean  rainfall  for  the  month  in  the 
territory  in  which  the  excavation  was  in 
progress  was  1.1  ins.  The  av;rage  daily 
excavation  was  143,710  cu.  yds. 


Concrete  and  Reinforced  Concrete  Section 


Note: — This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  cover  the  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mi.xing,  transportation  and  placing;  fabrication  and  placing  of  reinforcement, 
and  form  construction  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


A  Concrete  Plant  for  Rapid  Building 
Construction. 

.\  decade  ago  cinly  small  buildings  were 
erected  of  concrete,  and  when  concrete 
was  used  in  large  buildings  it  was  either 
in  the  foundations  and  footings,  or  for  the 
lower  floors.  Today,  immense  structures 
are  being  erected  of  concrete,  and  we  see 
not  only  buildings  that  cover  large  areas 
of  ground,  but  also  some  that  are  10  or  12 
stories  in  height.  When  only  small  struc- 
tures were  built  the  handling  of  the  raw 
materials  and  of  the  concrete  was  a  small 


duccd  the  cost  of  construction  over  other 
methods,  we  give  space  to  a  description  of 
the  plant  and  of  the  method  of  doing  the 
work. 

The  building  was  erected  for  the  United 
States  Printing  Co.,  at  East  Norwood, 
Ohio,  by  the  Ferro-Concrete  Construction 
Co.,  of  Cincinnati,  Ohio.  The  architects 
were  Hannaford  &  Son,  of  Cincinnati,  but 
the  concrete  work  was  designed  by  the 
contractors. 

The  building  is  one  of  the  largest  fire- 
proof  factories   in   the   middle   west.     It   is 


Fig.    1 — Arrangement   of    Mixer,    Incline  Track   and   Concrete    Hoist   Operated    by 

One    Engine. 


consideration,  but  today  on  large  buildings 
the  handling  of  these  materials  becomes 
one  of  the  most  important  economic 
problems  that  the  contractor  has  to  solve. 
The  proper  layout  of  the  work  .iml  tlic 
installation  of  a  plant  that  will  do  rapid 
work  and  will  also  save  money  on  the  job 
cannot  be  decided  off-hand,  yet  we  see 
this  being  done  repeatedly.  Our  attention 
has  been  called  to  a  plant  layout  for  a 
concrete  building  that  was  rather  unusual, 
and,  as  it  was  well  conceived  and  not  only 
allowed    of    rapid    work,    but    greatly    re- 


lour  stories  high  and  has  2G0,000  sq.  ft.  of 
floor  space.  The  building  is  of  re-inforced 
concrete  throughout,  on  the  brick  curtain 
walls.  It  is  designed  for  a  300-lb.  live  load 
on  the  floors,  and  they  had  to  withstand  a 
test  load  of  fiOO  lbs.  to  the  square  foot. 
The  girders  in  the  building  span  20  ft.,  and 
the  beams,  which  are  spaced  about  7  ft. 
apart,  span  15  ft.  The  girders  of  the  boiler 
room  span  02  ft.  in  the  clear  and  are 
pitched  on  top  from  the  center  to  the 
ends  to  give  the  roof  its  proper  fall.  All 
the  roof  slabs  are  the  Ferro-Concrete  Con- 
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struction  Co.'s  double  air  space  liulluu  tilr 
construction,  civing  splnidid  insulation 
and   prrvrniuig   condcnsalion. 

Tile  speed  ot  erection  of  this  structure 
was  quite  reinarkaMe,  as  the  concrete 
work  was  started  the  l)e(;ii<niiig  nf  October, 
1908,  and  on  Dec.  3,  the  fourth  floor  wa< 
entirely  in  place  and  part  of  the  roof  coiii- 
pletcd  This  shows  how  concrete  adapts 
itself  to  quick  construction,  even  in  freez- 
ing weather,  when  pro|>erl>'  handled  and 
protected  from  the  weather.  On  this  job 
they  had  a  Jo  II  P.  boiler,  used  exclusively 
for  supplxiiiK  steam  to  warm  the  sand  and 
gravel  before  it  was  mixed ;  also  steam 
connections  for  warming  the  water  before 
it  was  used  in  the  concrete.  By  a  scries 
of  curtains,  which  rolled  upon  sticks,  each 
floor  could  lie  closed  in  to  prevent  the  cola 
wind  from  blowiiiK  through,  and  some  tiO 
salamanders  Imrning  coke  in  this  inclosure, 
with  •''  or  -J  ins.  of  straw  on  top  of  the 
concrete,  after  it  was  in  place,  prevented 
it  from  freezing  in  the  most  severe 
weather. 

Each  floor  was  water-proofed  as  laid, 
$0  that  as  soon  as  one  floor  was  finished 
not  only  could  the  brick  work  be  done. 
but  other  work  could  proceed  underneath, 
which  was  another  feature  that  added  to 
quick   construction. 

In  excavating- the  foundation  the  work 
was  done  with  picks  and  shovels,  and  the 
material  was  loaded  into  dump  cars,  oper- 
ated on  industrial  railway  tracks,  furnished 


For  all  work  from  the  first  tlo<jr  up,  a 
dilTerenl  plant  layout  was  used,  and  it  is 
among  the  lR->t  that  we  have  ever  seen  for 
such  a  piece  of  work.  .\  glance  at  Fig  3 
shows  the  general  features  of  the  layout 
and  the  method  of  handling  the  raw  ma- 
terials and  the  concrete 
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Fig.    2 — Arrangement    of    Car    Trucks    at 
Stock    Piles. 

The  stock  piles  of  sand  and  stone  were 
at  one  end  of  the  lot  about  300  ft.  away 
from  the  mixing  plant,  which  consisted  of 
a  large  size  Smith  Mixer.  .An  industrial 
track  was  laid  from  the  stock  piles  to 
the  mixer.  At  the  stock  piles,  two  turn- 
tables were  used  in  the  track  and  side 
tracks    were    run    to    the    stock    piles,    as 


track  as  to  allow  the  cars  10  coa^t  from 
the  stock  piles  to  the  incline  at  the  foot  of 
the  mixer,  shown  in  Figs.  1  and  3.  Here 
an  endless  chain  carried  the  cars  to  the 
top  of  the  incline  and  to  the  mixer.  The 
grade  on  the  track  from  the  stock  piles 
was  about  2^  per  cent.  By  this  arrange- 
ment after  a  man  started  the  car  it  would 
coast  to  the  incline  leading  up  to  the 
mixer.  The  grade  from  the  mixer  was 
about  8  per  cent,  which  allowed  the 
empties  to  coast  all  the  way  from  the 
mixer  to  the  stock  piles. 

This  arrangement  was  found  to  be  very 
economical,  and  illustrates  that  on  a  job 
of  some  size  money  can  well  be  spent  to 
instal  the  proper  plant.  Although  the 
labor  cost  of  such  installation  is  seeming- 
ly high,  yet,  when  it  is  distributed  over  the 
amount  of  work  to  be  done,  the  cost  per 
unit  is  small. 

The  materials  from  the  cars  were 
dumped  directly  into  the  mixer.  The  ce- 
ment was  stored  in  a  shed  adjoining  the 
charging  platform  (see  Fig.  1).  The  con- 
crete from  the  mixer  was  dumped  directly 
into  a  Wallace  hoist,  which  raised  it  to 
the  required  height,  where  is  was  dumped 
into  concrete  barrows  and  wheeled  to 
place 

\  single  hoisting  engine  operated  the 
chain  on  the  incline  to  the  mixer  and  the 
hoist,  and  furnished  steam  for  the  engine 
on  the  mixer  (See  Fig.  1).  The  hoist 
discharged   its   load   into  a  hopper-shaped 


Fig-    3.— Ge 

by  the  .Arthur  Koppel  Co.,  of  Pittsburg, 
Pa.  The  track,  which  comes  in  sections 
with  the  ties  fasteneit  to  the  rails,  allows 
the  track  to  be  readily  shifted 

The  concrete  in  the  foundations  was 
mixed  by  a  Smith  Concrete  Mixer  placed 
on  a  large  flat  car.  This  car  was  moved 
from  place  to  place,  and  any  concrete  that 
couki  not  be  dumped  directly  into  place 
was  (lumped  into  the  Koppel  cars  and 
thus  carried  to  the  forms,  and  then 
placed.  This  was  found  to  lie  ImiiIi  quick 
and  economical 


neral    Arrangement    of  Concrete    Mixing   a 

shown  by  Fig.  2,  from  which  the  cars 
were  loaded. 

The  cars  were  of  •10  cu  ft.  capacity, 
3it  in.  gauge,  and  stood  \  ft.  4  ins.  high 
above  the  rail.  Each  car  had  a  partition 
placed  in  it,  dividing  the  car  into  two 
compartments,  the  smaller  compartment 
for  the  sand,  the  larger  one  for  stone.  In 
this  manner  the  materials  were  measured 
for  each  batch. 

\  trench  was  cut  from  the  stock  piles 
to  the  mixer,  and  in  the  trench  the  track 
was  laid  so  as  to  get  such  a  grade  on  the 


nd    Handling   Plant. 

bin,  and  from  this  the  two  wheeled  bar- 
rows were  loaded 

.•\  duplicate  plant  was  installed  on  the 
other  side  of  the  building  (See  Fig.  3). 
and  served  in  the  same  manner.  With 
these  two  mixing  plants,  50  cu.  yds.  of 
concrete  were  mixed  and  placed  per  hour, 
without  trouble.  With  this  method  of 
delivering  the  concrete,  it  was  placed  in 
the  forms  in  from  one  to  two  minutes 
after  it  left  the  mixer. 

Mr  Roliert  .Anderson.  Vice  President  of 
the      Ferro-Concrcle      Construction      Co., 


3o8 


ENGINEERING-CONTRACTING 


\'o].  XXXI.     Xo.  i6. 


states  that  by  using  the  cars  for  hauling 
the  sand  and  stone,  the  300  ft.  from  the 
stock  piles  to  the  mixer,  the  labor  of  16 
men  was  saved,  and  that  by  using  the  cars 
for  charging  the  mixer  the  output  of  the 
mi.xer  was  increased  from  50  to  75  per 
cent  above  that  obtained  by  charging  with 
wheel-barrows. 


Hints  for  Inspectors  of  Concrete  Work. 

III. 

forms  for  Arch  Sections. — See  that 
suitable  forms  are  provided  to  hold  in 
place  sections  of  arch  ring  being  concret- 
ed. If  the  concreting  is  done  in  longi- 
tudinal sections  see  that  the  forms  are  set 
vertical  and  parallel  with  the  face  of  the 
arch.  If  the  concretinT  is  done  in 
transverse  sections  see  that  the  forms  are 
set  in  radial  planes  and  straight  across  the 
arch  at  right  angles  to  the  faces. 

Molds  for  Onwmciits.See  that  the 
molds  are  so  constructed  that  they  can 
be  removed  piece  by  piece  without  injur- 
ing the  casting.  See  that  their  strength 
and  rigidity  is  ample  to  withstand  tamp- 
ing and  other  strains   witlio.n  distortion. 

Time  of  Removing  Forms. — See  that 
forms  are  not  removed  until  the  concrete 
is  capable  under  the  conditions  of  stand- 
ing safely  without  support.  The  setting 
and  hardening  of  concrete  are  variable  fac- 
tors depending  on  the  cement,  the  tempera- 
ture, etc..  and  set  rules  cannot  be  made 
for  time  of  removing  forms.  Specifications 
often  state  the  minimum  time  after  con- 
creting for  removing  forms :  where  they 
do  not  state  this  time  the  inspector  should 
ascertain  the  ideas  of  the  engineer  and  in 
important  cases  had  better  obtain  specific 
orders  from  the  engineer.  The  forms  should 
not  be  removed  until  the  concrete  which 
they  support  has  been  examined  for  liard- 
ness ;  the  concrete  should  not  only  be  hard, 
but  should  ring  when  struck  with  a  ham- 
mer. Forms  should  remain  longer  under 
beams  and  arches  than  around  columns  or 
walls,  and  longer  under  beams  and  arches 
of  long  spans  than  of  short  spans.  Forms 
should  remain  in  place  longer  if  the  weath- 
er is  cool  and  damp  than  if  it  is  warm 
and  dry.  To  sum  up,  the  time  for  re- 
moving forms  is  that  time  when,  in  the 
best  judgment  of  the  engineer,  the  con- 
tractor and  the  inspector,  they  can  be  re- 
moved without  injury  or  danger  to  the 
concrete  which  they  support.  The  follow- 
ing are  the  times  for  removing  forms  prac- 
ticed by  one  competent  firm  of  contract- 
ors : 

Walls  in  mass  work,  1  to  3  days,  or 
when  the  concrete  will  bear  pressure  of 
the  thumb  without  indentation. 

Thin  walls,  in  summer.  "2  days:  in  cold 
weather,  5  days. 

Slabs  up  to  (j-ft.  span,  in  summer.  6 
days ;   in  cold  weather,   2  weeks. 

Beams  and  girders  and  long  span  slabs, 
in  summer,  10  days  or  2  weeks ;  in  cold 
weather,  3  weeks  to  1  month.  If  shores 
are  left   without  disturbing  them,  the  time 


of  removal  of  the  sheeting  in  summer  may 
be   reduced   to    1    week. 

Column  forms,  in  summer,  2  days ;  in 
cold  weather,  4  days,  provided  girders  are 
shored  to  prevent  appreciable  weight  reach- 
ing  columns. 

Conduits,  2  or  3  days,  provided  there  is 
not   a   heavy   fill   upon   them. 

.\rches,  or  small  size,  1  week ;  for  large 
arches  with  heavy  dead  load,  1  month. 

Method  of  Remoiing  Forms. — See  that 
the  method  of  removing  forms  is  one 
which  does  not  jar  or  chip  the  concrete 
or  bring  sudden  shocks  on  the  molded 
members.  See  that  prying  with  bars  and 
sledging  is  not  resorted  to;  if  the  forms 
are  properly  designed  and  constructed  nei- 
ther is  necessary.  See  that  the  forms 
when  being  taken  down  are  net  dropped 
onto  floors  and  banged  against  columns 
and  walls.  See  that  a  regular  procedure 
is  followed  in  removing  forms,  and  if 
possible  have  the  work  done  by  regular 
gangs  so  that  the  men  become  trained  in 
the  requirements  and  methods  of  the 
work. 

Removing  Column  Forms. — See  that  col- 
umn   forms,    if    removed    first,    are    so    re- 


TwnVl    ^fy?ff/-'  Cb/7/'r. 

Fig.    1 — Sketch    Showing     a      Method      of 
Providing   for    Swelling    of    Lagging. 

moved  as  not  to  disturb  the  beam  and 
slab  forms.  Column  forms  maj-  safely  be 
nmoved  considerably  before  beam  and  slab 
forms,  and  it  is  wise  to  do  so  both  to  give 
the  air  access  to  the  concrete  and  to  en- 
able the  columns  to  be  inspected  for  faults 
before  any  load  is  brought  onto  them,  but 
if  the  removal  of  column  forms  necessi- 
tates loosenin.g  or  shifting  the  beam  and 
slab  forms  they  should  not  be  disturbed 
imtil  it  is  time  safely  to  remove  the  beam 
and  slab  ijrms. 

Removing  Beam  Forms. — See  that  the 
bottom  of  the  beam  form  remains  in  place 
until  after  the  side  forms  have  been  re- 
moved. This  permits  the  sides  of  the  beam 
to  be  exposed  for  inspection  and  to  the 
curing  action  of  the  air  without  lessening 
the  support  of  the  beam  against  collapse. 

Striking  Centers. — See  that  arch  centers 
are  not  struck  or  removed  in  less  than  the 
specified  time  after  concreting  is  finished. 
If  the  specifications  do  not  stipulate  this 
time  get  instructions  from  the  engineer. 
.See  that  centers  are  removed  without  shock 
or  jar  to  the  arch  ring.     See  that  centers 


particularly  for  long  spans  are  lowered 
evenh-  and  very  gradually,  so  as  to  allow 
the  ring  to  settle  slowly  and  uniformly. 
For  very  long  spans  the  engineer  will 
usually  provide  special  directions  for  strik- 
ing centers. 

Swelling  of  Forms. — See  that  the  forms 
are  so  framed  that  swelling  will  not  frac- 
ture the  concrete  or  prevent  easy  removal. 
For  example  in  molding  walls  having  face 
panels  or  moldings,  long  continuous  studs- 
cut  to  the  profile  of  the  wall  face  will  by 
swelling  and  the  weight  of  the  concrete  be 
difficult  to  remove  without  fracturing  cor- 
ners and  edges  of  the  panels  or  moldings. 
The  swelling  of  lagging,  as  ordinarily- 
formed,  will  do  little  more  than  "take  up" 
the  joints;  too  well  seasoned  lumber  should 
not  be  used  for  lagging.  When  dangerous- 
swelling  of  lagging  may  be  anticipated,  a 
single  narrow  lagging  board  may  be  ar- 
ranged to  be  withdrawn  after  initial  set  in- 
to notches  left  in  the  studding  (Fig.  1), 
thus  leaving  an  open  space  to  take  up  the 
e-xpansion. 

Bracing  of  Forms. — See  that  all  forms 
are  securely  braced:  (1)  to  withstand  the 
loads  that  come  upcn  them;  (2)  to  pre- 
serve their  alinement.  Bracing  is  frequent- 
ly done  carelessly  and  must  be  watched  par- 
ticularly in  regard  to  its  sufficiency  to  pre- 
serve accurate  alinement.  See  that  the  braces 
are  firmly  fixed  at  the  foot  and  top  and 
that  they  are  stifif. 

Location  of  Slwres. — See  that  shores  are 
not  located  hap-hazard.  They  should  come 
at  mid-span,  one-third  span,  quarter-span, 
etc..  points.  See  that  shores  in  each  story 
are  located  over  the  shores  in  the  story  be- 
low. 

Length  of  Shores. — See  that  shores  are 
cut  to  proper  length  for  the  work.  If 
much  too  short  e.xcessive  blocking  up  is 
necessitated  and  the  support  is  liable  to  be 
unstable ;  if  too  long  they  have  to  be  hard 
driven  into  place  with  danger  to  the  form- 
work,  the  length  should'  be  just  such  that 
the  cap  and  footing  pieces  can  be  placed 
and  the  double  wed,ges  can  be  started  and 
tightened. 

Sqjiare  Ends  on  Shores. — See  that  the 
ends  of  shores  are  sawed  off  square  so  as  to 
have  uniform  bearing  on  wedges. 

IVedges. — See  that  uprights  supporting 
centers,  girder  boxes,  etc.,  are  set  on  double 
wedges. 

Footings  for  Shores. — See  that  ample 
footings  arc  used  under  posts  to  distribute 
the  load  over  soft  ground  or  green  con- 
crete. 

Caps  for  Shores. — See  that  posts  used  to 
support  floor  slabs  or  beams  after  the 
forms  have  been  removed  are  capped  with 
plank  or  scantling  to  distribute  the  pres- 
sure. 

Time  of  Ronoving  Shores. — See  that 
shores  for  floors,  girders,  or  arches  are  not 
removed  before  the  time  specified.  If  time 
is  not  specified  secure  instructions  from  the 
engineer.  In  ordinarily  good  weather  shores 
should  remain  in  place  two  weeks,  in  cold, 
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'lamp  weather  (our  wii-li>.     l-'or  txira  lonu 
ipain  ihc  lime  »lioiild  Ik-  luiiKcr.    The  prop- 
er lime  (or  removing  shores  is  a  matter  o( 
!    judKnient ;    omit    no    precaiitinns    to 

.-  sa(ety 
M,thoJ  ni  Hi-iuoiini'  Shores  —See  that 
-Iwrcs  arc  rt-movnl  wilhiiiit  sliuck  or  jar 
'■>•  pulliiiK  'hf  ■lir.ilili-  wetlKes  at  the  iMittoill. 
Sec  that  the  -hnrcs  are  not  removed  one  at 
.1  time  and  tlicn  replaced ;  this  is  somitimes 
•  lone  to  |>ermil  removal  o(  Itottom  l»oards 
"(  iH-am  molds,  etc.,  hc(ore  final  removal  o( 

■..  See  that  the  shore  is  lowered 
;.  and  not  allowed  to  drop  hcavilv  onto 
liic  llcH>r  Ivclow.  When  shores  arc  linally 
removed  ^rc  that  they  are  taken  out  (or  a 
Wain  or  a  panel  at  a  time ;  do  not  permit 
-ill  the  shores  under  a  floor  to  he  knocked 
.lown  rapidly  in  succession. 

AlMMtwyj.— Sec  that  runways  arc  not  laid 
directly  on  the  steel  but  arc  suportcd  above 
the  .steel  bv  horses  or  trestles. 


Comparative  Tensile,  Compressive  an 
Cross  Breaking  Tests  of  Concrete. 

Ic>I>  ui  C"iKr<u  i>y  iiii-i.iii  ..ii  quite 
rare  and  any  addition  to  the  number  is  al- 
ways of  interest.  Recently  some  4<i  tests 
were  made  for  the  Nebraska  Geological 
Survey  at  the  testing  laboratory  of  the 
University  of  Nebraska,  and  the  resuhs 
have  been  published  by  the  Survey.  Of 
the  i<>  tests,  24  were  tension  tests  and  the 
other  hi  were  divided  cqfally  between 
compression  and  cross-breaking  tests.  The 
same  mi.xtures  and  materials  were  used  in 
all  tests  so  that  the  results  are  comi:arative 
in  some  measure  at  least. 

Three  mi.Nturcs,  a  1-2-1,  a  l-.3-"i  and  a 
l-3-t>  were  tested,  a  broken  stone  and  a 
gravel  mixture  of  each  proportion.  For 
tension  tests  a  briquette.  Kig.  1,  3  ins. 
square  in  section  was  used.  Compression 
tests  were  made  on  the  ends  of  the  broken 
briquettes ;  as  used  Ihc  compression  speci- 
men had  an  area  of  'il.fi  sq.  ins.  and  a 
height  of  3  ins.  The  specimens  were 
broken  between  steel  bearing  plates  with- 
out embedding  or  cushioning.  The  cross- 
breaking  tests  were  made  on  -IxtJxi^-iii 
bar*  supported  on  rounded  steel  bcarinx> 
'■iif  ins.  apart.  The  load  was  applied  at  the 
center.  In  the  tables  the  breaking  streiigti: 
per  Mjiiare  inch  is  calculated  by  the  t<  r 
mula. 
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put  of  the  mines  of  Japan  for  the  u 
l>*!i7-l!tiK;:  Copper.  $-.'37.l7l.4«»2;  sulphur. 
$|.V3,4.34.2ft8;  m.ingancsc.  $!»fl"7<i.'io4 :  <ilvcr. 
$8:?,40-2.9.V< ;  iron.  $J4.iW".ih;j  ;  c>ii\.  S4-I,5ini.. 
0.'>9;  lead.  $l.i.2ii7.l?'i;:  petroleum.  $4,143,- 
;W0:  gold,  $:j.O(;<i.(;72. 


Sketch   of  Grips  for   Testing  Concrete   in 
Tension. 

Ihe  mineral  resources  of  Japan  arc  l>e- 
ing  developed  along  modern  lines,  although 
the  use  of  machinery  in  the  mines  has  not 
yet  become  extensive,  manual  lidnir  Ix-ing 
so  cheap  that  the  cost  of  labor  saving  ma- 
chinery has  deterred  its  use.  The  follow- 
ing i<  n  'ifnrrTnciit  of  the  v:ilm-  of  th.-  «n( 


The  Concrete  Institute  of  Great  Rritain, 
which  was  founded  last  year,  has  now  at- 
tained a  nieinhership  exceeding  li'Hl.  of 
whom  the  larger  number  are  members  of 
the  Institution  of  Civil  Engineers.  Royal 
Engineer  Officers,  .-\rchitects  and  Survey- 
ors holding  public  appointments  or  prac- 
ticing in  their  private  capacity.  The  num- 
ber of  general  meetings  already  held  is 
lour,  and  the  next  meeting  will  lake  pl.ice 
on  May  27.  The  Instituie  is  Liking  up  a 
strong  position  in  the  matter  oi  the  pro- 
posed amendments  to  the  Lonilon  Building 
.\cts  and  has  nclitioned  Parliament  on  ihe 
subject.  The  tirst  volume  of  transactions 
has  already  been  issued  and  the  second  vol- 
ume will  be  issued  this  month.  Cirailar 
letters  with  a  view  to  collating  information 
arc  being  prepared  on  matters  affecting  the 
Kusiing  of  Steel.  Expansion  and  Contrric- 
lioii,  .Mgebraical  Notation,  the  Specilica- 
lion  of  Dampness  in  Concrete  Mixtures, 
etc.  It  was  originally  intemlcd  lu  raise  the 
annual  subscription  to  two  gtiineas  per  an- 
num for  new  mcml)er$  at  an  early  stage, 
hut  it  has  now  l>een  decided  that  the  annual 
subscription  of  one  guinea  shall  stand  for 
new  menilu-rs  who  join  this  Institute  lK(ore 
(Ictober  rexl. 
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Earth  and  Rock  Section 


Note:  This  Section  is  devoted  to  methods  and  costs  of  excavating  earth  and 
rock  and  building  embankments.  It  will  cover  the  grading  of  roads  and  ra^l- 
roads!  diking  and  canal  work,  dredging,  building  reservoirs  and  earth  dams, 
sewer  and  water  pipe  trenching,  quarrying,  etc. 


The  Cost  of  Diamond  Drilling  for  Coal 
in  Pennsylvania.* 

BY    E.    E.    WHITE.t 

The  following  notes  on  progress  and 
cost  of  drilling  in  the  coal  measures  of 
Greene  county,  Pa.,  were  taken  from  April 
20,  to  July  13,  1908.  I  was  on  the  ground 
practically  all  of  the  time,  representing  the 
company 'who  had  optioned  the  coal,  and 
so  had  a  chance  to  obtain  correct  figures 
on  the  progress  of  drilling.  The  costs  are 
not  as  accurate,  but  are  essentially  cor- 
rect. 

The  cost  of  superintendence  and  carbons 
is  estimated.  The  superintendent,  C.  C. 
Hoover,  of  the  Birdsboro  Steel  Foundry  & 
Machine  Co.,  which  concern  took  the  con- 
tract for  drilling,  was  on  the  ground  only 
one  day.  As  he  was  looking  after  about 
half  a  dozen  other  drills,  the  estimated 
cost  for  superintendence  is  liberal  Tlie 
cost  for  carbons  would  have  been  much 
less  but  for  the  fact  that  IVi  carats  were 
broken  at  a  depth  of  21  ft.  in  the  first  hole, 
probably  by  a  piece  of  steel  in  the  hole. 
This  bore  was  abandoned  and  another  start- 
ed 2  ft.  away. 

The  drill  only  worked  a  day  shift,  and 
was  run  by  two  men,  the  drillman,  H.  N. 
Wighaman,  and  a  fireman.  Bits  were  set 
in  the  company's  shop,  not  in  the  field. 
The  hours  in  the  progress  table  refer  to 
the  drill,  that  is,  to  two  men,  except  in  the 
case  of  hours  setting  bits. 

The  drill  had  a  hydraulic  feed  and  a 
double-core  barrel,  taking  a  SVa-in.  core. 
The  outfit,  with  on4  good  diamond  bit,  is 
furnished  by  the  Birdsboro  Steel  Foundry 
&  Machine  Co..  of  Birdsboro,  Pa.,  for  about 
$.3,500. 

BOILER     AND     PUMP     TROUBLE. 

Considerable  trouble  was  experienced 
with  the  boiler  on  the  first  two  holes, 
which  was  accountable  for  a  large  part  of 
the  hours'  delay  on  these  holes,  shown  by 
the  progress  table.  The  boiler  was  of  the 
upright  type,  set  behind  the  machine  on 
the  heavy  wagon  frame.  There  were  no 
stay  bolts,  and  the  flues  frequently  had  to 
be  rolled  every  three  or  four  days  after 
the  first  week,  and  finally  were  rolled  every 
day  for  three  days  in  succession.  After 
stay  bolts  were  put  in,  the  flues  were  not 
rolled  again  on  the  job.  Except  for  the 
boiler  and  a  troublesome  donkey  pump 
which  supplied  the  water  tank,  the  outfit 
was  excellent.  The  delay  on  the  last  hole, 
was  mostly  waiting  for  water,  which  had 

•Reprinted     from     tlip     "Engineering     and 
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to  be  pumped  a  little  over  a  quarter  of  a 

mile. 

The  expense  of  pumping  on  the  last  hole 
is  not  included,  as  it  was  borne  by  the 
owners  of  the  coal.  The  contract  read 
that  water  should  be  furnished  within  100 
ft.  of  each  hole.  The  cost  of  moving  on 
and  off  the  ground  is  not  included,  as  it 
would  be  variable,  according  to  the  dis- 
tance and  means  of  transportation.  The 
distance  moved  between  holes  averaged 
about  a  mile  by  road.  It  was  open  coun- 
try with  good  roads,  so  that  moving  was 
not  expensive.    ■ 

The  core  obtained  was  practically  com- 
plete, both  of  rock  and  coal.  The  sur- 
face was  from  6  to  19  ft.  deep,  averaging 
9  ft.  to  9  ins.  It  was  clay,  with  no  boulders, 
and  was  drilled  out  with  a  mud  bit. 

The  table  showing  rates  of  drilling  in 
ditTerent  kinds  of  rock  is  the  average  of 
many  observations  on  the  five  holes.  The 
rate' is,  of  course,  dependent  largely  upon 
the  drillman  and  how  much  pressure  he 
cares  to  put  upon  the  bit. 

Both  cost  and  progress  tables  are  from 
the  time  the  drill  reached  the  ground  until 
ready  to  leave : 

BITS  USED. 

Distance 
Drilled. 

Mud-bit    48  ft.  7  in. 

Diamond     bit     No.     1 

(carbons  broken  by 

steel?)    

Diamond     bit     No.     2  . 

(liole  No.    1) 369ft.  Sin. 

Diamond     bit     No.     3 

(hole    No.    2) 339  ft.  0  m. 

Diamond     bit     No.     4  ^      .  . 

(lioles  Nos.  3.   4)...     500ft.  1  in. 
Diamond     bit     No.     o  . 

(liole    No.    5) o62ft.  Sin. 


Setting  bits               10.00 

Carbons   (414 'carats  at  $90)..  382.50 

Fuel  (l.OoO  tan.  coal) 67. 1( 

Oil    and   waste Jioc 

Repairs    |4.S5 

Moving     do.uu 

Superintendence    200.00 

Total  working   cost $1,236.53 

Depreciation  of  outfit  (20  per 

cent  on  $2,000  for  3  mos.*).  100.00 

Total  costs  exclusive  of 
freight  and  hauling  on 
drill  and  wages  and  ex- 
penses of  drillmen  to  and 
from   Greene  county $1,336.53 


Estimated 
Carbon 
Wear. 


1,820  ft.  0  in 
R.\TE  OF  BORING 


Kind  of  Rock. 


Shale    

Fireclay  . . 
Limestone 
Sandstone 
Coal    


214  carats 
%  carat 
%  carat 
%  carat 
%  carat 

414  carats 

Ft.  per  Hour 

Actual 

Cutting. 

7.05 

7.10 

7.20 

9.35 

15.15 


COST    TABLE. 


Drillman  .  . 
Fireman  . . 
Blank  bits 


Cost. 

$307.70 

192.31 

5.00 


Cost 
per  ft. 

JO.ICS 
0.106 
0.003 


0.005 
0.210 
0.037 
0.006 
0.014 
0.020 
0.110 

$0,680 

0.055 


$0,735 
worth 


* 


•The    outfit    exclusive   of    the   bit    is 
about    $2,000. 

Mr.    Hoover,    of    the      Birdsboro      Steel 

Foundry   &   Machine   Co.,   makes   the   total 

cost  $1.13  per  foot,  but  I  think  that  figure 

must  be  rather  high.     Four  holes  put  down 

by   the    same   company   in    Raleigh    county. 

West  "Virginia,  are  said  to  have  cost  $2.90 

per   foot. 


A  High  Cost  for  Wagon  'Work  and  a 
Lesson. 

A  contractor  in  doing  grading  work  often 
makes  a  mistake  as  to  the  method  of  doing 
the  work,  and  unless  he  is  accustomed  to 
keeping  detail  costs  of  his  daily  work,  such 
a  mistake  may  never  become  evident,  espe- 
cially if  the  time  of  doing  that  particular 
job  is  of  short  duration,  or  is  an  insignifi- 
cant part  of  the  entire  contract.  Thus  the 
same  mistake,  although  meaning  but  a  small 
money  loss  at  the  time,  may  be  repeated 
and  become  a  serious  matter. 

The  following  cost  of  a  piece  of  grading 
done  with  dump  wagons  illustrates  this 
point.  The  work  consisted  of  excavating 
earth  from  a  borrow  pit,  to  be  used  in  mak- 
ing an  embankment  on  a  railroad.  The 
material  was  sandy  with  but  a  little  clay  in 
it,  yet  stiff  enough  to  be  loaded  by  an 
elevating  grader,  but  easily  loosened  by 
plowing,  so  that  a  deep  furrow  loosened  a 
large  mass  for  shoveling.  .\  National  ele- 
vating grader  was  used  to  load  National 
dump  wagons,  the  average  lead  on  the  ma- 
terial being  about  2,300  ft.,  thus  making  an 
average  haul  of  2.600  ft.  when  using 
a  grader,  or  a  haul  of  2,300  ft.  when 
loading  by  hand,  the  difference  being 
that  the  wagon  must  follow  the  grader 
to  be  loaded  and  must  go  to  one  end  or 
the  other  of  the  pit  to  enter  and  leave  it. 

When  the  embankment  was  about  half 
made,  the  contractor  was  compelled  to 
move  the  grader  to  another  section  of  the 
road,   in   order   to   hasten   the   construction 


PROGRESS   TABLE. 

Hole       Hole      Hole 
No.  1     No.  2     No.  3 


Feet  drilled    

Hours  actual  cutting   •  •  ■  •  •  ■  ■  • 

Hours  pulling  core,  lowering  rods,  etc. 


.37 


54.44 
38.81 


358.0 

279.4 

40.00 

.15.07 

31.00 

23.43 

Hole 
No.  4 

236.4 
27.45 
18.30 


Hole  Totals  and 
No.  5    Averages. 


568.7 
75.90 
60.85 


93.25 
66.50 


Hours  drilling ; 

Hour.s  delay,  steaming.  '■e.Pa""^- ••:;,- ••■ ,0  00 

rs  tearing  down,   moving,  setting  up -"■"" 


.179.75 
.      8 


Hoiu's 

Total  hours 

Hours  setting  bits 

Feet  per  10  hr.  shift  after  setting  up» 23.60 

Feet  per  drilling  hour*....... \° 

Feet  per  hour  actual  cutting* ">•"' 

ti^cludes  20  hours  putting  stay  bolts  in  boiler. 
•Excludes  hours  setting  bits. 


71.00 
62.25 
30.00 

163.25 

4 

31.58t 
5.05 
8.95 


58.50 
11.75 
25.00 

45.75 
18.75 
20.00 

136.75 
63.00 
46.75 

95.25 

4 

39. S3 
4.75 
7.95 


84.50 

0 

40.83 
5.15 
8.62 


246.50 

4 

28.50 
4.15 
7.50 


1,820.0 
232.86 
172.39 

405.25 
'>22.25 
141.75 

~  769.25 

20 

29.97t 
4.49 
7.82 
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tiicrc.  and  111  an  ciiilravor  i.i  riHUiniir  the 
wurk  ill  the  J><>rrow  pit,  hr  put  a  force  of 
men  at  work  there,  loadiiiK  M>nie  lUiinp 
waKoiiN  l>>  hand  This  was  done  in  the 
early  part  <il  the  winter. 

.\  plow  was  used  tn  U>osen  the  ground, 
bnt  more  than  half  the  time  it  was  em- 
ployed in  plow'inK  for  a  nung  of  wheel 
scrapers  in  a  nearby  cut.  Only  the  actual 
time  of  plowing  is  charKrd  against  the 
waKo"  work  AlMiut  Il2  men  did  the  shov- 
eling, and  as  the  material  was  dumped  in 
layers  on  the  emkinkinent  two  men  were 
used  to  spread  the  earth.  Seven  wagons 
were  used  in  the  run. 

The  following  wages  were  paid  for  a  10- 

V      -    'riy 

.$3.00 

1 ;.-,  .  1.50 

W'uKon.    tt-uni  Hiitl   ilrlvi-r 5.00 

Kour-hnrBf  plow   tram 9.00 

The  work  was  ct>ntinue(l  lor  I"  days,  the 
K-iiig  excavating  in  that  lime   l.'JIKJ  cu.  yds 

The  daily  cost  records  from  the  start 
showed  a  high  cost,  and  although  every  ef- 
fort was  made  to  reduce  these  costs,  and 
they  were  reduced  somewhat  from  day  to 
day.  yet  at  the  end  of  the  17  days  thoy 
were  still  so  excessive  that  it  was  decided 
to  withdraw  the  gang  and  wait  until  the 
grader  could  be  put  back  into  the  borrow 
pit. 

The  cost  of  doing  the  work  was  as  fol- 
lows : 

FVirfinan.  17  days $.'>!. 00 

IjilKirtTB.    Zn\    duvs 301., SO 

Watconii.    U'.-.  days...  625.00 

Plow.    T   day.i ....  63.00 

Dump  men.  3i;  days..  ....  34.00 


Total     $1,094.50 

This    gave    an    average    cost    per    cubic 
ynrri  nf  the  following: 


'HK    

.iifc  on  dump. 


Total    $0,846 

It  is  evident  that  tlii>  1-  .1  IhkIi  cost.  .\n 
analysis  shows  that  each  man  shoveled  C.4 
cti.  yds.  Working  against  a  breast  and 
casting  into  dump  carts,  a  man  should  have 
loaded  from  12  to  13  cu.  yds.  of  this  ma- 
terial in  10  hrs.  Kach  man  on  the  dump 
spread  3C  cu.  yds.  of  earth  in  10  hrs. 

Each  team  traveled  on  an  average  of  10 
miles  per  day  and  hauled  about  II  cu.  yds. 
.About  I  cu.  yd.  was  hauled  to  the  load, 
place  measurement,  although  the  wagons 
were  of  1%  cu.  yd.  capacity.  These  figures 
show  that  the  great  trouble  was  in  the  gait 
set,  lioth  by  a  few  men  in.  lo,-i<ling  and  by 
the  teams  in  making  a  fairly  long  haul. 
The  loading  was  slow,  so  the  teams,  not 
t><-ing  pushed,  traveled  at  a  slow  pace. 

.\s  soon  as  the  grader  was  put  to  work. 
the  wagons  were  loadeil  quickly;  they  went 
off  to  the  dump  at  a  faster  pace,  and  a  toot 
from  the  traction  engine  pulling  the  grader 
caused  them  to  come  back  from  the  pit  at  a 
trot.  A  large  number  of  wagons  were  used 
with  the  grader,  and  there  was  liound  to  be 
much  greater  interest  and  enthusiasm  in 
the  work  and  the  rate  at  which  it  was  done. 

This  is  evidenced  by  the  cost  of  cxca- 


\aling    a    yard    of    the    material    with    the 

grader,  which  was  as   follows: 

I'ori-iiiun  I"  ■•' 

l.»udinB  '      > 

llaullriK 

Hprrudinii  uii  dui.ip. 

Total    «      - 

This  shows  a  saving  of  over  !>:i  cts.  per 
cu.  yd.,  and  yet  the  grader  excavated  only 
'MO  cu.  yds.  per  day,  as  it  frequently  had 
to  wait  on  the  wagons  to  return  from  the 
dump. 

A  Clam    Shell    Bucket    with    a    New 
Closing  Action. 

.\  notable  feature  oi  the  clam  shell  bucket 
shown  by  the  accompanying  illustration  is 
the  special  arrangement  of  closing  me- 
chanism by  which  the  digging  and  closing 
force  is  progressively  increased  as  the  jaws 
come  together.  This  feature  makes  the 
bucket  a  type  of  its  own.  .\s  will  be  seen 
from  the  illustration,  the  bucket  is  simple 
in  construction,  iK-iiig  made  almost  entirely 
of  flat  steel  bars  and  plates.  The  only  cast- 
ings arc  the  U-ll  cranks  and  the  sheaves, 
and  these  are  steel  castings.  The  sheaves 
are  bronze  bushed.  The  bell  cranks  give  a 
very  wide  jaw  opening. 

The  main  links  which  connect  the  inner 
edges  of  the  scoops  to  the  cross  head  are 
made  of  plate  steel  with  separators  between 
thcni,   thus   making  a    very  strong   section 


Clam    Shell    Bucket    with     New     Closing 
Action. 

against  iK'iiiliiig,  and  in  addition  to  this 
there  is  lateral  bracing  connecting  the  arms 
with  those  on  the  opposite  side  of  the 
scoop  so  that  the  scoops  can  nut  get  out  of 
alinement. 

.\nolher  feature  of  great  importance  is 
that  the  sheaves  and  all  the  working  parts 
are  always  well  out  of  reach  of  the  ma- 
terial, thus  eliminating  all  undue  cause  for 
wear  and  tear  on  ropes  and  mechanism. 

The  bucket  Ls  opened  bv  a  positive  open- 
ing devi. .  led 
from  the  iiall 
bell  cranks  at  the  top  ot  the  upper  iramc. 
to  which  the  holding  cable  is  attached  by 
links,  the  variation  in  height  when  bucket 
is  open  or  closed  being  but  a  few  inches  in- 
stead of  a  few  feet,  as  is  generally  the  case 


with  buckets  having  a  positive  opening  de- 
vice. The  arrangement  of  the  sheaves  is 
such  that  they  can  be  rcinovecl  witlmiii  dis- 
turbing any  other  part  .ind  ilu-  caMe  can 
lie    reeled   in   in    the    >h  ible   time 

The    bucket     is     ma:  by     The 

I'eerless  Knginecnng  (.O.  JSl  Rockefeller 
Building,  Cleveland,  O. 


.According  to  estimates  of  the  Division 
I-'ngineers  of  the  Isthmian  Canal  !>,'27.''"i" 
lbs.  of  dynamite  will  l»e  required  for  c.iiial 
work  in  the  fiscal  year  191u.  The  estimate- 
have  been  embodied  in  a  requisition  and 
bids  will  be  requested  in  a  few  days.  The 
requisition  is  divided  among  divisions  and 
into  classes  as  follows : 
l^yiiamilf,    Saltfftre,    60    per    cent    Sitro- 

gl\^c^rine: 

Pounds.  Pounds. 

.Atlantic  Division   OS-2,000 

Central  Divisitm    l.fKMI.fKtO 

Pacific  Division  tiOO.OOO 

3,382.000 

Dynamite.    Saltpetre.    45    per    cent    .\itro- 

glycerine : 

.Atlantic  Division   22.5,000 

Central  Division   .5.400,000 

Pacific   Division   200.000 

.5.(*2-5,''"''^ 

The  size  of  the  cartridge  for  the  above  is 
to  be  1^  ins.  diameter  by  ^  ins.  long. 
Dynamite.    Salttrlrr.    ji    t<er    cent    S'itro- 

glyeerine: 

Pacific  Division  5.000 

Dynamite.    Saltpetre,    60   per    cent    Nitro- 
glycerine: 
Pacific  Division  .  60.000 

The  size  of  the  cartridges   for   the 

above  is  to  be  2  ins.  in  diameter 

by  16  ins.  long.  

Total  9.272.0OO 

The  conditions  on  which  the  contract  is 
to  l>e  awarded  are: 

The  Commission  reserves  the  right  to  in- 
crease or  reduce  the  amount  of  dynamite 
to  be  furnished  by  2<'>  per  cent  at  any  time 
before  shipment  is  made.  The  delivery  of 
the  \->  ner  cent  and  CO  per  cent  dyn.-imite  in 
cartridges  1%  ins.  by  8  ins.  is  to  be  made 
in  monthly  shipments  extending  over  a 
period  of  one  year.  The  delivery  of  the  •lO 
per  cent  dynamite  and  of  the  60  per  cent 
dynamite  in  cartridges  2  ins.  by  16  ins  is 
to  be  made  in  one  or  more  shipments  as 
early  as  possible  after  .August  1,  1909.  .Ml 
the  explosives  are  to  t>e  packed  in  moisture 
proof  cases  of  10-lb.  cartons;  in  .5o-n> 
wooden  boxes;  cartridges  to  be  wrappe<l  in 
a  distinctive  color  of  paper  and  stampe<l 
"I.  C.  C."  in  common  red  letters.  Bids  will 
be  received  for  Trojan  powder  and  Nitro 
powder  equivalent  in  disruptive  effect  to 
th.- 
inlM 

sives    111  ii<-c    the    prrloriuiuicc    ol 

their    e\:  nid    that    the    safety    and 

keeping  prop<Tties  of  the  same  will  be 
equal  to  those  of  the  equivalent  grades  of 
dynamite,  and  that  they  will  prove  in  all 
other  respects  equally  efficient  and  satisfac- 
torj-   for  use  on  the   Isthmus. 
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Roads  and  Streets  Section 


Note :  This  Section  is  devoted  to  methods  and  costs  of  road  and  street  con- 
struction. It  will  cover  road  building  in  all  its  details,  the  construction  of 
pavements,  side\>alks  and  gutters,  the  testing  and  use  of  paving  materials  and 
the  machinery  and  tools  used  in  road  building  and  paving. 


A  Labor  Saving  Device  for  Handling 

Brick  to  Pavers  from  Stock  Piles 

Without  Breakage. 

The  accompanying  illnstrntion  shows  a 
simple  device  for  handling  paving  brick 
from  stock  piles  at  the  sides  of  the  street 
to  pavers,  which  has  been  snccessfully  used 
by  Carlson  &  Theselins.  brick  paving  con- 
tractors, Chicago,  111.,  in  paving  work  in 
Chicago  and  other  western  cities.  The 
usual  method  of  handling  brick  is  by  wheel- 
barrows. The  barrows  are  loaded  at  the 
stock  piles  by  wheelers,  wheeled  onto  the 
street  and  dumped.  There  the  dumped 
brick  are  arranged  ready  to  the  hand  of 
the  pavers  by  pilers.  For  say  three  pavers 
laying  1,500  sq.  yds.  per  day  there  will  be 
required  eight  wheelers  and  four  pilers  to 
handle  the  brick.  In  addition  the  loading 
and  dumping  of  the  brick  results  in  a  great 
deal  of  breakage.  With  the  device  illus- 
trated it  has  been  found  easily  possible  to 


over  the  shoulders  and  prevent  dirt  and 
chips  from  lodging  between  the  ends  of 
the  spools  and  the  adjoining  side  boards. 
Below  the  journals  the  side  boards  are 
thinned  down  so  as  to  permit  such  debris 
to  fall  out  easily.  The  whole  construction 
is  very  simple  and  forms,  as  has  been 
stated,  a  train  of  rolls  which,  when  set 
at  an  incline,  will  allow  a  brick,  when  set 
edgewise  on  the  spools,  to  move  from  top 
to  bottom  by  gravity. 

The  conveyors  described  above  are  usual- 
ly made  in  16-ft.  lengths.  They  may.  of 
course,  be  made  longer,  but  a  16-ft.  length 
is  easily  carried  by  one  man,  and  when 
much  longer  conveyors  are  needed  two  or 
more  16-ft.  sections  can  be  coupled  end  to 
end.  When  used  on  the  street  the  ends 
of  the  conveyors  near  the  sides  of  the  street 
are  supported  on  standards  extending  up 
from  small  trucks  or  carriages  which  travel 
along  the  gutter.  This  method  of  support 
can  be  seen  in  the  illustration.     Two  con- 


set  them  edge  up  and  endwise  on  the 
spools.  The  movement  of  the  brick  is  then 
by  gravity  down  the  conveyor.  In  putting 
the  brick  on  the  conveyor  the  loaders  take 
care  to  place  the  best  or  smooth  edge  up, 
so  that  when  the  pavers  take  them  off  they 
do  not  have  to  turn  them  to  find  the  best 
edge  to  come  on  top.  The  pavers  grasp  a 
brick  in  each  hand  and  place  both  at  once. 
The  loaders  take  care,  in  placing  the  brick 
on  the  conveyors,  to  keep  the  supply  just 
ahead  of  the  laying.  If  the  conveyor  is 
kept  tight  packed  with  brick  all  the  time, 
they  bind  and  the  paver  has  to  e.xert  more 
force  in  lifting  them,  which  reduces  his 
speed. 

.\s  stated  above,  with  three  conveyors  a 
gang  of  seven  men,  four  loaders  and  three 
pavers,  will  lay  1,500  sq.  yds.  of  paving  a 
day.  This  record  has  been  frequently  made 
by  the  contractors  named  above.  These 
contractors  have  patented  the  device  and 
are  putting  it  on  the  market.  They  will 
furnish  these  conveyors  made  up  in  16-ft. 
lengths  or  longer  at  $2  per  lineal  foot. 


The    Theory  of  Economic    Road  and 
Street    Design  and  Location. 

(II.) 
Estiiiiatitig    Probable    Traffic. — We    have 
seen    the    fundamental    importance   of   esti- 


Handling   Brick  from   Stock   Pile  to  Street    by   Conveyors   in    Brick    Paving  Work. 


supply  bricks  to  three  pavers  laying  1.500 
sq.  yds.  per  day  with  only  four  men.  a 
saving  of  eight  men  over  wheelbarrow 
work. 

The  general  arrangement  of  the  device 
on  the  work  is  shown  by  the  illustration. 
The  device  is  merely  a  set  of  conveying 
rolls.  Two  boards  5  ins.  wide  are  set 
parallel  and  carry  between  them  a  train  of 
wood  spools.  The  axles  of  the  spools  ex- 
tend through  bushed  holes  in  the  side 
boards  and  have  removable  nuts  at  the 
ends,  which  permit  oiling.  The  spools  are 
spaced  so  as  to  have  a  clearance  of  Va  in. 
They  are  ordinary  wooden  spools,  with  a 
barrel  3%  ins.  long  between  shoulders. 
They  are  set  so  that  the  line  of  the  slioul- 
ders  is  just  below  the  top  edges  of  the 
side  boards ;  this  permits  a  steel  strap 
guard  to  be  fastened  to  the  top  edge  of 
each    side   board   so   as   to   extend    inward 


veyors  are  employed,  one  extending  into 
the  street  from  each  side.  The  inner  ends 
of  the  two  conveyors  meet  at  the  center 
of  the  street  and  the  outer  ends  extend  be- 
yond the  supporting  trucks  and  the  gutters 
and  past  the  ends  of  the  stock  piles.  Just 
back  of  the  trucks  there  is  a  hinge  in  each 
conveyor  which  permits  the  projecting  end 
to  be  tilted  up  to  clear  trees,  poles  or  other 
obstructions  when  the  conveyors  are  shifted 
ahead.  The  incline  given  the  conveyor  is 
as  flat  as  may  be,  so  that  the  brick  can  be 
put  on  and  taken  off  the  conveyor  with  as 
little  lifting  as  possible.  An  incline  of  1  in. 
to  1  ft.  is  ample ;  in  fact  it  has  been  much 
flatter  on  most  of  the  work  done  by 
Messrs.  Carlson  &  Theselius.  In  one  case 
the  incline  was  only  14  ins.  in  24  ft. 

The  method  of  operating  the  conveyors  is 
quite  clearly  shown  by  the  illustration.  The 
loaders  take  the  bricks  from  the  piles  and 


mating  the  probable  traffic,  the  application 
■  of  an  economic  theory  of  road  or  street 
design  being  impossible  without  a  traffic 
estimate.  Let  us  now  consider  the  two 
methods  of  estimating  traffic:  (1)  By  a 
traffic  census;  (2)  by  a  traffic  survey. 

Traffic  Census. — In  order  to  determine 
tlie  attrition  to  which  a  pavement  is  sub- 
jected, it  is  customary  to  count  the  number 
and  kind  of  vehicles  that  pass  across  a 
given  section  of  the  pavement  during  a 
day.  Such  a  traffic  record  is  called  a  traf- 
fic census.  On  first  consideration,  this 
seems  to  be  the  only  investigation  of  traffic 
that  is  necessary  before  proceeding  with 
the  design  of  a  pavement.  However,  while 
such  a  census  is  important  in  order  to  fore- 
cast the  wear  of  the  pavement,  it  is  of 
minor  importance  compared  with  a  traffic 
survey  from  which  the  annual  ton-miles  of 
traffic  can  be  ascertained. 
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TraiKi  SuriYy. — \Vc  have  coined  thi*  ex- 
pression to  designate  the  process  of  ascer- 
taining the  total  niinilier  of'tons  of  pro<hicc 
to  be  hauled  and  the  average  length  of 
haul. 

Whenever  a  new  railway  is  intelligently 
projected,  a  traffic  survey  of  its  trihutary 
lerrilnry  is  niuile  The  engineer  determines 
the  appriixini.ite  nunilHT  of  acres  of  pro- 
ductive tributary  land,  and  estimates  not 
idy  the  tonnage  that  it  is  actually  pro- 
liiicing  but  what  it  i^  capable  of  producing 
when  adequate  transportation  facilities 
shall  have  "developed"  the  country.  The 
average  length  of  haul  by  rail  is  then  esti- 
mated, and  the  prohalile  gro.ss  revenue  to 
the  railway  is  thus  predicted. 

In  building  a  new  road  and  in  iui|iroving 
II  old  one.  the  same  sort  of  a  traffic  sur- 
cy  should  he  made.  The  engineer  shotdd 
plat  upon  a  map  the  areas  of  diffiereni 
farms,  and  show  what  kind  of  crops  they 
are  producing,  the  number  of  acres  to  each 
crop  and  the  average  tonnage  yielded  per 
acre.  The  distance  from  each  farm  to  the 
point  of  tinal  delivery  on  the  highway 
should  then  he  estimated,  ami  the  ton- 
mileage  ascertained. 

.\  second  estimate  should  next  be  made, 
showing  the  probable  tonnage  that  may  be 
develope»l  on  this  same  land  when  lower 
costs  of  hauling  shall  have  made  the  farm- 
ing of  other  products  protilable.  or  when 
uncultivated  land  shall  have  been  put  under 
cultivation,  or  when  intensive  farming  shall 
have  taken  the  place  of  existing  farming. 
Such  an  e>.timatc  will  serve  to  indicate  the 
development  that  may  be  expected  to  fol- 
low within  a  mci<lerate  time  alter  the  build- 
ing of  the  highway.  Highways,  like  rail- 
ways, are  built  not  merely  to  accommodate 
existing  tonnage  but  to  develop  new  ton- 
nage—a fact  that  ntany  short-sighted  people 
'eem  not  to  perceive. 

Estimating  Average  Hauls. — The  haid  is 
the  distance  from  the  point  of  loading  to 
the  point  of  delivery  of  the  load. 

If  a  road  is  10  miles  long,  it  docs  not 
follow  that  the  average  haul  is  ■>  miles,  for 
it  may.  anil  often  does,  happen  that  most 
of  the  tonnage  is  located  near  one  end  of 
the  road. 

To  ascertain  the  average  haul  of  the  to- 
tal tonnage,  multiply  the  tonnage  on  each 
farm  h\-  the  distance  of  that  farm  to  mar- 
ket, add  these  ton-mile  products  together 
and  divide  by  the  total  tonnage;  the  quo- 
ttcnl  is  the  average  haul. 

If   we  have    100  tons   hauled  2  miles.  W» 
■  .ns  hauled  3  miles,  and   I'.'"  tons  bant.il    I 
■udes.  the  average  haul  is  found  lb- 
IdO  V  1"  -  jmi  lun-iiilN'M 
HO  X  3  =  '.'40  lun-inil>  > 
130  X  4  =  480  lon-rnil.  -< 

1'"  ton-inllrM. 

'-■-  'It    mlli-ii  nvcmse   haul. 

Since   n    1^   Usually  convenient   to   reduce 

all    costs    (such    as    interest,    maintenance. 

etc..  10  the  mile  of  highway  as  the  tmil )   it 

is  desirable   to   ascertain   the   ton-miles   of 

traffic  per  mile  of  road.     It  is  not  necessary 

to  calculate   the   total   ton-miles,  as   alwvc 

indicated,  in  order  to  arrive  .it  the  average 


number  of  tun-miles  per  mile  of  road,  as 
will  be  seen  from  a  consideration  of  the 
following  rule: 

Estimate  the  total  number  of  Ions  (not 
the  ton-mites)  to  be  hauled  from  the  entire 
territory  tributary  to  the  road  and  divide 
fry  f;  the  quotient  is  the  axerage  ton-miles 
per  mile  of  road. 

Performance  of  Teams. — A  horse  is 
capable  of  exerting  a  steady  tractive  pull, 
when  going  at  a  walk,  equal  to  one-tenth  its 
weight,  for  ten  hours.  Thus,  a  1,200  lb 
horse  will  exert  a  steady  pull  of  I'iO  lbs. 
on  the  tugs  all  day  long,  walking  at  a  gait 
<jf  2^  miles  an  hour  (220  ft.  per  min.)  on 
a  hard,  level  road.  This  is  equivalent  to 
I'JO  X  •.'•.'11  X  rM>0=  15.Wi>.imW  ft.  lbs. 

Not  within  recent  years  have  any  experi- 
ments been  published  regarding  the  number 
of  foot  pounds  of  useful  work  done  by 
horses;  but  certain  old  English  and  French 
tests  indicated  that  the  number  of  foot 
pounds  of  useful  work  done  by  horses  is 
tolerably  constant  whether  the  working  day 
be  long  or  short.  In  brief,  if  n  1.2<hi  lb. 
horse  were  required  to  work  only  3<H)  mins. 
(5  hrs.)  a  day,  it  could  still  perform  about 
|li.(XM),0(XI  ft.  lbs.,  and,  of  coui:se,  to  do  so 
it  would  double  either  its  tractive  pull  or 
its  speed.  It  is  an  established  fact  that, 
where  the  foothold  is  good,  a  horse  can 
exert  4  times  its  normal  pull  for  a  short 
time,  or  that  a  1,200  lb.  horse  could  exert 
a  pull  of  480  lbs. 

This  ability  of  a  horse  to  exert  more  than 
its  normal  pull  has  a  decidedly  important 
effect  upon  the  theory  of  road  location,  as 
we  shall  see  when  we  come  to  the  discus- 
sion of  maximum  grades. 

When  a  horse  is  required  to  walk  all 
d.iy  on  soft  earth  or  in  deep  mud,  its  effect- 
ive pulling  power  is  greatly  decreased,  for 
it  is  forced  to  raise  its  own  weight  to  a 
greater  height  every  step  it  takes  than 
when  it  is  walking  on  a  hard  surf.->ce.  This 
consumption  of  energy  greatly  reduces  the 
otherwise  available  16.(MX).000  ft.  lbs.  of 
work,  .\ccording  to  the  writer's  experi- 
ence, about  lii  miles  is  a  good  day's  work 
on  soft  ground  instead  of  24  miles  on  hard 
roads.     In  mud  it  is  considerably  less. 

When  traveling  at  a  trot,  a  horse  raises 
his  body  to  a  much  greater  height  e.ich 
step  than  when  walking,  and  thus  reduces 
the  available  lii,OO0,0<x'  It.  lbs. 

Estimating  The  I  'alue  of  Team  Time. — 
There  is  prolwbly  not  a  single  fnmuT  liv- 
ing who  has  ever  studied  tb'  s  of 
hauling  with  sufticient  tli'  '  to 
know  the  value  of  team  time.  Vet  there 
are  engineers  who  have  attempted  to  jus- 
tify some  farmers'  objections  to  road  im- 
provement un  the  ground  that  fanners 
ought  to  know  best  how  much  money  can 
l>e  ]<'  '  '  xpended  in  ro;i  .\ 
rail-.'.  i-r  will  find  ii  :ofi|. 
able  to  consult  a  farmer  when  projecting  a 
railway  as  will  a  highway  engineer  when 
projecting  a  road — and  no  more.  Prob- 
lems in  transportation  are  engineering  prob- 
lems, even  though  the  means  used  to  effect 


transportation  are  in  the  hands  of  farmers 
themselves. 

In  his  bcKik  on  "Roads  and  P 
Kaker  says  (p.  Iti)  that  on  ask: 
what  it  was 
the  answer  .^ 

ing  the  price  ul  team,  driver  and  wagon  at 
$3.W  lu  $3.5<i  a  day.  "On  changing  the 
form  of  the  question  and  asking:  'What 
docs  it  really  cost  you?'  the  answer  is  al- 
most'invariably :  'Nothing.'"  By  this  cita- 
tion of  farmers'  answers,  which  is  made  to 
prove  that  team  time  after  the  harvests 
are  harvested  is  of  nominal  value,  Baker 
proves  the  utter  worthlessness  of  such  tes- 
timony on  matters  pertaining  to  road  eco- 
nomics, although  his  intention  was  exactly 
opposite. 

The  IllinoU  .Agricultural  Experiment 
Station  sent  out  a  bulletin  to  farmers  and 
received  316  replies  10  the  effect  that  the 
average  price  of  a  team  and  man  during  the 
crop  season  was  $21.3,  which  again  illus- 
trates the  incompetency  of  farnurs  to  tes- 
tify in  such  matters. 

The  average  man.  and  even  many  engi- 
neers, when  asked  the  daily  cost  of  operat- 
ing a  machine,  will  make  an  estimate  of  the 
daily  wages,  daily  coal  and  (perhaps)  daily 
current  repairs.     This  is  er-  ti 

even  for  a  machine  that  d  c 

coal  when  it  is  not  working,  ij.ii  liie  error 
is  greatly  multiplied  when  the  machine  is  a 
horse  that  consumes  "fuel"  on  Sundays, 
holidays,  rainy  days,  and  all  days  of  the 
year.  Interest  on  the  investment,  and  at 
least  part  of  the  depreciation  of  every  ma- 
chine and  working  animal  are  likewise  un- 
accommodating enough  not  to  cease  during 
the  days  that  are  not  worked,  but  continue 
to  operate  every  day  of  the  year.  Hence 
no  method  of  estimating  the  cost  of  operat- 
ing a  machine  or  an  animal  per  day  worked 
is  even  approximately  correct  unless  it  is 
arrived  at  by  taking  the  total  annual  ex- 
penditure ( including  aver.ige  annual  depre- 
ciation ascertained  from  a  long  term  of 
years)  and  dividing  that  total  annual  ex- 
penditure by  the  average  total  number  of 
days  actually  tcvrtcd  per  aniuim. 

In  the  northern  parts  of  .Xmcrica.  the 
working  season  for  outdoor  construction  is 
fre(|uently  not  more  than  7%  months  long. 
This  is  so  of  all  work  that  cannot  be  done 
until  the  frost  is  out  of  the  ground,  and 
usually  covers  the  period  between  .Vpril  !."» 
and  Dec.  1.  In  this  period  there  are  180 
working  d.nys:  but  rain  will  usually  elim- 
inate 10  per  cent  of  these  days  and  leave 
alMMit  ItiO  d.iys  actually  worked  in  certain 
cl.-isses  of  outdoor  work.  Where  such  is 
the  case,  it  is  clear  that  the  cost  of  feed 
(for  example)  for  the  3lK  days  must  be 
divided  by  KM)  lo  arrive  at  the  cost  of  feed 
|K-r  day  tittrlted  Contr.ictors  who  make  a 
business  of  -,    well  aware  of  the 

ini|M>rtance  img   the   value   of  a 

working  team  day  m  this  maimer.  If  they 
were  not,  they  would  soon  cea<e  to  be  con- 
tractors. Fanners,  on  the  other  hand,  are 
rarely  well  enough  informed  on  unit  cost's 
to  make  even  an  approximate  guess. 
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An  Adjustable  Form  Holder  and  Cross 

Form  for  Cement  Sidewalk 

Work. 

Competent  form  setters  are  one  of  the 
scarcest  kinds  of  laborers  to  obtain  for 
sidewalk  work,  and  next,  perhaps,  to  finish- 
ing, form  setting  is  the  kind  of  work  which 
calls  for  the  most  skillful  and  rapid  work- 
men. Any  device  or  method  of  operation 
which  will  reduce  the  time  and  skill  re- 
quired in  setting  sidewalk  forms  is,  there- 
fore, of  interest.  Recently  the  Concrete 
Construction  Co.,  Houghton.  Mich.,  con- 
tractors, has  been  using  a  steel  combina- 
tion cross  form  and  form  holder  which 
has  proved  to  be  a  material  aid  in  its 
cement  walk  work.  This  device  is  shown 
by  the  accompanying  drawing,  and  the  fol- 
lowing description  of  its  construction  and 
of  the  method  of  using  it  have  been  pre- 
pared from  information  furnished  by  the 
company. 

Construction. — .As  shown  by  the  draw- 
ings, the  device  consists  of  a  steel  plate 
cross  form  or  parting  strip  which  clamps 
togetlier  the  side  forms  and  holds  them  to 


a  hanuner  and  punch.  .A.ny  workman  of 
ordinary  intelligence  can.  it  is  stated,  do 
the  riveting  rapidly  and  without  trouble. 
It  will  be  noticed  that  the  end  sections  are 
slotted  to  slip  over  the  side  form  boards, 
which  are  in  turn  notched  with  a  saw  cut, 
so  that  the  top  of  the  plate  comes  down 
flush  with  the  top  edges  of  the  side  forms 
and  does  not  interfere  with  the  use  of 
straight-edge  or  trowel.  The  cross  forms 
are  tightened  to  clamp  the  side  forms  by 
simply  turning  the  cam  handle. 

Method  of  Setting  Forms. —  In  setting 
forms  the  wooden  2.x4s,  or  whatever  is 
used  for  side  forms,  are  strung  along  the 
walk  on  both  sides,  so  as  to  break  joints. 
The  saw  cuts  are  then  made  about  an  inch 
deep  in  the  top  edges  and  at  intervals  cor- 
responding with  the  block  lengths  being 
used.  The  cross  forms  are  then  inserted 
in  the  saw  cuts  and  clamped  and  the  whole 
form  is  ready  to  level  up.  Use  one  set  of 
stakes  for  both  line  and  grade,  and  set 
them  from  1  to  3  ft.  outside  of  the  walk 
and  from  25  to  50  ft.  apart.  Level  up  the 
side  form  nearest  the  stake  first  and  block 
it    bv   kicking   earth    beneath   it    cverv    few 
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the  proper  distance  apart.  It  does  away 
with  practically  all  stakes.  The  cross  form 
is  composed  of  interlocking  sections  of  steel 
plate  4  ins.  wide,  -3/10  in.  thick  on  top  and 
Vi  in.  thick  on  the  bottom,  the  wedge  shape 
being  adopted  to  facilitate  withdrawal.  A 
complete  form  consists  of  seven  sections, 
two  of  which  are  end  sections,  as  shown 
at  C,  and  carry  the  clamping  device ;  the 
others  are  intermediate  sections  of  the  gen- 
eral shape  shown  at  A.  The  special  end 
section  B  is  for  use  in  place  of  the  regular 
ends  when  the  walk  comes  close  against  a 
fence  or  building  and  there  is  no  room  for 
the  regular  side  form.  The  teeth  permit 
the  end  of  the  section  to  be  fastened  by 
driving  to  the  baseboard  of  the  fence  or 
building.  The  seven  sections  are  not  gen- 
erally used  at  one  time,  but  they  can  be 
connected  up  when  necessary  to  construct 
very  wide  walks.  The  two  end  sections 
alone,  make  a  cross  form  for  a  3-ft.  walk, 
and  by  adding  one  or  more  intermediate 
sections  the  length  of  the  plate  is  increased 
by  increments  of  6  ins.  up  to  walks  14  ft. 
wide.  The  method  of  interlocking  the  sec- 
tions is  clearly  indicated  by  the  drawings; 
to  fasten  the  interlocked  sections  together. 
3/16-in.  copper  rivets  are  driven  and  headed 
in  the  two  countersimk  holes  shown  by  the 
small  circles  in  drawing,  C.  To  take  apart 
the  sections  these  rivets  are  driven  out  with 


feet.  Line  up  the  side  at  the  same  time 
that  it  is  leveled.  Next  level  the  back 
form  from  the  front  form,  giving  it  what- 
ever superelevation  is  wanted  for  the  pitch 
of  the  walk.  The  form  is  now  ready  for 
concreting.  In  placing  the  concrete  it  is 
well  to  deposit  one  or  two  shovels  full  in 
each  corner  of  the  block  and  midway  of 
the  cross  form  on  each  side,  to  anchor  the 
form  before  dumping  wheelbarrows  in  the 
center.  After  the  concrete  is  all  in  and 
tamped,  stretch  on  and  straight-edge  off  the 
top  coat.  When  ready  to  finish,  do  all  the 
necessary  floating  and  troweling.  Then  run 
an  edger  along  the  side  forms  between 
cross  forms.  Next  run  a  pointer  along 
each  side  of  the  cross  form  plate  to  loosen 
the  top  material.  Unlatch  the  cams,  and, 
using  the  handles,  lift  the  cross  form  first 
with  a  short  quick  jerk  and  then  by  raising- 
it  slowly.  As  soon  as  the  cross  form 
is  out,  run  the  jointing  tool  in  the  space 
left  by  the  plate  and  round  down  the  edges 
of  the  joint. 

As  to  number  of  cross  forms  to  be  used, 
and  progress  which  will  be  made,  practice 
w'ill  of  course  vary.  For  say  2.000  sq.  ft. 
of  walk  a  day  the  compan)-  named  above 
uses  about  45  cross  forms.  This  gives  10 
to  15  for  the  form  setter  to  be  setting  up, 
10  for  the  concrete  gang  to  be  working  on, 
10  for  the  top  stufT  men  to  be  striking  off, 


and  5  or  10  for  the  finisher  to  be  working 
on.  One  man  has  been  able  to  set  the 
forms  for  a  gang  laying  2,000  sq.  ft.  a 
day.  In  addition  it  was  possible  to  drop 
one  man  from  the  gang,  owing  to  the  fact 
that  there  were  no  joints  to  be  cut.  There 
was  also  the  saving  of  stakes,  nails  and 
braces  required  where  all-wood  forms  are 
used. 

This  steel  combination  cross  form  and 
form  holder  has  been  put  on  the  market 
by  the  Concrete  Construction  Co..  of 
Houghton,  Mich. 


Notes  on  the  Wear  of  Macadam  and 
the  Selection  of  the  Top  Course. 

In  his  last  annual  report  the  Engineer  of 
the  Middle  Division,  New  York  State,  gives 
some  notes  on  the  wear  of  macadam  roads 
in  that  division. 

It  was  found  that  the  harder  grades  of 
limestone  furnished  a  very  satisfactory  sur- 
face for  medium  to  light  travel,  say  up  to 
80  vehicles  per  day.  With  travel  over  thjs 
amount  the  surface  soon  wears  away  into 
dust.  On  the  Chenango  River  Road  in 
Broome  County,  with  an  Onondaga  lime- 
stone surface  and  a  daily  traffic  of  about 
120  vehicles,  the  wear  on  the  macadam  was 
about  Vz  in.  in  depth  per  year,  the  surface 
remaining  smooth  and  true  at  all  times  with 
very  little  mud.  Hudson  River  traprock 
was  used  on  two  roads  in  Onondaga 
County  that  were  improved  in  1899.  Both 
liave  about  an  equal  traffic,  160  vehicles  of 
all  kinds  in  nine  hours,  and  the  total  wear 
on  the  surface  for  8  years  ranges  from  1  to 
1%  ins.  in  depth  for  the  center  8  ft.  of  the 
macadam  to  but  %  in.  on  the  edges  of  a 
15-ft.  width.  The  soft  sandstone  of  the 
southern  counties  has  been  used  for 
macadam  surface  in  some  instances.  On 
one  road  in  Chenango  County,  improved 
with  local  stone,  with  a  daily  traffic  of  85 
vehicles  of  all  kinds,  the  wear  was  1  in. 
in  depth  per  year,  and  in  2%  years  had  to 
l)c  resurfaced.  The  top  course  of  macadam 
on  this  road  was  formed  of  fragments 
ranging  from  %  in.  to  2  ins. 

The  results  obtained  on  the  Middle  Di- 
vision, states  the  report,  would  indicate  that 
the  size  of  the  stone  forming  the  top  course 
influences  the  wear  to  a  considerable  ex- 
tent, and  tliat  the  size  used  should  vary 
with  the  texture  of  the  rock  and  with  the 
amount  of  traffic.  For  traffic  of  100  ve- 
hicles, or  less,  per  10  hours,  if  the  macadam 
is  formed  of  soft  sandstone,  the  top  course 
should  be  of  fragments  ranging  from  1% 
ins.  to  2%  ins.:  if  formed  of  limestone, 
from  1  in.  to  2  ins. ;  if  trap-rock  is  used, 
from  %  in.  to  1%  ins.  If  the  traffic  is 
over  10(1  veliicles  and  less  than  200  in  10 
hours,  the  top  course  should  be  formed  of 
trap-rock,  granite  or  syenite,  ranging  from 
1  in.  to  2  ins.  in  size.  If  traffic  is  over  200 
vehicles  and  less  than  500  in  10  hours,  the 
top  course  should  be  constructed  of  trap- 
rock,  ranging  from  1%  ins.  to  2%  ins.  If 
traffic  is  over  500  vehicles  in  10  hours, 
macadam  is  not  suitable  for  road  surface. 
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Unclassified  and  (jcneral  Articles 


Note:  This  section  is  dc\f>icJ  t<>  iiielhixls  and  c<>»t   artlclo  on  construction 
work  n»t  properly  coming  under  an>  of  the  prcLcdin^  classifications. 


General       Instructions      10     Locating 

Engineers  Alaska  Central 

Railway.* 

The  fulluMitii{  very  coniplcic  set  of  in- 
structions to  Icicatinfj  engineers  were  pre- 
pared by  Mr.  G.  A.  Kyle  to  Ruvern  the 
location  siir\eys  of  the  .\l;i>k;i  Central  Ky.. 
during  llH^-.'i,  from  Seward  northcait  to- 
ward Fairkinki.  Mr.  Kyle  *.■!>  engineer  of 
surveys.  The  directions  are  as  follows: 
PRI.NCIM.ES. 

1  Reconnaissance  must  not  be  on  a  line, 
but  of  an  area,  including  as  wide  a  belt 
on  each  side  of  an  air  line  between  two 
fixed  termini  as  there  is  any  possibility  of 
the  line  reaching.  Prepossessions  in  favor 
of  the  most  obvious  routes  must  be  set 
aside,  especially  those  lyinij  close  to  higlh 
way  or  the  open  districts. 

2  Lines  hard  to  traverse  on  foot  seem 
worse  thitn  they  really  are.  Raggedncss  of 
detail,  sharp  rock  points,  steep  bluffs,  and 
the  like,  extending  over  short  distances, 
exert  an  undue  influence  when  compared 
with  long  rolling  slopes  strctcliing  for  long- 
er distance. 

3.  Routes  will  be  compared  on  the  basis 
of  total  cost  and  operating  value.  Short 
sections  of  expensive  work  may,  when  av- 
eraged with  the  balance  of  the  line,  show 
a  less  cost  per  mile  than  another  line  of 
more  uniform  character. 

REPORTS.    FIEU)    AND   OFFICE    WORK. 

4  The  reconnaissance  report  should  show 
the  main  features  of  the  region  and  contain 
the  elements  affecting  operation  and  con- 
struction cost.  The  engineer  should  sep- 
arate the  routes  reported  upon  into  natural 
divisions,  giving  the  distance,  grades  and 
controlling  points  of  each.  He  should  de- 
scribe and  approximately  classify  and  esti- 
mate the  work  to  be  done,  giving  average 
per  mile  and  totals  for  each  section,  and 
furnishing  an  approximate  estimate  of  the 
cost  per  mile  and  total  cost  of  the  com- 
pleted railway. 

•*>.  The  engineer  will  keep  a  diary  in 
which  he  will  enter  all  items  of  interest 
pertaining  lo  the  work.  From  this,  reports 
with  sketches,  profiles,  etc.,  will  be  made 
up  and  transmitted  to  the  Engineer  of  Sur- 
veys on  the  Isi  and  l-lth  of  each  month. 
or  at  such  stated  lime  as  he  may  indicate 

ft.  .\  complete  sketch  map  of  the  water 
courses  and  divides  will  be  made  as  the 
reconnaissance  proceeds,  sufficiently  exact 
to  enable  the  Engineer  to  state  positively 
whether  and  where  the  water  of  each 
stream  crossed  joins  another,  until  both 
have  passed  ofT  the  limits  of  the  area  un- 
der examination.     On  this  map  the   water 

•Extract  from  a  imper  by  O.  A  Kyl<<  b«>- 
fore  the  Pacinc  Nortliw.'»t  Society  of  Rncl- 
ae«ra. 


;  riul<l  tir  i.i;tliii.-.l.  uitli  tlir  location 
of  all  low  divides. 

7.  Engineers  will  make  the  preliminary 
reconnaissance  in  person,  using  prismatic 
compass,  odometer,  pedometer,  hand  level, 
and  aneroid,  as  they  may  be  required.  When 
there  are  several  routes,  this  process  will 
usually  eliminate  one  or  more  of  them  from 
further  consideration  The  first  step  is  to 
obtain  the  best  available  maps  of  the  coun- 
try, such  as  those  of  the  U.  S.  Geological 
Survey. 

8.  Where  reliance  is  to  be  placed  on 
barometric  elevations,  two  well  adjusted 
barometers  should  be  used,  one  of  which 
i.s  to  be  kept  at  a  fixed  station  at  some 
convenient  point,  while  the  other  is  to  be 
carried  over  the  route.  Observations  of 
the  fixed  barometer  should  be  made  every 
half   hour,   and    from  them   a   daily   curve 
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Fig.    1 — Signal  Code   for   Stadia   Surveys. 

platted.  Observations  with  the  line  barom- 
eter should  always  be  timed  so  that  its 
readings  may  be  platted  on  the  daily  curve 
sheet,  and  the  true  difference  of  elevation 
thus  obtained. 

F.Xri.oR.MIO.N     LINES     AFTM     RECONNAISSAKCE 
HAS     BEEN     MADE. 

9  The  exploration  line  should  be  run 
as  rapidly  as  possible  over  the  entire  route 
In  case  "f  very  long  lines,  circuniotanccs 
may  make  it  neces^ary  |o  carry  on  and 
complete  the  surveys  by  sections,  but  this 
should,  if  possible,  be  avoided 

10.  The  purpose  of  the  first  line  should 
be  merely  to  get  a  general  idea  of  the 
topography  of  the  country,  and  especially 
of  the  gradients,  and  it  should  be  run  over 
all  feasible  routes  in  the  vicinity  of  the  line 


inder  construction  when  there  is  a  reason- 
able doubt.  No  attempt  10  study  the  loca- 
tion in  detail  should  be  made,  but  the  most 
i.tvorabic  ground  in  the  vicinity  should  be 

elected 

11.  .K  full-scale  profile  of  the  ordifury 
I'lirni  may  sometimes  be  necessary,  but  not 
it>iially  for  the  entire  distance. 

.\  small-scale  profile,  4,000  ft.  to  the  inch 
horizontal  scale  and  100  to  200  ft  to  the 
inch  vertical  scale  (depending  on  the  na- 
ture of  the  ground),  and  showing  eleva- 
tions, ruling  grades  and  general  features, 
should  in  all  cases  be  made. 

12.  Small-scale  maps  should  accompany 
and  explain  the  profile.  .\s  a  rule  for  all 
surveys,  maps  should  not  be  made  to  a 
larger  scale  than  will  show  the  smallest  de- 
tails of  freifuent  occurrence ;  4,000  ft.  to 
an  inch  will  generally  suffice  for  this  pur- 
pose. Occasional  details  may  be  shown  en- 
larged on  one  side  of  the  map :  it  is  not 
necessary  to  increase  the  scale  expressly 
for  them.  Condensed  maps  and  profiles  en- 
able one  to  get  a  better  grasp  of  the  prob- 
lem in  hand.  Exploration  lines  should  al- 
ways be  run  with  angles  measured  by 
transit,  instead  of  compass,  as  the  compass 
is  unreliable,  although  compass  readings 
should  be  taken  to  check  the  angles  for 
direction.  Stadia  readings  may  be  used  to 
obtain  both  distance  and  elevations.  This 
facilitates  the  immediate  determination  of 
controlling  points  within  the  area  studied. 

STADIA    UNES. 

13.  Stadia  tables  and  a  10-in.  stadia  rule 
are  a  great  convenience.  .Ml  points  occu- 
pied by  the  transit  should  be  marked  by 
hub>.  which  are  necessary  as  reference 
points  in  future  work.  Whenever  possible, 
locate  hubs  where  they  may  be  readily 
found  and  at  the  same  time  are  not  liable 
to  \k  disturbed,  as,  for  instance,  close  to 
fences,  walls  or  trees,  which  latter  should 
be  blazed. 

14.  .As  general  signals  for  moving  rod- 
man  into  position,  etc.,  in  stadia  work,  the 
following  may  be  used.  They  depend  on 
two  principles: 

First.  The  signal  for  each  figure  starts 
from  a  point  directly  in  front  of  the  eyes 
and  returns  to  the  same  point  to  complete 
the  signal 

Second.      It    is   a   matter  of  indifference 
with    which    hand    the    signal    is    made,    or 
whether  the  motion  is  direct  or  reverse. 
.  For  considerable  distance  a  Iiandkerchief 
may  be  held  in  the  hand  while  signaling. 

Each  number  should  represent  a  pre-ar- 
ranged phrase  as  in  telegraph  codes.  Thus 
47  might  mean  "Mold  on  crest  immediately 
Ixhiiid  you" ;  19,  "Hold  in  bottom  of 
vfiek";  24,  "Hold  on  fence  corner."  etc. 

In  the  diagram  the  mark  "'  the 

initial  p<iinl,  and  the  dotted  1-.  nirn 

trip  to  the  starting  point. 

These  signals  are  also  useful  for  setting 
the  target  and  recording  the  exact  eleva- 
tion of  same  in  the  usual  method  of  level- 
ii'g   with   Philadelphia    rod. 

I'l      In  stadia  lines,  as  elevations  by  ver- 
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tical  angles  are  of  the  greatest  importance, 
the  engineer  should  see  that  he  is  provided 
with  a  good  transit,  so  that  all  vertical 
angles  can  be  checked  by  reversing. 

LINE    SURVEYS. 

10.  Before  the  snrvey  of  any  route  is 
cominenced,  the  Locating  Engineer  will  re- 
ceive instructions  from  the  Engineer  of 
Surveys  as  to  the  gradients  and  curves  to 
be  used  on  the  survey,  the  basis  of  com- 
paring the  desirability  of  and  equating  the 
operating  value  of  different  lines  between 
common  points,  and  such  other  instructions 
as  may  be  needed  for  his  guidance. 

17.  Engineers  have  immediate  charge  of 
surveying  parties  and  are  expected  to  see 
that  their  parties  are  well  supplied  with  in- 
struments, tents,  stationery,  provisions,  and 
all  tools  that  are  needed  for  the  proper  and 
vigorous  prosecution  of  their  work. 

18,  First  project  the  route  of  best  grade 
and  alignment,  working  back  to  the  final 
and  most  economical  route,  with  due  con- 
sideration for  side  lines  which  avoid  lieavy 
work  for  short  distances,  and  which  may 
serve  temporary  purposes.  But  all  surveys 
should  be  made  with  regard  to  future  per- 
manent construction  and  every  effort  used 
to  reduce  the  amoimt  of  temporary  con- 
struction which  may  be  required  to  the  least 
limits. 

Note  that  tlie  really  vital  and  dangerous 
errors  of  location,  such  as  the  selection  of 
the  general  route,  the  system  of  gradients, 
the  passing  by  of  local  towns  or  sources  of 
revenue,  are  usually  committed  in  running 
the  preliminary  lines. 

10.  Every  effort  should  be  made  to  main- 
tain tlie  lowest  practicable  and  economical 
rate  of  grade  over  the  entire  engine  district. 

20.  When  sections  of  high  grade  are 
unavoidable,  try  to  concentrate  the  "rise  and 
fall"  into  short  sections  for  operation  by 
assistant  power. 

21.  Adjust  the  ruling  grades  of  each  en- 
gine district  with  reference  to  those  of  the 
adjoining  districts,  and  to  conditions  of  lo- 
cal traffic,  and  thus  avoid  "breaking  and 
making  up  of  trains." 

22.  On  sections  to  be  worked  by  assist- 
ant power,  produce  the  maximum  and  min- 
imum ruling  grades  to  an  intersection,  if 
possible. 

23.  Pusher  grades  should  be  designed  if 
possible  so  that  road  engines  can  be  used 
as  pushers  and  haul  the  train  that  can  be 
handled  on  the  maximum  minor  grades  on 
the  divisions  adjoining  them. 

Note. — To  find  the  net  tons  behind  the 
tender  that  a  locomotive  will  haul  on  a 
given  grade,  multiply  the  weight  on  drivers 
by  22%  and  divide  the  product  by  20  times 
the  rate  of  grade  plus  6,  This  will  give  the 
gross  tons,  and  subtracting  the  weight  of 
the  engine  and  tender  will  give  the  net  tons 
the  engine  will  haul.  For  a  Typical  engine 
figure  70  tons  on  drivers  and  total  weight 
of  engine  and  tender  130  tons. 

Example :  What  net  weight  of  train  will 
an  engine  with  70  tons  on  drivers  haul  up  a 
27c  grade? 
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24.  Engineers  will  keep  a  diary  in  which 
they  will  enter  every  evening  a  record  of 
the  day's  work.  This  diary  should  contain 
everything  of  value  noted  during  the  day. 
It  should  be  turned  in,  with  the  balance  of 
the  notes,  when  the  survey  is  completed.  It 
will  form  the  basis  for  a  semi-monthly  re- 
port, which  the  engineer  will  furnish,  stating 
progress  and  giving  all  other  items  of  gen- 
eral interest  pertaining  to  the  work,  with 
reasons  for  running  the  various  lines,  etc., 
particularly  noting  traffic  possibilities. 

2-5.  These  reports  should  be  illustrated 
with  small-scale  maps,  sketches,  condensed 
profiles,  etc.  They  should  show  number  of 
days'  delay  or  time  lost,  with  reason  for 
same.  They  should  be  sent  promptly  to 
the  Engineer  of  Surveys  on  the  1st  and 
l."ith  day  of  every  month. 

2(1.  The  engineer  will  note  in  his  diary 
and  on  the  map  objects  near  the  line  that 
shoidd  be  avoided  and  will  give  his  opinion 
in  the  report  of  how  his  line  may  be 
changed,  shortened,  or  otherwise  improved, 
noting  particularly  the  physical  differences 
between  the  two  sides  of  the  same  valley 
and  tlieir  effect  on  the  cost  of  construction 
and  operation,  and  make  full  comparisons 
of  the  relative  merits  of  the  different  lines. 

MAPS. 

27.  Make  all  maps  on  a  scale  of  2.000  ft. 
to  the  inch,  unless  otherwise  instructed. 

28.  Place  top  of  paper  to  the  northward 
or  westward,  considering  the  general  direc- 
tion of  the  road,  and  the  letters  are  to  be 
right  side  up  when  looking  toward  the  top 
or  toward  the  left-hand  side  of  the  paper, 

20.  The  map  should  be  made  on  paper 
or  tracing  cloth  21  ins.  wide,  or  one-half  the 
width  of  the  paper  or  tracing  cloth  as  it 
comes  in  rolls,  which  are  itsually  42  ins., 
breaking  the  line  where  it  is  necessary. 

30.  Title  should  show :  1st,  name  of  rail- 
road ;  2d,  name  of  division  or  branch ;  3d, 
name  of  points  between  which  survey  is 
made:  4th.  show  station  and  mile  post  of 
beginning  and  ending  of  survey ;  5th.  dates 
of  beginning  and  ending  of  survey;  6th, 
.■icale  of  map  in  feet  per  inch  ;  7th,  in  all 
cases  show  true  course  and  magnetic  vari- 
ation on  map ;  8th,  show  name  of  Locating 
Engineer,  Transitman,  Levelman,  and  initial 
of  Draftsman. 

31.  Show  magnetic  variations  every 
2.5  or  30  miles   on  east  and  west  lines. 

32.  Show  ties  to  boundaries  of  claims. 
homesteads,  etc. 

33.  Where  the  country  has  not  been  sur- 
veyed, observations  for  latitude  should  be 
taken  every  2-5  or  30  miles  to  locate  the  line 
on  general  maps,  and  longitude  calculated 
from  some  known  point  on  the  survey  if 
possible. 

34.  Maps  should  show  the  general  topo- 
graphical features  of  the  country  by  etching 
for  two  or  three  miles  on  each  side  of  the 
line,  giving  elevations  if  possible  of  con- 
trolling points,  hills  lakes  etc. 


3-5.  Show  character  of  soil  and  timber 
if  any  on  each  mile. 

36.  Show  mile  post  from  beginning  of 
survey  with  its  station  number  each  mile. 

37.  In  making  tracings,  use  only  colors 
that  will  blue  print.  LIsually  everything 
can  be  shown  in  black  excepting  the  center 
line,  which  can  best  be  shown  in  vermillion 
water  color,  and  the  contour  lines  should 
be  shown  in  burnt  sienna  water  color.  The 
outline  of  water  can  be  shown  in  black  and 
colored  with  blue  pencil,  and  care  should  be 
taken  to  show  the  direction  of  flow  of 
water. 

38.  Show  all  courses,  and  station  num- 
bers at  angle  points. 

39.  Send  in  tracings  of  map  on  the  loti* 
and  last  of  each  month,  showing  work  done 
to  date,  or  at  such  stated  times  as  the  En- 
gineer of  Surveys  may  indicate. 

40.  When  a  topographer  is  furnished,  the 
map  should  show  contour  lines  at  intervals 
of  25  or  50  ft.,  according  to  the  character 
of  the  country,  and  at  least  one-fourth  of 
a  mile  on  each  side  of  the  line. 

PROFILES. 

41.  Profiles  should  generally  be  2,000  ft. 
to  the  inch  horizontal  and  100  ft.  to  the 
inch  vertical  scale. 

42.  Show  classifications  of  material  in 
cuts. 

43.  Show  grade  line  that  it  is  possible  to 
get  on  location,  giving  elevation  of  change 
points  and  rate  of  grades. 

44.  Show  elevation  of  water  in  lakes  and 
rivers  when  running  close  to  same. 

45.  Show  mile  posts  from  beginning  of 
survey  with  their  station  numbers. 

46.  Elevations  should  start  from  some 
known  elevation  above  mean  tide,  if  pos- 
sible. If  not  possible,  take  barometer  read- 
ing which  should  be  set  at  some  known 
elevation  before  starting  from  railroad  or 
sea  level,  and  show  an  equation  when  con- 
necting with  correct  survey. 

47.  Title  same  as  map. 

48.  Show  depth  of  water  in  crossing 
lakes  or  rivers,  and  best  available  informa- 
tion as  to  flood  height  and  conditions. 

40.  Show  length  and  number  of  spans 
required  for  river  crossings  and  at  impor- 
tant crossings  make  ordinary  scale  profile  of 
crossing  above  or  below  the  regular  profile. 

•50.  Profiles  sent  in  should  invariably  be 
on  half  width  of  tracing  profile  paper,  viz., 
10  ins.,  and  should  show  snow  slides  and 
magnitude  of  same. 

nENER.\L, 

51,  Location  Engineers  should  occasion- 
ally report  on  the  efficiency  of  their  equip- 
ment, makin.g  such  suggestions  as  they  may 
think  best  to  make  it  more  desirable  or 
economical. 

52.  The  [ilans  and  possible  location  of 
route,  etc.,  are  to  be  carefully  guarded  by 
engineers  and  all  employes  of  this  com- 
pany, and  the  givhig  out  of  information  of 
lliis  nature  will  be  treated  as  a  serious 
lireacli  of  trust  and  followed  by  instant  dis- 
missal. 

•53.  To  obtain  the  Azimuth  from  direct 
observations  of  the  sun: 
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iP) 

l.atiiuilc        -tJ     II         Ariihiiictical  complniiciii   l.l^• 
Altiliidc        30°   13'        Arithmetical  coniplriiiriit   log 
Polar  Uist.  85°  29'        Arithmetical. 

COS. 

r 

COS 
COS. 

9-2720r>4 
9.f»97;j97 

•JH-W  3e' 

70*    W   }nn     rn* 

-  P 

(L) 
(A) 
(P) 

,r  !.;■  1...^.    .-..- 

Which  is  log    cos.  of 

True  Azimuth 
Lnliitidc        42°  1(54'    Arithmetical    complement   log. 
.Mlitudc        37°  16^4'    Arilhnictical   complement   log. 
Polar  dist    71'  47' 

»)  19.466870 

9.733440 

.17°  14' 

2 

114°  28' 
0.1.10819 
0.09t)229 

9.3!t.'J(W.-. 
9.999002 

2)150°  80' 

S-P 

3'  -23'  log.  COS. 

Which  is  log.  cos.  of 
True   .-\zimuth 

219.6-22735 

9.811367 

49°  38' 

2 

99°  IC 

<  .\<'tc  •--  i  lie  jMti.ir  iii>t.im.f  i**  iMitaitiiii 
by  adding  the  sun's  apparent  declination, 
as  obtained  from  the  Nautical  .Mmanac, 
to  90°  when  the  sun  is  south  of  the  equa- 
tor and  subtracting  the  same  when  the  sun 
is  north  of  the  equator. 

The  latitude  is  similarly  computed  from 
an  altitude  observation  of  the  sun  at  noon, 
corrected   for   refraction. 

The  .Mtitudc  (.-X)  is  also  to  be  corrected 
for  refraclirtn. 

The  refraction  equals  the  natural  co- 
tangent of  the  altitude  expressed  in  min- 
utes. Thus,  for  an  observed  angle  of  ele- 
vation of  33°  41',  the  natural  cotangent  Ik.-- 
ing  1.5,  the  corrected  altitude  wouhl  be 
3;i°  41'— l..',  =  i3°  39H'. 

(Note.) — The  correction  for  refraction 
must  always  be  subtracted  from  the  ob- 
•rrvrd    latitude. 

I  — In  taking  out  the  arithmetical 
>  ■  .  •■i<nt  of  the  log.  cos.,  sulitracl  from 
S  l»9'.»!t;t;»!t.  beginning  at  the  left  and  pass- 
ing to  the  right. 

(Note.)— When  taking  the  observation 
from  .Azimuth,  the  sun  should  be  .it  least 
1»o  hours  from  the  meridian.  True  .-Xzi- 
muth  can  be  obtained  by  ntisrrvation  on 
Polaris  or  by  equal  altitude  of  star  or 
the    sun 

I'RKLIMIN.NtV    LINE. 

54  The  preliminary  line  must  be  run 
with  care,  after  the  exploration  line  has 
been  nm,  and  must  be  made  to  approxi- 
mate closely  to  the  final  location,  or  near 
enough    so   that    ."iccurate    topography   can 


lie  i.iKi'ii  t<f  'ipiw  tnr  iiriiiiif  i-ii  iiic  pro- 
jected location.  If  the  first  line  is  not 
near  enough,  run  another  so  as  to  give  a 


>  Take  soundingi  where  the  line 
ir-insci  !iwamp»  or   Ixidies  of  water 

59.  Run  a  line  a  quarter  of  a  mile  dis- 
tance up  and  down  rivers  on  each  side 
of  the  preliminar}'  line  at  the  place  where 
it  crosses  same  to  locate  the  waterway  ac- 
curately. 

TOK)OB.\PIIV 

60.  Topography  should  in  all  cases  be 
shown  by  contour  lines,  taken  either  by 
slopes  or  hand  level.  A  very  satisfac-. 
tory  method  is  to  plat  the  line  on  sheets 
of  paper,  say,  12  inches  by  18  inches,  fas- 
tened to  u  light  l>oard  by  thumb  tacks,  and 
by  using  the  hand  level  and  tape  sketch 
the  contours  on  the  map  in  the  field.  The 
sheets  should  have  the  center  line  platted 
on  them  before  going  into  the  field.  The 
sheets  are  added  one  after  another  as  the 
plotting  progresses,  lapping  one  side  or 
corner  always  under  the  preceding  sheet, 
and  giving  its  axis  any  random  direction 
compared  with  the  other  which  will  best 
•icrve  to  keep  the  center  line  of  the  sur- 
vey ill  the  middle  of  the  sheets.  The 
sheets  are  pinned  together  with  thumb 
lacks  and  two  or  three  X  marks 
made  at  the  laps  so  that  they  can 
be  replaced  at  any  time  in  exactly  the 
same  position.  .-X  north  and  south  base 
should  then  be  laid  down  the  full  length 
of  the  sheet,  nearly  in  the  middle,  and  the 
consecutive  number  of  the  sheet  penciled 
on.  always  in  the  same  corner.  The  con- 
tours taken  in  the  field  are  then  traced 
directly  from  the  sheets  onto  the  tracing, 
which  has  the  line  plotted  on  it  accurately 
in  the  office.     The  notes  should  show  the 


m^ 


Fig.  2 — Sample 

strip  of  sufficient  width  of  correct  |o|»>k- 
raphy  through  which  to  project  the  loca- 
tion. 

55.  In  cases  where  there  arc  two  or 
more  possible  lines,  they  can  usually  be  re- 
duced to  two  lines  by  an  inspection  on 
foot,  and  two  lines  should  always  be  run 
in  case  of  doubt. 

56.  The  object  of  the  preliminary  sur- 
vey is  to  serve  as  a  base  for  topography. 

57.  Take  lies  to  all  lines  and  boundary 
tines  of  all  kinds  by  angles  and  measure 
the  distance  to  all  corners 


of  Contour  Map. 

iliv|-iiu-e  III  each  contour  (taken  in  the 
field)  from  the  center  line,  as  |>er  Fig  2. 
When  the  contours  are  taken  in  topogra- 
phy book,  the  same  system  can  be  fol- 
lowed as  on  the  sheets,  with  the  excep- 
tion that  two  Kmks  will  necessarily  have 
to  be  used  at  the  same  time,  one  for  the 
draft >man  to  work  from  and  one  for  the 
to|M>graphcr  to  use.  alternating  same  To 
facilitate  the  work,  standard  topography 
IxMiks  will  be  furnished  by  the  company. 
Contours  should  be  sketched  in  carefully 
between  all  points  of  measurements. 
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61.  When  topography  is  taken  by  slopes, 
which  should  be  done  only  where  the 
country  is  of  a  regular  character  and  not 
broken  up  badly,  the  topographer  should 
use  a  slope  level,  or  clinometer,  and  a 
straight  rod  from  10  to  15  feet  long,  and 
keep  the  notes  so  as  to  show  the  slope 
angle  whether  plus  or  minus,  and  the 
length    of    each    slope     accurately,     thus : 

C,"   X   10°,  —  24° 

210      180,        300 

Slopes  should  be  taken  every  100  feet 
along  the  center  line,  but  it  is  onlj-  neces- 
sary to  go  out  at  right  angles  a  distance 
of  from  TOO  to  1,000  feet  every  200  or  500 
feet  along  the  center  line,  according  to 
the  character  of  the  country.  The  notes 
can  be  best  platted  on  the  map  by  use  of  a 
slope  table.  The  object  of  topography,  by 
whichever  method  employed,  is  to  project 
a  location,  and  no  labor,  time  or  lim'ted 
expense  should  be  spared  to  take  it  accu- 
rately, as  the  whole  result  of  the  survey 
depends  on  the  topography.  The  Locat- 
ing Engineer  in  charge  of  the  party  will 
be  held  personally  responsible  for  results, 
and  he,  therefore,  should  not  keep  men 
who  are  not  capable  of  doing  first-class 
work,  but  should  ask  his  superior  officer 
for  other  men  in  case  the  men  he  has  are 
not  competent  after  a  thorough  trial  and 
proper   instructions  have  been  given  them. 

MAPS. 

62.  Make  all  maps  on  scales  of  100  to 
400  feet  to  an  inch,  according  to  character 
of  country,  and  they  should  conform  to 
the  Standard  Map  furnished.  The  top  of 
the  paper  should  be  to  the  northward  or 
westward,  considering  the  general  direc- 
tion of  the  road,  and  the  letters  to  be 
right  side  up  when  looking  toward  the  top 
or  lefthand  side  of  the  paper.  Maps  should 
be  made  on  paper  or  tracing  cloth  18  to 
21  inches  wide,  or  one-half  the  width  of 
the  paper  or  tracing  cloth  as  it  comes  in 
rolls,  which  are  36  or  42  inches  wide, 
breaking  the  line  where  it  is  necessary 
to  keep  the  line  or  topography  on  the 
paper.  Do  not  lap  the  breaks  so  as  to 
mix  .  up  the  topography.  Maps  should 
conform  to  the  Standard  Maps  furnished. 
Where  change  of  scale  is  made  on  map 
make  a  break  on  same  and  mark  scale  on 
each   part  of  map. 

63.  The  title  should  show  : 
1st.     Name  of  railway. 

2d.  Name   of   division   or   branch 
3d.  Name  of  points  between  which  sur- 
vey is  made. 

4th.  Show   station    and   mile   post   at   be- 
ginning and   ending  of   surveys,   also   date. 
5th.  All  courses  are  true   courses. 
6th.  Name   of  locating  engineer,  transit- 
man,  draftsman,  leveler  and  topographer. 

64.  Show  correct  observations  for  mag- 
netic variatons  every  25  or  30  miles  on 
east  and  west  lines. 

Take  ties  to  section  corners,  homesteads, 
mineral  claims,  and  government  lines  by 
angles  and  distances  as  often  as  practical. 


65.  When  the  country  has  not  been  sur- 
veyed, show  the  latitude  of  the  points  on 
the  line  every  30  miles  at  least.  The  lon- 
gitude will  be  taken  from  some  known 
point  and  calculated  by  the  surveys. 

G6.  Show  lines  of  all  provincial  boun- 
daries and  ties  to  same. 

67.  Indicate  on  the  map  the  character 
of  the  soil,  timber,  etc. 

68.  Show  mile  post  every  mile,  giving 
the  station  number  of  same. 

69.  On  tracings,  use  only  colors  that 
will  print,  contours  in  burnt  sienna  water 
color,  preliminary  line  in  light  black  line, 
projected  location  in  heavy  dotted  black 
line  or  vermillion  water  color  (black  pre- 
ferred). The  outlines  of  water  can  be 
shown  in  black,  colored  by  blue  pencil,  or 
a  wash  of  blue  water  color,  and  care 
should  be  taken  to  show  the  direction  of 
the  flow  of  the  water. 

70.  Show  all  courses,  stations,  and  an- 
gles at  angle  points,  station  numbers  at 
both  beginning  and  ending  of  curves  and 
at  every  even  500-foot  point ;  also  the 
course  of  the  tangents,  total  angle  in  all 
curves  and  degree  of  the  curve.  Mile 
posts  should  be  shown  in  the  projected 
line,  instead  of  on  the  preliminary  line. 

71.  Contour  lines  should  be  shown  by 
burnt  sienna  water  color,  full  lines  every 
10  feet  in  elevation  and  dotted  lines  for 
5-foot  contours  where  it  is  necessary  to 
show  any  change  of  slope  between  the  10- 
foot  contours.  Make  the  even  50-foot 
contours  heavy,  so  as  to  distinguish  them 
easily,  and  mark  the  elevation  often  on 
the  contour  lines.  Five-foot  contours,  ex- 
cept on  very  easy  slopes,  only  tend  to  con- 
fuse. 

72.  Contours  should  be  taken  at  least 
1,000  feet  on  each  side  of  the  center  line 
of  survey,  or  to  an  elevation  of  100  to  150 
feet  above  the  center  line. 

73.  Avoid  showing  contours  split,  as 
they  can  very  seldom  be  correctly  shown 
thus.  There  should  be  two  contours  to 
represent  the  top  of  a  ridge  or  the  bot- 
tom of  a  valley.  , 

74.  Show  dotted  contours  below  water 
level  in  lakes  or  rivers. 

PROFILES. 

75.  Make  same  to  conform  to  Stand- 
ard   Profiles. 

76.  Profiles  should  show  the  ground 
line  as  taken  from  the  projected  line  on 
the  map,  as  shown  by  the  contours. 

77.  Show  the  classification  of  all  cuts 
and  borrow  pits. 

78.  Each  mile  should  have  a  summary 
of  the  quantities,  showing  each  class  of 
material. 

79.  Show  the  alignment  on  the  bottom 
of  the  profile   (see   Standard   Profile). 

80.  The  character  of  the  timber,  etc., 
should  be  shown  on  the  top  of  the  profile, 
and  the  character  of  the  soil  and  ground 
on  the  second  line. 

81.  Show  the  average  slopes  of  the 
ground  for  each  cut  and  fill  just  under 
the  above  line. 


82.  Show  mile  posts  from  beginning  of 
survey  with   their  stations. 

83.  Show  the  cubic  yards  in  each  cut 
and   fill,   with  classification. 

84.  Show  the  size,  length  and  kind  of 
structure  proposed  and  of  all  culverts  at 
each   watervva\-,  including  snowsheds. 

85.  Each  profile  should  have  a  sum- 
mary for  each  mile  and  a  general  sum- 
mary of  the  quantities  just  under  the  title 
at  the  beginning. 

86.  The  grade  line  should  be  shown  in 
vermillion  water  color,  with  the  rate  of 
grade  and   elevation   of  change  points. 

87.  Profiles  should  be  made  on  tracing 
profile  paper.  They  should  be  made  on 
plate  "A"  paper. 

88.  Vertical  parabolic  curves  should  be 
put  in  at  intersection  of  grades,  using 
curves  changing  not  more  than  0.10  per 
station  in  sags,  and  not  more  than  02.20 
per  station  on  summits,  curves  to  be  fig- 
ured by  the  following   formula : 

L  O 

—  ^  A  and  =  A 

R  SR 

Where  L  equals  length  of  vertical  curve, 
which   is   equal  to   AC. 
A  equals  algebraic     sum     of     intersection 

grades. 
R  equals  rate  of  change  per  station. 
O  equals  middle  ordinate  or  BD. 
B. 


/^np'r-  Con/T 


Fif.       3 — Diagram       Explaining       Vertical 
Curve    Formula. 

Any  other  ordinate,  as  at  1  and  2,  or 
3  and  4,  etc.,  will  be  to  the  middle  ordinate 
O  as  the  square  of  the  distance  .-Jl  and  .-j2, 
or  C4  and  C3,  respectively,  is  the  square  of 
the  distance  AB  or  CB. 

The  diagram  Fig.  3  will  explain  the 
above  assumptions  and  formula :  , 

E.xamples :  Given  two  grades  AB  and 
BC  intersecting  at  B.  AB  being  plus  1.0% 
and  BC  being  minus  0.6%  grade,  and  the 
rate  of  change  per  station  being  0.10,  then 
the  length  of  curve  L  equals : 
l.O-fO.6 

=1.600  ft. 

0.1 
and  the  middle  ordinate 
(1.0-F0.6) 

O— =3.20   ft. 

8X0.1 
It  simplifies  matters,  when  practicable,  to 
make  intersection  B  at  an  even  station 
and  make  the  length  of  curve  an  even 
number  of  stations,  making  rate  of  change 
R  to  fit   same. 

LOCATION. 

89.  The  located  line  should  generally 
first  be  projected  on  the  preliminary  map 
from  the  topography  and  then  run  in  on 
the  ground.  However,  in  some  localities, 
such  as  along  water  front,  with  the  water 
as    a   guide,    the   line   may   be    successfully 
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lucaied  directly  on  tl>c  RromiJ  tirit,  ami 
any  >m:ill  iircrisary  cliaiisc!)  can  br  made 
afterwards,  when  cros»-»eetions  have  been 
taken 

IH).  Velocity  grades,  requiring  speeds  in 
excess  of  3U  miles  per  hour,  must  not  be 
used,  nor  should  such  grades  be  laid  out  (or 
speeds  in  excels  of  those  obtainable  under 
ordinary  workinK  conditions.  These  grades 
must  not  be  used  except  as  a  tem|iorary 
expedient  and  where  they  can  be  replaced 
by  the  actual  maximum  grades  in  perma- 
nent construction  without  extended  clianges 
in  the  already  constructed  line.  The  length 
of  velocity  grades  for  dilTerent  speed  to  ht 
taken  from  a  diagram  which  will  lie  fur- 
nished. 

t>I.  Exercise  extreme  care  in  fixing  the 
location  for  stations,  water  tanks,  coaling 
chutes,  etc..  and  in  adjusting  grades  for 
same,  to  reduce  the  cost  and  disadvantages 
of  train  stops  to  the  minimum 

92.  Ruling  grades  at  sidings  should  be 
compensated  to  facilitate  the  starting  of 
trains  at  the  rate  of  0.2%  per  station  for 
a  distance  of  3.tXK»  feet,  which  should  be 
distributed  as  follows:  1.20<1  feet  on  siding. 
1.2''o  feet  below  siding,  and  l)0<t  feet  above 
siding. 

93.  Note  for  record  the  kind  and  qual- 
ity of  material  to  be  moved.  Whether 
rock  is  soft  and  friable  or  solid,  and  the 
lirobable  method  of  construction  which  will 
:  c  necessary,  especially  where  the  country 
is  swampy  or  of  a  tundra  formation. 

!M.  The  usual  classification  of  grading 
will  be :  Earth,  hardpan,  loose  rock,  and 
solid  rock.  If  cemented  gravel  or  soft 
rock  in  place,  or  other  distinctive  material 
exists  in  considerable  quantities,  the  fact 
must  be  reported  to  the  engineer  of  sur- 
veys, in  rirder  that  it  may  have  proper 
classification    assigned    to    it. 

9.V  Trestling.  unless  required  for  wa- 
terways, should  not  be  considered,  unless 
the  cost  of  embankment  will  exceed  both 
the  first  cost  of  the  bridges  and  the  main- 
tenance, assuming  the  life  of  the  bridge 
at  ten  years.  Temporary  bridges  will,  of 
course,  be  considered  when  material  for  fill 
is  not  obtainable  in  the  immediate  vicinity. 

90.  Note  that  stream  diversions,  even 
when  of  considerable  magnitude,  usually 
prove  cheaper,  both  in  first  cost  and  in 
maintenance,  than  bridging,  particidarly 
when  the  excavated  material  is  used  in 
embankments. 

97.  Compensate  curves  on  ruling  gradi- 
ents at  the  rate  of  004  feet  per  degree, 
and  be  sure  that  the  rate  of  any  grade, 
plus  curvature  resistance,  '•"'-  ""•  exceed 
the    ruling   grade. 

98.  When  practical,  a  gr.i<|r  ,.i  at  least 
0.2  per  station  should  be  used  for  the 
drainage  of  cuts. 

90  A  rale  of  curvature  less  than  I* 
per  l<V)  feet  shotdd  not  be  used,  except  in 
case  where  the  intersection  angle  is  less 
than  3°.  .\»  curves  less  than  300  feet  long 
are  objectionable,  a  rate  of  curvature 
should  be  used  to  give  that  length.    Curves 


lighter  than  uiic  dign-i-  ^h.l;lUl  not  be  nude 
longer  than  3iXi  feet,  except  in  special 
cases  where  lighter  curvature  is  found  to 
be  necessary  to  hi  the  country.  Avoid  bro- 
ben  back  curves.  Tangents  of  at  least 
600  feel  should  be  obtained  between  curves 
in  the  same  direction   if  possible. 

IIRAIS'ACK. 

KK)  Location  engineers  will  give  spe- 
cial attention  to  the  dctcnninalion  of  the 
necessary  length  of  bridges  and  size  of 
culverts,  and  should  keep  a  notebook  in 
which  is  entered  an  estimate  of  the  ex- 
tent and  general  description  of  the  charac- 
ter of  the  area  drained  by  each  waterway, 
cross-sections  of  streams  at  flood  heights, 
and  any  other  items  of  importance  bear- 
ing upon  llie  question  of  drainage.  These 
notes  should  he  full  and  explicit,  and 
should  give  the  local  names  of  creeks  and 
and  small  streams,  as  well  as  the  names  of 
rivers,  and  should  refer  to  the  station 
number  on  survey  stakes  in  describting 
the  streams. 

101.  On  all  located  lines  detail  profiles 
on  plate  "A"  profile  paper,  scale  20  feet 
to  an  inch,  should  be  made  of  ravine  sec- 
tions where  bridges  arc  required.  This 
should  show  the  center  line  for  a  greater 
distance  than  the  length  of  the  proposed 
bridges,  and  also  a  parallel  line  on  each 
side  2^)  feet  from  the  center  line.  It 
should  also  show  high-water  mark  surface 
indications  of  rock,  as  well  as  grade  line, 
with  elevations  of  stations. 

102.  Thorough  drainage  is  a  maxim  to 
be  impressed  on  the  mind,  and  engineers 
must  beware  of  being  misled  in  so-called 
rainless   districts. 

103.  A  tidal  estuary  may  generally  be 
narrowed  considerably  from  the  extreme 
water  lines  if  stone  revcrtments  are  used 
to  protect  the  banks  from  wash.  In  sec- 
tions where  the  current  is  sluggish,  it  is 
generally  safe  to  encroach  a  little  on  the 
general  width  of  the  stream,  but  in  rapid 
streams  among  the  hills,  the  width  that 
the  stream  has  cut  for  itself  through  the 
soil  should  not  be  lessened,  and  in  ravines 
carrying  mountain  torrents  the  openings 
must  he  left  much  larger  than  the  ordinary 
appearance  of  the  banks  of  the  stream 
would  seem  to  make  necessary. 

104.  Culverts  and  waterways  of  perish- 
able material  should  have  ample  allowance 
for   future   permanent   construction. 

PR.MNAGE     AREAS. 

lO,').  Drainage  areas  should  lie  measured 
while  the  location  survey  is  in  progress 
for  the  purpose  of  determining  the  size  of 
bridge  openings. 

106.  The  areas  of  streams  more  than 
12  or  15  miles  long  may  usually  be  taken 
from  maps  by  the  topographer  or  compe- 
tcMt  assistant,  hut  for  small  streams  this 
may  be  done  most  rapidly  and  with  suf- 
ficient accuracy  by  stadia  nietho<ls.  (Sec 
Exploration  Surveys.)  However,  if  it  will 
delay  the  progress  of  survey  to  any  ob- 
jectionable degree,  this  may  be  left  for 
the  construction  engineer  to  determine. 


loT.     In  case  of  duubt  as  to  the  size  of 
the   openings,   it    is   better   to   err   on    the 
side  of   safety   by   lea. 
especially    in   drift    or    : 

108.  The  topographer  should  take  large 
scale  sketches  of  all  streams  near  cross- 
ings, from  which  proper  positions  of 
bridges,  as  well  as  changes  of  channel,  may 
lie  determined.  He  slmild  also  iioir 
when   waterways  can  1h-  cimsolidated. 

llH*.  The  fdlluwing  formula  will  give 
the  area  in  square  feet  for  openings  for 
any  given   area : 

.•l^rca  of  opening  required  in  square  feet. 
.t/=area   of    watershed    in   square   miles. 
.•/^I27.24    'I'm'   until   the    area   of    water- 
shed  is   8   s<|.   miles. 

Then  use  the  following  formula : 
.1=214/ '.U.     The    former    Ining    Prof     A. 
N.  Talbot's,  and  the  latter  Meyers' 
formula. 

Table  below  is  calculated  for  hilly  coun- 
try. For  mountainous  country  add  25% 
and   level   country   use  50%  : 

S  &2  L  Z  ^  C  if 


?- 


I?  II    i^  si  ?-^ 


*=     o=  *i     H    *i 


C^:r 


a-        o" 


°~        o^     o^       -S^      =^     ^C 

«»        ai    o"        a-     e"      ai         s"        ei 

.01  4   2.2  230  28   1133   430   4S40 

.02  7   2.4  245  30   1172   r.ff)       47SS 

.03  9       2.6  2S0  32   1211   j:,0   SOI} 

.04  11   2.8  275  34   1248   «""   5242 

.05  IS   3.0  290  36   l:*'   •  ••    .«•.« 

.06  IS   3.2  304  3$   :  :' 

.07  1"   3.4  320  40  ■  1 

.08  19   3.6  333  45  '-.ii-Z 

.09  20   3.8  346  50   1  «.'39 

.10  22   4.U  360  55   I  6426 

.15  30   4.2  373  60   :  -  6:i»5 

.20  38   4.4  387  65   1  6767 

.25  4S   4.6  400  70  7098 

30  52   4.8  413  T  7413 

.35  58   S.O  426  7716 

.40  64   5.5  457  s««7 

.45  70   6.0  48S  8288 

.50  76   6.5  51 S  8560 

.55  81   7.0  548  8821 

.60  87   7.5  577  "■■s'O 

.65  92   S.O  605  .'X 

,70  97   8.5  624  I  ^  < 

.75  102   9.0  642  '.  il 

SO  108   9.5  660  I  :^;. 

.85  113  10  f76 

.90  lis  II  710  1.    ...          .» 

.95  122  12  741  ISu   ;»;i 

1.0  Itl  IS  772  190  2949  '  .1 

1.1  137  14  ^"1  ■•  M 
I..'  14«  15  V  ., 

1.3  1.15  16 

1.4  164  17     '  1 

1.5  173  IS  (-. 

1.6  181  19 

1.7  1S9  20 

l.S  198  22  l< 
1.9  206  24  I 
2.0   214  28    lo...   .    ..-    ..... 

SPOtALS. 

110.  Spirals  will  b«  used  at  the  end 
of  all  curves  of  2  degrees  .ind  upwards. 
When  practical,  the  length  of  spiral  curve 
in  feet  will  lie  obtained  by  nuiltipl.ving  the 
elevation  of  the  outer  rail  in  inches  hjr 
velocity  in  miles  per  hour. 

When  figuring  for  25  miles  per  horr, 
use  Talbot's  table  No.  10,  where  a  =  5=  I 
degree  in  20  feet,  and  allow  50  feel  be- 
tween spirals.  When  conditions  on  the 
ground  will  not  permit  of  the  use  of  a 
spiral  of  this  length,  use  <j^(i=l  1! 
in  IrtH  feet,  and  allow  spirals  to  rr . 
This  will  be  the  minimum  allowed.  A.  N. 
Talbot's  book  on  spiraK  »ill  1  r  I'snl  .iv  a 
standard  field  book. 
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The  maximum  degree  of  curvature  to 
be  used  will  be  12  degrees  unless  otherwise 
instructed. 

111.  Below  is  a  table  of  standard  eleva- 
tions for  outer  rail  on  curves  that  will 
govern  the  length  of  spirals.  All  curves, 
unless  otherwise  instructed,  will  be  ele- 
vated for  2.5  miles  per  hour. 


Ul| 


'O 


So  1-  p  —  o 

33       SJo        .K 


iill! 


0 


■  3 
5  o 


Q  S  Q  ^^  P         - 

1*  7-16  5°  2  1-8  9°  3  7-8 

1°  20'  9-lG  5°  20'  2  5-16         9°  20'     4 

1°  40'        11-16  5°  40'  2  7-16         9°  40'     4  1-8 

2°  7-8  6°  2  9-16  10°  4  1-4 

2°  20'  1  6°  20'  2  11-16  10°  20'     4  3-S 

2°  40'  1  1-8  6°  40'  2  7-S  10°  40'      4  1-2 

3"  1  1-4  7°  3  11°  4  11-16 

3°  20'  17-16  7°  20'  3  1-8  11°  20'      4  7-8 

3°  40'  1  <J-16  7°  40'  3  1-4  11°  40'      5 

4°  1  11-16  8°  3  3-8  12°  5  1-8 

4°  20'  17-8  8°  20'  3  9-16  

4°  40'  2  S°  40'  3  11-16  

112.  Locating  engineers  must  be  care- 
ful to  note  suitable  and  well-located 
sources  of  water  supply  for  tanks,  etc. 

113.  Stations  will  be  uniformly  100  feet 
long  each,  and  numbered  consecutively.  It 
is  not  necessary  to  set  stakes  at  each  sta- 
tion in  all  cases  of  preliminary  lines.  This 
is  left  to  the  discretion  of  the  chief  of 
the  party.  Mark  stakes  on  alternative  lines 
with  distinguishing  letters,  as  A.  B,  C,  but 
reserve  L,  M,  N  for  located  lines. 

114.  Mark  point  of  spiral  BS.  begin- 
ning of  main  curve  BMC.  end  of  main 
curve  E,  M,  C,  and  end  of  spiral  ES ,  and 
j)oint  of  compound  curve  PCC. 

J15.  Intersection  points  on  location  are 
Tcrrm-ecessary  when  much  time  is  required 
to  put  them  in.  Their  real  use  is  for 
connecting  lines  run  in  opposite  directions. 

110.  Put  in  good  hubs  with  high  wit- 
ness stakes  at  all  transit  points,  a  record 
of  which  should  be  kept  in  the  transit 
book.     THIS   IS  IMPORTANT. 

117.  .\lways  begin  long  grade  lines  at 
the  summit  and  work  down.  For  such 
service  carry  a  slip  of  profile  paper,  say, 
6  inches  wide  and  2  feet  long.  Rule  the 
proposed  grade  line  on  it,  assume  a  sum- 
mit cut,  mark  the  stations,  and  start  down. 
When  at  fault,  the  elevation  can  be  spotted 
on  the  profile,  which  will  show  at  a  glance 
the  relation   to  the   grade. 

118.  All  true  courses  of  the  line  must 
be  given  and  an  observation  must  be  taken 
upon  starting  the  survey  and  true  course 
recorded  in  the  field  book  as  the  work  pro- 
gresses. An  additional  observation  should 
be  taken  for  the  correction  of  meridian 
convergency  whenever  the  extent  of  the 
survey  shall  attain  a  departure  of  one- 
half  degree  of  longitude. 

119.  To  illuminate  cross-hairs  when  ob- 
serving the  north  star,  wrap  a  piece  of 
tracing  cloth  around  the  object  end  of  the 
telescope  so  that  one-half  of  the  object 
glass  is  loosely  covered.  The  cloth  must 
be  secured  by  a  rubber  band.  Then  illu- 
minate with  lantern  from  one  side.  .\ 
good  night  foresight  may  be  a  suitable  X 
marked  on  tracing  cloth  tacked  over  a  box 
with  a  candle  or  lantern  back  of  it. 


120.  Check  all  change  angles  by  revers- 
ing and   with  needle   reading. 

121.  In  order  to  secure  accuracy  of 
alignment  upon  the  straight  lines,  the  tran- 
sitman  must  take  double  sights  when  es- 
tablishing instrument  points,  reversing  the 
telescope   to   correct   errors  of  adjustment. 

122.  In  running  curves,  a  tangential  an- 
gle of  15  degrees  from  one  point  should 
rarely  be  exceeded;  20  degrees  is  to  be 
considered   the   maximum. 

LEVELING. 

123.  Levels  on  preliminary  lines,  where 
speed  is  an  object,  and  the  progress  of  the 
level  party  limits  that  of  the  entire  party, 
may  be  run  with  a  self-reading  rod  with- 
out target.  For  checks  on  turning  points 
the  rodman  will  invert  the  rod.  The  sum 
of  the  direct  and  reverse  reading  will  be 
equal  to  the  length  of  the  rod. 

124.  Levels  on  location  lines  will  gen- 
erally be  run  with  the  Philadelphia  rod 
with  target,  and  the  rodman  must  carry  a 
level  book,  in  which  he  records  all  turn- 
ing points  and  benches,  calculating  the  ele- 
vation of  same,  and  also  each  height  of 
instrument,  checking  with  the  leveler  each 
time   they  pass    each   other. 

125.  The  level  rod  on  turning  points 
and  benches  should  be  read  to  Iiundredths, 
and  on  ordinary  lines  to  the  nearest  tenth. 

126.  On  all  turning  points  and  benches, 
the  greatest  care  must  be  taken  to  get  the 
vertical  rod  reading  by  using  a  rod  level, 
by  balancing  the  rod,  or  by  waving  it  when 
there  is  a  wind. 

127.  Always  establish  substantial  and 
permanent  benches  at  the  initial  point  of 
survey  and  at  2,000  feet  intervals  along  the 
line,  wliere  they  will  be  protected.  In 
all  cases,  where  practical,  place  bench  on 
a  solid  rock,  tree  or  stump,  so  that  it 
will  not  be  disturbed  by  the  construction 
forces.  If  no  stone,  tree  or  stump  is 
available,  drive  a  good  solid  hub.  LTse 
mean  tide  datum  when  same  can  be  ob- 
tained, and  if  one  has  to  be  assumed,  as- 
certain its  relation  with  the  standard  da- 
tum at  the  first  opportunity  and  make 
proper  note  of  the  same. 

128.  The  elevation  of  benches  must  be 
plainly  marked  upon  a  blazed  spot  upon 
trees,  or  upon  a  stout  guard  stake  driven 
a  foot  from  the  bench  mark. 

129.  All  bench  marks  must  be  plainly 
described  in  the  level  notes,  and  both  ele- 
vation and  description  noted  on  profile  as 
they  are  established,  and  at  the  back  of 
each  level  book  a  few  blank  pages  should 
be  left,  on  which  should  be  entered  a  list 
of  the  benches  upon  that  part  of  the  line 
covered  by  the  book,  with  their  descrip- 
tion. 

130.  The  leveler  will  note  the  surface 
elevations  in  the  beds  of  small  streams  lat 
suitable  intervals,  the  high-water  marks 
of  streams  parallel  to  the  line,  but  locat- 
ing engineer  should  describe  the  condi- 
tion of  stream  as  regards  ice  and  drift- 
wood,  kinds   of  bottom,   etc. 

131.  The  leveler  will  keep  a  note  of  oc- 


casional pegs,  describing  them  with  ref- 
erence to  the  nearest  stake  so  that  the 
levels  may  be  taken  up  speedily  in  case 
of  a  revision  of  the  line. 

132.  All  level  notes  must  be  checked  at 
the  end  of  each  day's  work  by  adding  the 
back  sights  and  fore  sights  and  ascertain- 
ing the  difference.  Doubtful  sections  must 
be  re-run. 

133.  Six  hundred  feet  each  way  should 
be  regarded  as  the  maximum  sweep  of 
the   level. 

134.  The  leveler  may  use  a  hand  level 
to  peg  into  narrow  hollows,  or  over 
heights  which  cannot  be  turned  with  the 
instrument.  He  must  record  his  work 
and   make   up   his  profile   daily. 

TOPOGR.\PHV. 

135.  On  preliminary,  whenever  a  help  to 
location,  and  on  location,  whenever  help- 
ful to  revision,  topography  must  be  care- 
fully taken. 

136.  Since  the  amount  of  topography 
actually  needed  and  used  is  small,'  no  at- 
tempt should  be  made  to  cover  the  whole 
map  with  accurate  topography.  On  the 
other  hand,  accurate  contour  lines  for  a 
reasonable  distance  on  each  side  of  a  line 
are  a  great  aid  in  projecting  location,  and 
at  critical  points  must  not  be  omitted. 
Enough  sketched  topography  shown  in 
dotted  lines  should  be  used  to  show  that 
no  otiier  and  better  alignment  might  have 
been  adopted. 

37.  The  topography  should  be  carefully 
taken  by  actual  measurements  to  important 
points,  and  must  be  correctly  shown  by 
contour  lines  where  the  surface  of  the 
ground  is  intersected  by  horizontal  planes 
at  each  even  10  feet  of  height,  taken  on 
the  datum  of  the  survey.  Every  fifth  con- 
tour should  be  heavy.  The  elevation  of 
each  contour  should  be  marked  at  fre- 
quent intervals.  Five-foot  contours  should 
be  shown  dotted  when  the  slope  changes 
abruptly  near  the  center  line. 

138.  Topography  is  neither  to  be  used 
as  a  safeguard  against  the  larger  errors 
of  location,  nor  for  giving  the  last  degree 
of  perfection  to  tlie  details  of  alignment. 
The  finishing  work  must  be  done  on  the 
ground. 

LAND    LINKS. 

139.  Connect  with  all  sub-division  lines 
of  the  United  States  Land  Surveys.  These 
measurements  '  should  include  the  angle 
made  by  the  railroad  line  with  each  home- 
stead, mineral  claim,  townsite  or  other 
land  line.  The  station  of  the  railroad 
survey  at  which  the  line  intersects  any 
land  line,  homestead,  or  mineral  claim 
must  be  given.  .\  correct  plat,  properly 
printed,  must  be  drawn  in  the  topography 
book,  showing  plainly  the  above  informa- 
tion. 

140.  When  the  line  is  located  through 
villages  or  towns,  take  all  measurements 
necessary  to  tie  the  center  line  to  the  plat. 

141.  All  the  above  land  connections 
should  be  complete  on  final  lines.      On  pre- 
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liminary  linci  a$  much  should  he  taken 
as  can  conveniently  be  outlined. 

\42.  In  starting  surveys,  always  obtain 
true  meridian,  cither  from  Polarin  or  from 
!irect  observation  of  the  sun  (see  Para- 
graph No.  53),  or  equal  altitudes  of  a 
(ilaiK-l,  and  monument   same   for   reference. 

143.  Un  definitely  located  lines,  at  in- 
tervals of  one  mile  from  the  origin  of  sur- 
vey, the  center  line  should  be  monument- 
ed  with  two  Slakes  at  least  four  inches 
square  on  top,  set  at  right  angles  to  cen- 
ter line,  not  less  than  2.5  feet,  and  usual- 
ly 50  feet,  as  a  standard  from  said  center 
line,  and  out  of  the  way  of  being  disturbed 
by  construction  forces. 

M.APS. 

141  Every  map  and  tracing  should  have 
a  title,  giving  the  corporali-  name  of  the 
railroad  company,  the  name  and  date  of 
the  survey,  and  the  name  of  tlie  locating 
engineer,  iransitman,  leveler,  topographer, 
and  the  initials  of  the  draftsman. 

The  scale  should  be  distinctly  marked, 
and  also  the  true  magnetic  meridian. 
When  the  latter  is  not  otherwise  known, 
draw   it   from  the  magnetic  variation. 

Mo.  Maps  and  profiles  should  follow 
the  same  general  direction,  south  and 
west  to  the  left,  and  north  and  east  to 
the  right,  considering  the  general  direction 
of  the  road. 

146.  Preliminary  maps  should,  in  gen- 
eral, be  on  a  scale  of  from  100  to  400  feet 
to  the  inch,  unless  otherwise  ordered  by 
the  engineer  of  surveys.  General  maps 
comparing  preliminaries  must  be  drawn  to 
a  scale  of  2,fK)0  feet  to  the  inch,  and  should 
be  accompanied  by  a  condensed  profile  on 
plato  "A'"  tracing  profile  paper,  horizontal 
scale  two  miles  to  the  inch  and  vertical 
scale  100  :-ft  to  the  inch 

14".  Location  maps  shci.lJ  be  drawn 
10  a  scale  01  100  to  400  feet  to  the  inch, 
unless  otherwise  instructed  by  the  en'^i- 
neer  of  -vrvcys.  To  avo-.l  f.unulative  tr 
rors  in  platting,  plat  pieliminary  maps 
from  merHian  carried  ti,rough  from  be- 
ginning Hiih  protractor.  Located  !i';cs 
should  be  platted  from  latitudes  and  de 
partures.  A  map  of  scale  2.000  feet  to 
the  inch  must  be  made  to  accompany  each 
full    sr.nle    map   sent    in. 

148.     Enough   topography  should   be  put 

;  l<"icalion  maps  to  give  a  true  conception 
.  I  the  ground  in  the  vicinity  of  the  line. 
Take  numerous  tics  to  premlinary  line, 
so  that  it  will  be  possible  to  trace  all 
topography  taken  on  preliminary  lines  »o 
(ill  out  tie  map  so  as  to  show  the  coimtry 
fully  v.'ilhin  a  distance  of  l.OOO  feet  f'om 
I'le  crnlei    lu.e. 

I  t"i  Maps  must  conform  to  StancLird 
Maps.  ,md  must  show  the  station  and  plus 
"f  each  BS.  BMC,  EMC  and  ES.  Central 
■  cles  of  curves  and  spiral  angles,  and 
'rue  hearings  of  tangents.  Designate  spi- 
ral by  value  of  a. 

Show  the  mile  posts  from  the  initial 
pf>int.  and  the  full  stations  at  suitable  in- 
tervals 


Show  the  position  and  name  of  any  f«t- 
tlemcnt,  cabins,  or  houses  near  the  line, 
and  direction  with  arrow  of  all  streams 

Show  property  lines,  names  and  owners, 
political  Loundarics  and  roads,  homesteads, 
Mineral  claims,  tide  lands,  lownsitcs,  etc. 

On  location  maps  show  the  width  of 
right-of-way  required,  with  the  extra 
amoimt  necessary  for  stations,  sidetracks, 
Y's,  borrow  pits,  waste  banks,  etc.  The 
usual  width  of  right-of-way  will  be  10<"» 
feet. 

Details  of  junctions,  stations,  etc., 
should  he  shown  on  a  larger  scale,  and  if 
convenient,  may  be  put  on  one  side  on  the 
general  map. 

1">0.  The  use  of  colored  ink  is  dis- 
couraged. It  should  be  the  object  of  the 
draftsman  to  make  his  map  clear  without 
this  aid,  and  so  that  it  will  not  lose  its 
utility  by  being  traced  and   blueprinted. 

151  Tracings  of  maps  must  be  sent 
to  the  office  of  the  engineer  of  surveys 
as  the  same  are  completed  in  10-mile  sec- 
tions. They  must  be  accompanied  by  a 
copy  of  the  alignment  notes  from  which 
made.  Locating  engineer  must  make  sure 
that  they  are  correct  before  leaving  their 
hands.  They  should  invariably  be  made 
on   the   unglazed   side  of  the  paper. 

152.  All  maps,  plats  and  profiles  should 
have  nine  inches'  clear  at  each  end,  so 
that  handling  will  not  make  the  markings 
indistinct. 

PROFILES. 

153.  Profiles  must  conform  to  Standard 
Profiles  to  be  furnished,  and  must  be  made 
on  tracing  profile  paper. 

154.  The  lines  will  be  divided  into  sec- 
tions of  one  mile  in  length.  Each  sec- 
tion  should  be  separately  estimated. 

155.  This  will  not  prevent  the  removal 
of  material  required  for  the  roadbed,  or 
structures  from  one  section  to  another, 
whenever  in  the  opinion  of  the  engineer 
this  may  be  expedient. 

156.  Profiles  should  break,  where  prac- 
ticable, in  the  same  section  as  the  map. 
and  have  a  corresponding  title. 

They  should  be  made  in  the  same  direc- 
tion as  the  maps,  west  and  south  being 
to  the  lefthand,  and  north  and  east  to 
the  righthand.  considering  the  general  di- 
rection of  the  road. 

1.57.  The  engineer  should  try  to  put  all 
information  in  regard  to  the  line,  such 
as  camping  places,  springs,  water  supply 
for  tanks,  etc.,  on  the  profile,  as  it  is  then 
in  convenient  and  accessible  form. 

I>58.  Profiles  nuist  show,  near  the  bot- 
tom, the  BS.  BMC.  EMC,  and  ES  angle 
points,  all  angles  l>etween  connective  tan- 
gents, spiral  angles  with  direction,  right 
or  left,  degree  of  curve  and  true  bearing 
of  tangents.  Designate  main  curve  angle 
as  ,1/  spiral  angle  as  \  and  to  tal  inter- 
section angle  as  /.  Give  value  of  "a"  in 
spiral  curve 

Show   the   surface   of   •  !.   grade 

line,  rate  of  gra<le,  and  "f  every 

angle   in  the  grade   in  figures  directly  he- 


low  the  grade  line.  Als<>  K'r  rievalion 
and  station  of  grade  intersections  on  the 
first  upper  line  of  profile,  and  show  char- 
acter of  timber,  veget-'ition.  etc  On  the 
second  line  show  character  of  ground  and 
soil.  On  the  third  line  show  lateral  slope 
of  ground  at  each  station. 

Show  the  location,  description  and  ele- 
vation of  all  benches. 

Show  the  position  of  mile  pos'ts.  and 
the  elevation  of  every  luO-foot  line,  and 
at  intervals  where  the  ground  changes  be- 
tween  stakes. 

If  the  profile  is  made  to  an  assumed 
datum,  a  note  to  that  cfTccI  should  be  made, 
adding  the  following :  "To  reduce  to  true 

elevation  above  the  set,  add   feet," 

leaving  out  the  figures  if  not  known,  but 
alw.-iys  adding  the  note. 

1-59.  The  elevation  for  both  high  and 
low  water  of  all  streams  crossed,  and  at 
intervals  of  all  streams  with  which  the 
line  runs  closely  parallel,  should  be  given. 

160.  Give  the  estimated  structures  (in- 
cluding bridges,  buildings,  culverts,  etc.) 
required  at  all  points  where  they  arc 
known,  with  notations  of  all  special  work 
proposed,  such  as  changing  channels  of 
water  courses,  protection  of  embankments, 
slidesheds,  snowsheds,  etc. 

161.  Give  the  estimated  or  actual  quan- 
tities in  each  cut  or  fill,  with  classification, 
the  yards  and  direction  of  overhaul,  and  a 
summary  by  sections,  as  follows : 

SECTION    XO. 

Clearing Squares  (100  ft.  sq  ) 

Grubbing   Stations 

Earth   excavation    Cu.  yds. 

Loose  rock  excav Cu.yds. 

Solid    rock   excav Cu.yds. 

Hardpan    excav Cu.yds. 

Excavation   wasted    ...Cu.yds. 
Embankm't.   borrowed.  Cu.yds. 

Riprap     Cu.  yds. 

Culverts    lin.  ft  each  sire 

Pile   bridges    lin.  ft.  each  size 

Trestle  bridges,  frame,  ft  B.  M. 

Snowsheds    lin.  ft. 

Diversion   dikes    lin.  ft. 

.Any  unusual  work,  such  as  viaducts, 
trii  rs,  arches,  stone  culverts,  etc. 

I  should   include  all   extra  ex- 

cavation, such  as  ditches,  channels,  for 
highway  crossings,  snowsheds,  etc. 

Show  all  (loints  of  water  supply,  names 
of  settlements,  and  of  property,  and  oth- 
er botmdry  lines,  as  far  as  known. 

162.  .Ml  brakes  in  stationing  are  to  be 
indicated  as   follows : 

When  the  difTerencc  is  less  than  one 
station,  the  profile  will  Ik-  made  continu- 
ously and  the  discrepancy  indicated  by  two 
heavy  lines,  and  the  words  'long"  or 
"short"  station,  with  its  length  (Wlien 
the  error  is  for  more  than  one  station,  if 
there  is  a  gap  in  the  stationing,  an  equal 
space  will  l>e  left  on  the  profile.  When 
there  is  a  duplication  of  stations,  the  pro- 
file will  be  broken  and  lapped  over,  so 
as  to  leave  the  stations  at  the  bottom  of 
the  profile  in  all  cases  uniform  and   con- 
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tinuous.  Every  ten  stations  must  be 
marked  in  tens  and  every  fifty  stations 
marked  in  full  at  the  end  of  each  sec- 
tion of  profile  so  affected.  A  summary 
of  short  stations,  stations  duplicated  or 
omitted,  also  total  dist.ince  added  or  sub- 
tracted, shall  be  made. 

163.  At  each  end,  and  on  the  back  of 
the  profile,  a  title  shall  be  made  showing 
the  chraacter  of  the  survey,  whether  pre- 
liminary or  final,  the'  corporate  name  of 
the  railroad  company  for  which  the  sur- 
vey is  made,  the  opening  and  closing  sta- 
tion numbers,  also  the  miles  indicated  by 
same,  the  proposed  beginning  and  ending 
points  of  the  survey,  the  name  of  the  lo- 
cating engineer,  transitman,  leveler,  topog- 
rapher, and  initials  of  draftsman.  The 
locating  engineer  must  see  that  this  title 
is  marked  in  ink  upon  all  profiles  sent 
from  his  office  or  camp. 

164.  Tracings  shall  be  made  in  10-mile 
sections,  unless  otherwise  instructed,  from 
the  original  profile,  and  sent  to  the  engi- 
neer of  surveys,  from  which  the  neces- 
sary blue  prints  will  be  made  for  construc- 
tion  purposes. 

NOTES. 

165.  The  notebooks  to  be  used  will  be 
transit  books,  level  book,  topography  book, 
and  diary. 

166.  A  title  must  be  written  on  the  fly 
leaf  of  each  book,  giving  the  name  of  the 
locating  engineer,  transitman,  topographer, 
as  the  case  may  be.  with  a  brief  statement 
of  what  the  book  is  used  for.  similar  in 
form  to  the  following : 

ALASKA  CENTRAL  RAILWAY  CO. 

Location  Surveys.  Party  No.  3. 

Transit  Book   No.   1. 

Beginning  at  Stn 

Ending  at   Stn 

FRANK  BARTLETT,  Locating  Eng. 
1161  S.  6th  St.,  Tacoma,  Wash. 
DOUGLAS    KYLE.   Transitman. 
1.528   N.    Oak   St..   Tacoma,   Wa^h. 

The  title  must  be  placed  on  fly  leaf  at 
the  beginning  of  book,  and  in  no  case  on 
the  outside  of  cover,  which  will  be  left 
unmarked,  excepting  possibly  the  number 
of  the  book,  which  may  be  placed,  if  de- 
sired for  the  convenience  of  the  locating 
engineer,  in  the  upper  righthand  corner 
of  the  cover. 

167.  Each  leaf  must  be  numbered  con- 
secutively from  the  beginning. 

168.  The  beginning  and  ending  of  each 
day's  work  should  be  dated,  and  character 
of  work  noted. 

169.  Carefully  index  on  first  page  of 
book  each  separate  piece  of  work,  noting 
abandoned   lines,   etc. 

170.  Indexing  and  numbering  of  pages 
must  be  carried  on  promptly  as  the  work 
progresses  in  all  cases,  and  not  left  until 
the   survey   is   finished. 

171.  Field  notes  must  not  be  kept  on 
paper  or  in  memorandum  books  and  trans- 
ferred   later    into    the    proper    books,    but 


must  be  entered  in  the  proper  book  in 
the  field,  as  only  original  notes  are  per- 
missible. 

172.  In  memorandum  books  will  be  en- 
tered all  cross-section  notes  of  unusually 
steep  or  rugged  ground,  where  ordinary 
methods  of  determining  quantities  cannot 
be  used.  Notes  of  foundations  of  struc- 
tures, character  of  timber,  agricultural 
notes,  traffic  possibilities,  and  any  informa- 
tion that  cannot  be  recorded  in  any  of  the 
other  books,  including  ice  movements  in 
bays  and  rivers,  etc.,  shall  also  be  entered 
in  memorandum  books. 

173.  The  diary  should  show  for  each 
day  the  character  of  weather  and  what 
work  the  party  was  engaged  on,  serious 
delays  and  cause  of  same — in  short,  a  gen- 
eral history  of  the  work. 

174.  In  case  of  line  revisions  or  aban- 
doned lines,  notes  in  no  case  shall  be 
erased,  but  shall  be  crossed  out  with  di- 
agonal pencil  lines,  and  the  v.^ord  "aban- 
doned" written  across  the  page,  noting 
hook  and  page  where  notes  of  revision  are 
to  be  found. 

175.  The  notes  of  each  day's  work  shall 
be  worked  up  each  evening  and  not  left 
to   accumulate. 

ESTIMATE    OF     QUANTITIES. 

176.  Estimates  must  be  kept  up  with 
the  location  and  recorded  on  the  profiles 
by  sections. 

177.  Precaution  must  be  taken  to  in- 
clude evcrvthing  necessary  to  complete  the 
uork  ready  for  the  track. 

178.  Estimates  of  quantities  may  be 
made  from  suitable  tables  or  diagrams, 
and  should  include  the  effect  of  side  slopes 
on  same.  Tables  of  quantities  will  be  fur- 
nished by  the  engineer  of  surveys. 

119.  Embankments  will  be  14  feet  wide 
at  sub-grade,  except  when  16  feet  and 
over  in  height,  when  they  will  be  16  feet 
wide  at  sub-grade.  .-Ml  earth  embank- 
ments are  to  have  a  side  slope  of  IVz  to  1. 
Embankments  made  from  solid  rock  cuts 
may  be  made  with  side  slope  of  P/4  to  1. 

ISO.  Excavations  in  earth  will  be  made 
14  feet  wide  at  sub-grade  with  1  to  1  side 
slopes,  except  when,  in  the  judgment  of 
the  engineer,  it  will  be  necessary  to  flat- 
ten same  on  account  of  soft  material. 

181.  Excavations  in  solid  rock  will  be 
made  14  feet  wide  at  sub-grade,  with  %  to 
1  side  slopes,  or  flatter,  as  in  the  judgment 
of  the  egineer  may  be  necessary  in  order 
to  take  care  of  loose  or  dangerous  mate- 
rial. 

Where  water  is  to  be  carried  in  ditches, 
rock  cuts  may  be  widened  on  the  ditch 
side,  as  the  judgment  of  the  engineer  may 
show   it   necessary. 

182.  Excavations  in  hardpan,  soft,  fria- 
ble rock,  or  loose  rock  will  be  made  14 
feet  wide  at  sub-grade,  with  side  slopes 
from  %  to  1  to  1  to  1,  according  to  the 
character  of  the  material. 

183.  Prices  to  be  used  for  comparative 
estimates  of  lines  are  given  in  the  accom- 
panying table. 


ECONOMIC    ESTIMATES. 

184.  The  following  general  instructions 
are  to  be  followed  in  estimating  the  cost 
of  eliminating  distances,  curvature,  rise 
and  fall,  etc. : 

Use  five  round  trips  per  day  as  the  ba- 
sis of  calculation.  Where  daily  trains  are 
used,  it  means  one  trip  each. way  per  day. 

Distances : 

Class  A — One-half  mile  or  less  will  be 
estimated  to  cost  $7,000  per  mile  daily 
train  per  year,  or  $1.33  per  foot,  which 
is  the  amount  that  can  be  spent  econom- 
ically to  save  one  foot  of  distance  per  dai- 
ly train. 

Class  B — From  one-half  to  five  miles 
will  be  estimated  to  cost  $10,000  per 
mile,  which  is  the  amount  that  can  be  eco- 
nomically spent  to  save  one  mile  of  dis- 
tance every  daily  train. 

Class  C — From  5  to  100  miles  will  be 
estimated  to  cost  $12,900  per  mile,  which 
is  the  amount  that  can  be  spent  econom- 
ically to  save  one  mile  of  distance  per 
daily  train. 

18-5.  Curvature  will  be  estimated  at 
$9.90  per  degree,  which  is  the  amount  that 
can  be  economically  spent  to  save  one  de- 
gree of  curvature  per  daily  train. 

186.  Rise  and  Fall : 

Class  A  includes  rise  and  fall  of  minor 
gradients,  where  the  rise  is  small  or  the 
grade  so  light  that  a  train  approaching  the 
top  of  a  hill  at  a  speed  of  15  miles  per 
hour  will  not  exceed  a  maximum  speed 
of  30  miles  per  hour  at  the  "bottom  of  sag 
of  grade  if  the  steam  is  not  shut  off,  which 
will  include  all  sags  25  feet  deep,  and  all 
grades  of  less  than  0.6%,  however  long. 
It  will  be  estimated  that  it  will  be  eco- 
nomical to  spend  $9  to  save  one  vertical 
foot  per  daily  train. 

Class  B  is  equivalent  to  Class  A,  except- 
ing that  with  steam  shut  off  at  top  of 
grade  the  train  coasting  will  not  exceed 
the  ma.ximum  speed  of  30  miles  per  hour. 
This  class  of  minor  grades  will  be  estimat- 
ed that  it  will  be  economical  to  spend  $28 
to  save  one  vertical  foot.  On  ruling 
grades  it  will  be  estimated  that  it  is  eco- 
nomical to  spend  $37  to  save  one  vertical 
foot.  Class  B  is  all  rise  and  fall  on 
grades  over  0.6%  and  of  length  shown  in 
table  below  to  acquire  the  maximum  speed 
of  30  miles  per  hour : 

Gradient    0.6  0.7  0.8  0.9  1.00  1.25  1.50  2.00 

Stations    170  100    73    57      48      33      26      15 

Total    drop... 102     70    58    51      48      41      38      30 

Class  C  is   rise  and  fall   on  grades  that 

require  the  use  of  sand  and  brakes   when 

steam   is   shut  off  to  avoid  velocities  over 

the  30-mile  maximum,  and  includes  grades 

of    0.6%    and    over   that    are    longer   than 

the  distances  given  in  the  preceding  table 

to  acquire  the  speed  of  30  miles  per  hour. 

This  class  of  rise  and  fall  on  minor  grades 

will  be  estimated  that  it  is  economical  to 

spend  $68    per  foot    to    save    one    vertical 

foot  of  rise   and    fall   per   daily  train,   and 

on    ruling   grades   $75    per    foot   per    daily 

train. 

187.  Pusher  grades   will  be  assumed   ns 
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'                       yJ-  IraU    coinposilion    to    fit    all    wooj    screws 

ya'.  fiotn  a  No.  5  \o  a  No.  IM,  incluMvc.    These 

'                      ,„^ff  anchors    are    especially    adapted    (or    fiive 

.  .„  .  ...^  j:.  1 j;                      ft  Hork  in  fire  brick,  tile,  nurUc,  slate,  etc., 

MJ.OO  piT  M    fi    H    M.  and  they  are  already  in  very  general   use 

T;„„....    ,„   ,  •                                                    *''•" ''    II   "    ^-  by  the  ,,1       •      .     ,nd  cleclri     •  •      ' 

rii.^  iM  f.  :                                                                                     '                         (t    wjuar*.  Then                       I    know                       hine 

Cliiirllih-                                                                                                                                             !                               :.  , 

i;rii(p»iUiK                                                                                       ■'    -      ■'  t-u.  yJ  "!•                                     work   l.ii   a   some- 

'"•"■"I'                                                                                                                                                   '              i  ■  r   CU.   yd.  I                                                             .             J        «.l,i,-K       Inr 

lii'.i  1  ■ .   I                                                                                         <.■        ;    r  M.   ft.   B.  M.  *"■'                                    "^     *"'"     wnicn     lor 

■iy                                                                                                                      1  ■  ■■  CU.  yil.  ■>onie  special  piirposi->  arc  preferred  to  the 

lix                                    ■  .  I- cii' yd.  other   and   more  popular   styles  aU>\c  de- 

i^l                                      i,j;.i,. '                      "'ill*' ft.  scribed.     Machine   expansion   bolts   arc  of 

li.                                       "    -'."~                                                                 r   iin.   ft.  1^-0  kinds,  single  wcdRc  and  double  wedge. 

]|.                                                                                                                     r   liri'.   ft.'  Kilher  will  fit  any  standard  machine  bolt  or 

t''                 ,-     liiiibrr!!!!. .!...!                                                                 T    I'n!    ft.  scrcw    from    3/10-in.    to    2-ins.    di.imeters, 

< '■                       iirlilKr*.   175   ft.   apii:!                                                                 ■    lln.    ft.  any  length.     The  single  wedge  pnxluccs  an 

8i.                         '     lln-    ft-  J      .            .                   ■                II 

I.,,.                    2  ft.  X  2  ft '          11    lln.    ft.  inside   lateral   expansion   rather   similar   in 

{^_';  ,,„    4  n   J  J  ft!!!!!!!!!!!!;!!!;!!                                 .<          i-r   ii"     n!  eflfect  to  the  styles  above  shown,  but  opcr- 

L<oK  culvert*,  t  ft.  x  6  ft ating  on  the  principle  of  an  cnRaging  wedge 

costiiiR  ryOc  per  train  mile,  or  $1  per  mile  Xhe  Importance  of  a  Modern  Expan-  '•''^P'^'^  ""'•  ^''''^'>  P''^'"'  "P  "^"="'  "'  •»" 
of  incline,  and  $36.1  per  mile  of  incline  •  g^jj  -^^  Construction  ""''  '*  '*""*  *""*"  °"'*"'''  •°*="'''  surface 
per  year,  capitalized  at  J-^r  equals  $7,300.  W  Ir  f  T  H  matter,  operating  as  it  does  to  spread  in- 
which  is  the  amount  that  can  economical-  Work  Ot  loday.  ncr  sides  of  shield  against  sides  of  hole, 
ly  be  spent  to  save  one  mile  of  incline.  "^  "  "'  s>^''<^n<  The  double  wedge  also  has  the  same  in- 
The  number  of  miles  which  represent  the  While  many,  who  have  taken  the  time  to  side  engaging  wedge  shaped  nut,  but  in  ad- 
diflference  between  the  miles  actually  run  look  into  them,  arc  now  more  or  less  fa-  dition  there  is  a  similar  wedge  shaped  un- 
and  100  miles  will  cost  one-third  of  50c,  miliar  with  the  time  and  labor  saving  quali-  threaded  collar  on  outer  end  of  shield  over 
which  equals  16%c.  Then,  to  get  the  cost  ties  of  a  modern  expansion  bolt,  there  are  which  sides  of  shield  force  themselves  out- 
of  operating  the  incline  per  day  per  daily  easily  as  many  more  who  arc  still  unfamil-  ward  producing  a  horizonul  expansion, 
train,  multiply  the  miles  actually  run  by  iar  with  them.  Concrete  being  used  so  Both  of  these  two  types,  together  with 
."(Oc  and  add  the  diflfercnce  in  mileage,  mul-  extensively  for  building  purposes,  has  cm-  many  other  time  and  labor  saving  special- 
tiplying  by  lt)%c,  and  the  sum  will  be  pbasizcd  the  need  for  expansion  bolts  and  ties,  such  as  toggle  bolts  for  fastenings  to 
the  answer.  Then,  the  above  daily  cost,  added  new  uses  for  them.  tile,  terra  cotta,  hollow  brick  or  metal  lath- 
multiplied  by  365  days,  will  give  the  year-  Expansion  bolts  in  their  many  styles  and  ing.  cable  dogs  for  supporting  conduits  and 
ly  cost  of  operating  the  incline.  Capital-  sizes  are  used  wherever  there  arc  "things  cable,  and  Star  drills  for  brick  and  stone 
izc  at  5%  and  get  the  amount  that  can  to  fasten"  to  brick,  stone,  marble,  concrete,  arc  manufactured  by  the  Star  Expansion 
be  economically  spent  to  eliminate  the  tile  or  slate.  They  are  made  in  every  con-  Bolt  Company,  of  Bayonnc,  N.  J. 
pusher  grade.                                                            ceivablc   size,    from    %   to  2  ins.   diameter                         

188.     To  calculate  the  value  of  reducing       for   use   variously   with   wood   screws,   ma-  LETTERS  TO   THE   EDITOR. 

any  grade  to  a  lighter  grade  to  handle  the       chine  screws,  lag  screv.s  and  machine  Udts.  

same   traffic,   the    cost    per   train   mile   will      The  cut  here  shown  ilustrates  the  Standard  The     Practicability  of     License     Laws 

be  estimated  at  65c.                                               Star  Expansion  bolt.     .-Xttention   is  invited  for  Engineers. 

The  above  values  arc  calculated  on   the      to  the  simple  working  principle  and  quick.  Sirs :    Your  article.-,  and  editorials   from 

assumption   that   the  cost  of  operating  an      easy  application  involved.  time  to  time  in  regard  to  the  various  at- 

average  train  mile  is  $l.oO.                                          The   shield    {  Fig.  2)   consists  of  but   two  tempts    in    difTcrcnt    st.itcs    to    enact    laws 
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star    Expansion    Bolt. 


I'  '  :ir5t  progress  re|)ort  on  the  proposed 
H".!.  n  Ray  Ky..  has  been  made  to  the 
Canadian  Government  by  J.  Armstrong,  the 
engineer  in  charge.  Complete  surveys  of 
320  miles  out  of  a  possible  465  are  reported, 
while  the  exploration  report  covers  400 
miles.  The  present  estim.ite  i*  that  the 
line  will  cost  fro-      ■  ■  "'. 

according  to  the  s 

estimate  is  based  on  a  line  whose  controll- 
ing RTadieni  will  l>e  a  0.4  grade  for  east  or 
nnrthl>oiind  traffic  and  0.6  for  southliound 
traffic.  It  calls  for  wooden  culverts  and 
trestles  and  (i5-lb.  steel. 


Mexico  produced  5.2  per  cent  of  the 
world's  copper  in  1908,  as  against  9.3  per 
cent  in  10<V,. 


parts  which,  when  held  together  as  shown, 
present  an  interior  threaded  to  take  an  or- 
dinary coach  or  l.ig  screw  or  bolt.  To 
use :  Drill  hole,  insert  expansion  shield 
(Fig.  2),  put  screw  (Fig.  1)  through  ma- 
terial to  be  fastened  into  inserted  expan- 
sion shield  (Fig.  2),  then  fasten  tight  and 
one  has  the  positive  inner  end  expansion 
vliown  by  Fig.  3.  The  inner  end  expansion 
insures  against  chipping  or  defacing  outer 
Mirf.tce  matters  and  permits  of  an  appear- 
ance more  ornamental  than  otherwise.  The 
shields  are  made  of  malleable  iron,  but 
they  m.-iy  be  had  in  Ic.id  composition  metal 
in  sizes  from  5/32  in.  up  to  V4  in. 

Identically  the  same   simple  principle  of 
expansion  -es  the  Star  screw  an- 

chors, whi  Ic  in  one  piece  of  soft 


requiring    the    licciisinp  rrs    have 

been  read  with  much  ii.-  ^ic 

1  agree  that  there  should  be  some  sort 
of  legislation  to  regulate  engineering  prac- 
tice, but  like  you,  think  this  could  be  more 
satisfactorily  attained  by  a  board  to  pass 
on  all  plans  for  work  of  any  magnitude, 
than  by  licensing  the  engineers  who  pre- 
pare these  plans. 

The  cnRiiieer  who  cin  really  do  the 
work  needs  no  license ;  his  work  speaks 
(or  him.  .\n  examination  will  not  prevent 
a  rascal  from  obtaining  a  license,  neither 
will  a  license  prevent  an  error  which  any 
'.  man  is  apt  to  make,  but  which 
iletccted  by  a  board  of  review. 

1  lie  writer  docs  not  believe  that  there 
are  any  two  engineers  in  the  country  who 
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could  be  measured  by  the  same  standard. 
An  engineer  has  to  specialize  his  work, 
and  if  one  will  but  think  for  a  minute, 
how  many  branches  of  engineering  are 
there?  Each  engineer  would  require  a 
different  license. 

If  our  present  civil  and  criminal  laws 
are  not  sufficient  to  prevent  rascality  in 
engineering,  how  about  other  professions 
or  trades;  how  about  the  man  who  shovels 
concrete?  License  him  too?  Then,  hov 
about  interstate  work?  Will  the  engineer 
have  to  obtain  a  license  in  every  state  in 
which  he  works?  The  question  of  licens- 
ing engineers,  I  think,  is  too  complicated 
to  permit  of  ready  solution. 

I    am   glad    that   Engineering-Contract- 
ing  has   taken    the   stand   that   it   has   and 
believe  with  it  that  if  we  must  have  regu- 
lations, regulate  the  work  and  not  the  man. 
Yours  truly, 

Chas.  F.  Burrell. 

.Mbion,  111.,  April  5,  1900. 


A     Suggestion    for     Regulating     the 
Practice  of  Engineering. 

Sirs: — I  have  noted  from  time  to  time 
articles  dealing  w-ith  the  subject  of  examin- 
ing and  licensing  engineers.  In  the  issue 
of  March  31  I  note  an  article  dealing  with 
the  law  that  was  introduced  in  our  legisla- 
ture this  winter  providing  for  such  exam- 
ination and  licensing,  and  also  your  edi- 
torial comments  on  the  article. 

In  the  main  I  am  inclined  to  agree  with 
the  position  you  have  taken  on  this  subject 
so  far  as  the  question  of  protecting  the  pro- 
fession against  incompetents  and  rascals, 
but  I  can  hardly  agree  with  your  proposal 
of  creating  a  board  of  review  or  supervi- 
sion of  engineer's  plans  for  public  works. 
It  appears  to  me  that  such  a  board  would 
of  necessity  be  too  cumbersome  and  ex- 
pensive. In  fact,  I  am  sure  that  the  pro- 
visions of  such  a  law  would  be  evaded  in 
many  instances  because  of  the  attendant 
expense.  It  would  cost  as  much  to  bring 
a  member  of  such  board  across  the  state 
to  examine  and  approve  the  plans  of  a  $-500 
culvert  as  it  w'ould  to  do  the  same  for  a 
$20,000  bridge.  And  yet  the  culvert,  if 
poorly  constructed,  might  be  as  great  a 
jnenace  to  the  public  as  would  the  bridge. 

I  believe  that  it  should  be  the  law  that 
no  person  should  be  deemed  eligible  to  hold 
any  engineering  position  in  which  he  would 
be  called  upon  to  plan  or  construct  any 
public  engineering  work  of  importance, 
without  having  first  successfully  passed  an 
examination  before  a  board  of  competent 
engineers.  What  I  mean  is  that  road  en- 
gineers, county  engineers,  and  municipal 
engineers  should  be  chosen  from  those  who 
hold  a  legal  license.  Further  than  this  I 
would  not  go. 

We  are  not  allowed  to  select  any  person 
for  the  office  of  prosecuting  attorney  who 
has  not  been  admitted  to  practice  at  the 
bar,  but  that  does  not  prevent  any  one  from 
conducting  a  case  in  court  if  he  can  find 
a  client  who   is   willing  to  trust  a   case  in 


his  hands.  No  person  who  does  not  hold 
a  certificate  as  a  qualified  school  teacher 
can  hold  the  office  of  superintendent  of 
public  instruction,  either  in  the  city,  the 
county  or  the  state,  but  that  does  not  pre- 
vent any  one  from  conducting  a  private 
school  if  he  can  find  the  pupils. 

The  same  policy  should  in  my  opinion 
apply  to  the  profession  of  engineering.  In 
order  to  hold  a  public  office  calling  for  en- 
gineering ability,  the  salary  of  which  is 
paid  in  whole  or  in  part  out  of  the  public 
funds,  and  the  duties  of  which  are  of  a 
public  nature,  one  should,  in  my  opinion,  be 
required  to  submit  to  an  examination  be- 
fore a  qualified  board  of  examiners.  This 
would  not  prevent  any  person  from  prac- 
ticing the  profession  of  engineer  or  sur- 
veyor if  he  could  find  clients,  but  in  actual 
practice  it  would  weed  out  the  incompetents 
as  rapidly  as  would  a  more  sweeping  law. 
The  qualifications  of  the  public  officials 
would  set  the  standard,  and  all  who  could 
not  measure  up  to  it  would  be  starved  out. 
The  board  of  review  would  be  a  valuable 
adjunct  to  such  a  system. 

Provision  could,  and  should,  be  made  for 
the  submission,  under  certain  limitations,  of 
all  plans,  specifications,  supervisions  or  ap- 
provals of  the  local  engineer  to  the  same 
board  in  which  the  power  of  examination 
is  vested,  for  final  decision.  All  acts  of 
whatever  nature  affecting  his  duties  as  a 
public  official  should  in  like  manner  be  sub- 
ject to  their  examination  upon  petition  or 
appeal,  and  they  should  have  the  power  to 
suspend  or  revoke  his  license  for  cause. 

Under  such  a  system  all  of  the  essential 
features  of  the  proposed  board  of  review 
would  be  retained,  and  at  the  same  time  the 
cumbersomeness  and  e.xpensiveness.  with 
the  consequent  tendency  to  evade  it.  would 
be  eliminated.  It  is  a  fact  that  the  public, 
while  desirous  of  protection  in  theory,  does 
not  desire  a  system  of  protection  that  limits 
the  right  of  private  choice.  It  is  quite 
probable  that  a  law  that  would  protect  the 
public  from  incompetents  and  rascals  would 
meet  with  very  general  approval ;  but  it  is 
doubtful  if  a  law  that  would  prevent  a  man 
from  employing  some  loud-mouthed  egoist 
to  make  a  survey  of  his  farm,  or  to  plan 
the  erection  of  his  power  plant,  would  meet 
with  as  unanimous  consent.  The  .\merican 
people  still  like  to  be  humbugged  too  well. 
Yours  truly. 

J.    E.    TUPPER. 

Pomeroy,  Wash..  April  8.  1009. 


Personals. 

.Tames  AT.  Brown,  a  former  railroad  con- 
tractor, died  Marcli  19  at  liis  liome  in  Og- 
densburg.  N.  Y.,  aged  .SI  years.  Mr.  Brown 
had  contracts  for  building  sections  of  the 
old  Ogdensburg  &  Lake  Champlain  K.  R.. 
now  a  division  of  the  Rutland  road,  and  (or 
many  years  was  superintendent  of  bridge 
construction  for  the  company.  He  then  went 
South  and  was  a  prominent  factor  in  build- 
ing railroads  and  bridges  in  Georgia  and 
other  states. 

Andrew  Rosewater.  City  Engineer  of  Oma- 
ha. Neb.,  died  suddenly  last  week,  aged  fil 
years.  Mr.  Rosewater  had  been  engaged  in 
engineering  work  since  1864.  his  first  position 
being  with  the  Union  Pacific  Ry.  Co.  He 
had  an  extensive  consulting  practice  in  sew- 
erage and   water-works  construction   and   in 


pavement  work.  He  first  served  as  City  En- 
gineer of  Omalia  from  1870-5.  He  was  again 
appointed  City  Engineer  in  ISSl,  serving 
until  1S87.  His  final  appointment  dates  from 
IS97. 

Jasper  R.  Rand,  vice-president  and  di- 
rector of  the  Ingersoll-Rand  Co.,  died  of 
pneumonia  in  Salt  Lake  City  on  March  30th. 
Mr.  Rand  was  the  son  of  Jasper  Raymond 
Rand,  one  of  the  founders  of  the  Rand  Drill 
Co..  and  was  born  in  Alontclair,  N.  J.,  Sept. 
3,  1874.  He  was  graduated  from  Cornell 
University  in  1S98  with  the  degree  of  Me- 
chanical Engineer,  and  served  in  Porto  Rico 
in  the  Spanish-American  war  as  a  member 
of  the  1st  New  York  Volunteer  Engineers. 
During  1S99-1900  he  was  president  of  the 
Imperial  Engine  Co.,  at  Painted  Post,  N. 
Y.,  leaving  that  position  to  take  the  presi- 
dency of  the  Rand  Drill  Co..  which  he  held 
until  1905.  In  that  year  he  was  elected  vice- 
president  and  director  of  the  Ingersoll-Rand 
Co..  which  was  his  chief  interest  until  the 
last.  Mr.  Rand  was  a  member  of  Alpha 
Delta  Phi  fraternity,  of  the  Spanish  War 
Veterans,  of  the  American  Institute  of  Min- 
ing Engineers,  of  the  American  Society  of 
Mechanical  Engineers,  of  the  Engineers' 
Club,  of  the  Cornell  Club  and  of  the  Alpha 
Delta   Phi   Club   of  New   York. 


Catalogs  Worth  Having. 

Engineers  and  contractors  should  have 
on  file  the  latest  catalogs  of  machines, 
tools  and  supplies  that  they  use.  In  sending 
for  cataiogs  reviewed  or  advertised  in 
this  paper,  you  will  confer  a  favor  on  us 
if  you  will  write  direct  to  the  advertisers' 
and  state  that  you  saw  the  catalog  men- 
tioned in  Engineering-Contracting.  If 
you  are  in  the  market  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  notify 
promptly  the  leading  manufacturers. 

No.  1184.  Sidewalk  Form  Holders. — Con- 
crete  Construction  Co..   Houghton,   Mich. 

.\n  excellent  descriptive  catalog  relating  to 
this  company's  new  adjustable  steel  form 
holder  and  cross  form  for  cement  walk  con- 
struction. The  device  is  an  interesting  one 
and  has  a  good  record  of  successful  work. 
Cement  walk  contractors  should  secure  this 
pamphlet. 

No.  11S5.  The  Barrett  Specifications — Bar- 
rett Manufacturing  Co.,  New  York  and  Chi- 
cago. 

An  S-page  pamphlet  showing  some  hand- 
some views  of  large  textile  inills  at  Lowell. 
Mass..  whose  roofs  were  laid  according  to 
Barrett  specifications.  A  description  of  the 
roofing  is  given  and  the  Specifications  are 
printed  in  full. 

No.  1186.  Street  Scrapers. — W.  M.  Toy  & 
Co.,  435  East   North  St.,   Sidney.   O. 

A  circular  illustrating  and  describing  the 
street  scraper  made  by  the  company  named. 
This  scraper  runs  on  wheels  and  is  dumped 
without  lifting.  Superintendents  of  street 
cleaning  will   be   interested. 

No.  1187.  Polygon  Mixer — Waterloo  Ce- 
ment Machinery  Co.,  Waterloo,  Iowa, 

A  23-page  pamphlet  illustrating  and  de- 
scribing the  Polygon  Mixer  which,  it  is 
claimed  will  mix  mortar  or  any  coarse  or 
fine,  wet  or  dry  mixture  equally  well.  This 
mixing  is  done  by  the  shape  of  the  drum  and 
in    batch    charges. 

No.  IISS.  Cement  Sidewalks. — United 
Kansas  Portland  Cement  Co..  Kansas  City. 
Mo. 

This  pamphlet  gives  8  pages  of  instruc- 
tions and  directions  for  cement  sidewalk 
construction  which  will  prove  highly  useful. 
The  full  specifications  for  cement  walks 
adopted  by  the  National  Association  of  Ce- 
ment Users  are  given. 

No  1189.  Kent  Mixers. — The  Kent  Ma- 
chine Co.,  33S  N.  Water  St..  Kent.  Ohio. 

The  mixer  described  in  this  24-page 
pamphlet  is  a  continuous,  automatic-measur- 
ing mixer,  in  which  the  entire  process — 
measuring,  dry  mixing,  wetimg,  wet  mixing 
and  discharging  is  automatic,  mechanical 
and  continuous,  thus  doing  away  with  hand 
labor  entirely,  except  what  is  necessary  to 
get  the  materials  into  the  hoppers.  The 
measuring  device  will,  it  is  claimed,  handle 
wet   sand   and  gravel   perfectly. 

No.  1190.  Interurban  Railways. — Allis- 
Chalmers    Co..    Milwaukee,    Wis. 

This  16-page  pamphlet  contains  well  illus- 
trated descriptions  of  the  Winona  Interur- 
ban Rv,  and  of  the  new  line  of  the  Indian- 
apolis,' Crawfordsville  &  Western  Traction 
Svstem,    both   located   in   Indiana, 
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i^  carryiiiK.  In  accordance  with  our  cti«tom 
»c  arc  iiiorrasing  tin-  n;ii<>iiiii  ••(  rr:i<tiiif{ 
ii::itt<rr  lo  keep  pace  witli  the  iiicreaied 
iiiimlKT  of  advertiNiiiK  pages.  Therefore, 
we  arc  adding  X>  per  ceiil  lo  ilic  nninlicr 
if  wnrd»  printed  in  the  paRe<  devoted  to 
articles  on  engineerinK  and  conlractinf;  sub- 
ject«. 

To  effect  this  increase,  we  are  adding 
two  pages  a  week,  and  are  using  a  type 
that  gives  a  much  larger  number  of  words 
to  the  page,  namel>  an  f -jioint  solid  ( ex- 
cept on  the  editorial  page),  instead  of  an 
S-point  leaded.  Instead  of  7  lines  to  the 
inch,  this  gives  !'  lines  to  the  inch.  Such 
journaU  as  the  "Saturday  I-'veniug  Post" 
use  the  8-;ioint  solid  type  very  extensively. 
1 1  is  n<»t  trying  lo  the  eyes,  and  is.  in  fact, 
far  more  easily  read  than  t!u  i-n  ii^ii!  in 
ihe  i«r(lirary  daily  jourr.il 

Should  our  advertising  jjr'uMii  ci  iitimtc 
at  the  present  rate,  we  shall  bo  able  to  add 
at  least  •'>(•  per  cent  mure  reailinii  pages 
In-fore  the  close  of  the  current  year,  and 
at  the  s.iiiic  lime  increase  our  editorial  staff 
ci>rri>pun<lingly. 

.Xgain  we  thank  our  readers  for  their 
kindly  cnnsideratinn  in  mentionirg  this 
journal  when  writing  to  advertisers  for  cat- 
alogs, prices,  or  other  information,  and 
again  we  repeat  that  such  consideration  on 
the  part  of  our  readers  will  |)e  rewarded 
hy  a  larger  amount  and  better  quality  of 
reading  matter  and  news. 

Are  "Cost  Data    Merely    Approxima- 
tions Suitable  for  Rough 
Estimates"? 

In  a  brief  revin\  oi  .\rthiir's  "liiiilding 
Kslimator."  the  following  statement  appears 
in  "Engineering  News"  of  ,\pril  15: 

"Bcarlnit  In  mind  the  UKual  reiitrlctlons  of 
Iiool-M  on  eo«l  data  —  Itiat  they  are  merely 
appriixliiuitlnnM  sultalile  for  rouKh  eiitliiiateH 
and  In  no  wIhi*  nceunite  for  any  apeculc  caHe 
thouKi)  (hey  may  he  very  clone  to  an  avera>;e 
—  thiM  lirth  edition  Hhould  prove  of  oon«ld- 
erahle  \'alue." 

So  far  docs  our  contemporary  miss  the 
mark  in  its  aim  at  an  understanding  of  the 
value  of  co.st  data  that  a  suggestion  or  two 
may  serve  to  induce  it  to  readjust  its 
sights  and  fire  at  the  target  again. 

Cost  (lata,  according  to  the  News'  con- 
ce|>tiiin,  are  "mere  appro.\imations,"  "aver- 
ages." and  "in  no  wise  accurate  for  any 
specific  case."  While  this  is  tnie  of  con- 
tract ^nVcj— and  much  of  .-Vrthur's  book  is 
nothing  else  than  a  table  of  prices — it  is 
»hi>!l>  iinlrue  of  acluul  cosis  Neither  the 
News  nor  many  engineers  seem  able  to  f ri  • 
themselves  frmn  the  iiuprcssioii  llial  pri 
and  cost  are  syi)on\in<iu»  Ni>«.  a  price  is 
usually— though  not  always— based  upon 
ibe  supply  .ind  demand,  and  therefore  sub- 
ject to  lltictiiations.  Contract  prices,  more- 
over, are  often  nnt>alanced.  U-ing  made  pur- 
posely Ion  high  im  Some  items  and  corre- 
spondingly loo  low  on  ntbi-rs  Rut  what  is 
of  even  greater  iniporlaiu-c  is  tlio  fact  thai 
a  price  is  a  lolal  of  all  the  eU-menls  of  cost, 
unaccompanied   by   anything   that    indicates 


Announcement  of  a    35  Per  Cent   In- 
crease in  the  Reading  Matter  of 
Engineering- Contracting. 

I  lu  riadcr>  i>i  tin-,  journal  haw  un- 
doubtedly noticed  the  marked  increase  in 
rthc  amotmi  of  advertising  that  Ibe  journal 
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the   effect   of  vnryms   rondiMon*   uprin  imr 

or  all  id  ' 

li-rc.  lell- 

judgnicnl  as  to  what  he  ought  in  ' 

On  the  other  hand,  let  us  omsi,,, ,  „,..,i 
an  aiulyzed  cost  »how* ;  and.  to  illustrate 
by  ai  '      '  I-  of 

a  I  We 

will  as»uiiis'  tlidl  (be  i>rit.c>   .  are 

as   ftdlnw's.  restiliing  in  the   :  mir 

cost : 
I    M.I    . .  III.  I.I    .1.  i.w  . .  .1    ii    i\   ...  II  :..i 


Tout 

If  this  unit  c'j>i  :  '!<  t 

description   of   loc.i'  '■   of 

mixing  and  placing,  eic  .  who  cm  iruihlully 
say  that  it  is  a  mere  appniviination  "in  no 
wise  accurate  for  any  >|>ecihc  case?"  Were 
iiutbing  but  the  total,  %^.\!^^.  given,  then 
there  would  be  soundness  in  the  contention 
that  cost  data  are  suitable  only  for  roueh 
estimates,  but  it  is  the  veriest  nonsense  to 
berate  all  cost  data  because  some  are  pre- 
sented "in  lumps"  and  therefore  in  an  un- 
usable  form. 

Even  though  the  above  example  ser\e» 
fairly  well  to  illustrate  our  point,  it  is  easy 
to  select  others  that  are  longer  but  scr\-c 
far  better,  especially  as  regards  the  analysis 
of  the  labor  item.  By  an  analysis  of  the 
labor  item,  it  is  possible  to  show  not  only 
the  effect  of  varying  wheellorrow  haul,  of 
varying  numlK-rs  of  turns  of  the  materials 
in  mixing,  etc..  but  to  show  the  rapidity 
with  which  the  lat>orers  worked  and  the 
judgment  of  the  foreman  in  laying  out  his 
work  and  in  selecting  the  tools  with  which 
it  is  performed.  Bringing  out  these  latter 
facts  constitutes  the  most  useful  function 
of  analyze<l  cost  data. 

Even  a  superficial  study  of  the  objects  of 
anahving  costs  sho'.ild  disclose  to  such 
doubters  as  the  News  that  properly  an- 
alyzed costs  are  of  the  greatest  value  in 
estimating,  and  that,  in  fact,  no  reliable  es- 
timate of  projected  »-ork  can  ordinarily  be 
made  in  any  other  manner. 

The  stigma  that  has  attached  to  engi- 
neers' estimates  in  years  past  c.-»n  be  re- 
moved in  no  way  except  by  '  'iiig 
knowledge  of  how  to  anal\2r  >  •>« 
111  interpret  such  analyses. 

Till-  engineers  who  ItKatcd  and  built  the 
Northern  Paci6c  were  so  far  oflf  in  their 
original  estimate  ihal  the  company  found 
its  $:in.O(lO  per  mile  Imnd  issue  inade<|uatc. 
and  this  inade(|iiacy  eventualh  put  the  com- 
panv  into  a  receiver's  hands  What  those 
•■rrs  lacked  was  .i  knowledge  of  cost 
-IS  aiul  analy/ed  co^i  data. 

».Jne  great  project  after  another  has  thus 
brought  discredit  i";i.>n  engineers,  until  it 
is  today  almost  impossible  to  make  the  pub- 
lic lielieve  that  any  enginer's  esiitnate  is 
reliable.  Far  in  the  van  of  this  caravan 
of  engineeriuu  ignorance  .  f  costs  have 
marched  micIi  technical  periiMlicals  as  "En- 
giucrring  News."  burning  tlie  l>riilyc».  not 
lichind  them.  Nil  liefore  iheni.  by  deriding 
the  worth  of  published  cost  data 
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Concrete  and  Reinforced  Concrete  Section 


Note: — This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  cover  the  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mixing,  transportation  and  placing;  fabrication  and  placing  of  reinforcement, 
and  form  construction  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


Hints  for  Inspectors  of  Concrete  Work. 

IV. 
Concrete  is  weak  in  tension,  i.  e..  a 
strain  tending  to  pull  it  apart,  but  it  is 
strong  in  compression,  i.  e.,  a  strain  tend- 
ing to  crush  it  together.  Reinforcement  is 
the  steel  rods,  bars,  or  netting  inserted  in 
concrete  to  make  up  for  its  weakness  in 
tension.  Their  number,  size  and  spacing 
are  computed  by  the  engineer  so  as  exactly 
to  supply  the  lacking  tensile  strength  in  the 
concrete  member  being  designed.  If  either 
number,    size    or    spacing    is    varied    from. 


f/ewtion 


P/an 

fnar-  Confr 

Fig.    1 — Sketch    Showing    Common    Error 
in    Bending    Reinforcing    Bars. 

the  strength  of  the  concrete  member  is  not 
what  it  was  designed  to  be  and  injury  re- 
sults. The  inspector's  first  duty  is  to  see 
that  no  detail  of  the  engineer's  design  of 
reinforcement  is  varied  from  in  construc- 
tion— this  duty  is   imperative. 

Checking,  Assorting  and  Storing  Steel. — 
See  that  as  the  steel  is  received  it  is 
checked,  assorted  and  stored  in  such  a  man- 
ner that  it  can  be  readily  inspected,  that  it 
is  reasonably  protected  from  rust,  dirt,  oil. 
paint,  etc.,  and  that  those  portions  needed 
first  may  be  reached  without  disturbing 
the  remainder. 

Assemblying  of  Reinforcement.  —  Sec 
that  in  the  assemblying  of  the  reinforce- 
ment the   exact   number,    size,   form,   spac- 


fnq'r-Contr. 
Fig.   2 — Sketch    Showing    Bending    of    Col- 
umn   Bars   at   Connections. 

ing  and  location  of  bars,  stirrups,  ties, 
spacers,  etc.,  called  for  by  the  plans  is  ad- 
hered to  in  every  member.  This  is  a  vital 
point  and  should  be  watched  with  great 
care  and  checked  over  just  before  the  con- 
crete is  poured.  Particular  watchfulness 
is  necessary  where  loose  bar  reinforcement 
is  employed  and  the  bars,  etc.,  are  placed 
as  the  concreting  progresses. 

Xnmber  of  Bars. — See  that  the  exact 
tuunber  of  bars,  stirrups,  ties,  etc.,  called 
for  by  the  engineer's  plans  goes  into  every 
member. 


Sices  of  Bars. — See  that  tlie  sizes  of  bars 
used  in  any  member  correspond  exactly  to 
the  engineer's  plans. 

Form  of  Bars. — See  that  the  form  of 
each  bar  is  the  exact  form  called  for  by 
the    engineer's    plans. 

.S'/'aeing  of  Bars. — See  that  the  bars  mak- 
ing up  the  reinforcement  of  any  member 
are  spaced  exactly  as  shown  by  the  en- 
gineer's plans. 

Cleanliness  of  Steel. — See  that  the  steel 
is  cleaned  from-  loose,  scaly  rust;  a  thin 
film  of  rust  is  not  objectionable.  See  that 
the  steel  is  free  from  oil  or  paint,  both  les- 
sen the  adhesion  of  the  concrete.  Sec  that 
all  adhering  dirt  is  cleaned  from  the  steel. 
See  that  concrete  which  has  lodged  on  the 
steel  and  hardened  during  previous  work  is 
entirely  removed  before  tlie  reinforcement 
is  finally  concreted  in. 

Bending  of  Bars. — See  that  the  bending 
of  bars  is  done  in  such  a  manner  that  they 
do  not  break  or  crack  at  the  bend.  The 
bending  force  should  be  applied  gradually 
and  not  with  a  jerk.  Cold  bending  is  al- 
ways preferable :  if  hot  bending  is  allowed 
see  that  the  bending  is  not  so  done  that 
the  bar  is  weakened  or  burned.  See  that 
tlie  bends  are  accurate  in  line  and  plane: 
the  accompanying  sketch.  Fig.  1,  shows  the 
nature  of  the  error  to  be  watched  for,  the 
bends  are  not  all  in  one  plane  a  f.  but  the 
one  at  d  is  twisted  to  one  side  d  e'  f. 

Splicing  of  Bars. — See  that  the  splicing 
nf  bars  is  done  exactly  according  to  the 
engineer's  plans.  Various  forms  of  splices 
arc  in  use  and  if  not  definitely  instructed 
by  the  plans  and  specifications  the  inspector 
should  learn  from  the  engineer  what  form 
or    forms    will    be    acceptable. 

Protruding  Ends  of  Bars. — See  that  the 
ends  of  bars  which  are  left  protruding  for 
splicing  arc.  if  they  are  likely  not  to  be 
connected  up  for  some  little  time,  painted 
with  cement  paint  to  diminish  rusting  and 
so  guarded  that  they  are  not  bent  down 
or  knocked  loose. 

Fastening  Reinforcement. — See  that  aU 
reinforcement  is  securely  fastened  to  pre- 
serve spacing,  location,  alinement,  etc. 
Braces,  blocks,  suspenders,  spacers,  ties, 
etc.,  should  be  used  in  ample  number  to 
make  certain  of  this  feature.  See  that  all 
temporary  fastenings  are  removed  as  fast 
as    the    concreting    reaches   them. 

Wiring  Reinforcement. — See  that  the 
wiring  of  reinforcement  at  intersections  is 
done  carefully  and  strongly.  Soft  black 
iron  wire.  No.  16  to  No.  18  gage,  should 
be  used  and  the  ties  should  be  made  taut 
and   be   well   fastened. 

Placing  Column  Reinforcement. — See 
that  the  reinforcing  frame  is  concentric 
with  that  of  the  column  below,  that  the 
bars  are  vertical,  that  all  ties  are  in  place 
and  arc  taut,  that  all  splices  are  made,  and 
that  no  part  of  tlie  steel  touches  the  walls 
of  the  form  but  that  there  is  uniform  open 
space  all  around  between  the  steel  and  the 
form. 

Spacing  Column  Bars. — Sec  that  tem- 
plets are  used  particularly  at  bottom  and 
top   to   insure  accurate   spacing  of    column 


Ijars.  This  is  necessary  to  ensure  that  the 
bars  of  successive  columns  will  fit  when 
spliced.  If  the  bars  are  bent  as  shown  by 
Fig.  2,  to  connect  with  the  bars  of  the 
cnhinin  above,  the  spacing  should  be  veri- 
fied  witli   particular  care. 

Tieing  Column  Bars. — See  that  the  wire 
ties  or  hoops  holding  the  vertical  bars  are 
taut,  or,  if  punched  straps  or  hooked  bar? 
are  used,  that  they  fit  exactly.  See  that 
the  \ertical  spacing  of  the  ties  is  exact  and 
according  to  plans.  Figure  3  shows  correct 
and  incorrect  way  of  fastening  ties. 

Splicing  Column  Bars. — See  that  column 
bars  are  .spliced  exactly  according  to  tlie 
plans.     If  a  liutt  joint   is  specified  see  that 
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Fig.    3 — Showing    Correct    and     Incorrect 
Method   of   "Tieing"   Column    Bars. 

the  Iiutting  ends  arc  square  and  the  bear- 
ing uniform  and  that  the  joint  is  held  true 
to  line  by  sleeves  or  splice  bars.  If  lap 
joints  are  allowed  see  that  the  wire  wrap- 
ping, cable  splices,  etc.,  are  made  taut  and 
secure.  Various  styles  of  column  splices 
are  shown  by  Fig.  4.  The  splice  is  a  vital 
point  and  should  be  watched  with  care. 

Placing  of  Beam  Reinforcement. — See 
that  beam  reinforcement  is  placed  sym- 
metrical with  the  axis  of  the  beam,  that  the 
bottom  bars  are  held  the  required  height 
above  the  bottom  of  the  beam,  that  the 
proper  space  is  maintained  between  the 
reinforcement  and  the  sides  of  the  beam, 
that  the  required  connections  are  made  at 
the  ends  of  beam  with  the  column  bars 
or  the  reinforcement  of  abutting  beams  or 
walls,  that  all  planes  and  lines  are  true,  and 
tliat    all    parts    of     the     reinforcement     are 
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Fig.   4 — Sketch    Showing    Typical    Column 
Bar  Splices. 

wired  Ingttlur  or  citliorwise  held  firmly  to 
position. 

Placing  H'all  Reinforcement. — See  that 
the  reinforcement  is  placed  the  required 
distances  from  the  faces  of  the  wall  and  in 
the  exact  planes  laid  down  in. the  engineer's 
plans.  See  that  the  stipulated  spacing  of 
the  bars  is  accurately  followed.  See  that 
the  bars  are  straight  and  true  to  line. 
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thai   the    tpaciiiK   ot    I 
plan,  that  thr  iilain-> 


•r,-,-m^nf  -  Sff      fnre      It   ii   ^tati-fl   that    one   gallon    will      Experiments    on    the    Electrolysis  of 
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"Elaterite,"    a     New     Waterproofing 

Paint  for  Concrete. 

The    requisites   nl    a   walerproofinu   paint 
'    concrete   m.i  •    ' 

t  >:     <  1  I   It  nir 
■  J>    It  must  han   -ii.M.K   .i.i.n-i>(    ,..■.%>,. 
(3)    It    must    not    Iw    atTrctcd    by   ordinary 
:  ,   ,1  ..r   .Ik  iline  waters;  (-1)   It  must  \tc  siif- 
lic  not  to  crack  when  the  con- 
Is  or  contracts.     There  has  re- 
cently been  put  on  the  markci   a   substance 
known   as    Elaterite   Cenitfiit    W  .ili  rprooling 
Paint,  which  is  dainu-il  to  nuxt  all  .if  these 
reqiiirenunts       Tests    mad*    by    tin-    Robert 
\V.    Hunt    Co.    Chicago.    111.    wliicli    con- 
sisted   in   inimersiiii;    tor   tlirei-   ila\s    '/ixlii- 
Ir.   .•.-.!  ,trips  painted  with  two  coats  of  the 
(■  ni  •")*•  per  cent  solutions  of  nitric 
'ilphuric  acid,  hydrochlrii-    icid  and 
soda  and  also  in  c.  '  brine. 

1  the  i>aint  to  be  sli.  ted  by 

tile  julphuric  and  nitric  acij  .-wlutions  and 
hv  the  caustic  soda  solution,  but  to  be  un- 


■  f 


gen  In  addition  to  laborat.iry  tests  the 
paint  has  been  used  with  sucess  on  a  niun- 
ber  of  concrete  structures.  KeKnnling  onr 
of  these  structures  we  have  the  following 
nt  by  Mr  J.  B  Marsh.  Marsh 
Co.,  Dcs  Momes,  Iowa,  In  a  paper 
read  before  the  Iowa  Association  of  Ce- 
ment Users: 


\   -Mit;.  I... 


sq    ft.  with  two  coats. 
jV  The   Elaterite   I'aini 
.Moines,  Iowa. 


A   Combination    Chair    and    Clip    for 

Fastening  Reinforcing  Rods 

and  Bars. 


Reinforced  Concrete.' 

I'v    .A.    S.    Lanosikjio. 
.■•^mMc   corrosion    of   the   tteel    rt- 


It  is  . 


is  used 
ii-'d  to- 

.ch 
bv 


-  ot     s..tl    \\  irc    II''^         v\  ; 

be  well  made  if  they  .  ■ 

they  can   serve  iv  ■■'!    -  ..;. 

'    iiings      In  the  a  we 

;    ■\\  a  substitute  fo:  ich 

al.so    serves    the    additional    purpose    ot     a 

chair  or  spacer  to  hold   the   reinforcement 

away    from    the    forms   and    so    insure    It 

lu-ini;   embedded  the  proper  distance   from 

•irface   of    the   concrete.      The    sketch 

-  the  construction  dearly;  the  carry- 
mil:  .iiid  distributing  bars  are  inserted  in 
their  respective  siKkets  and  then  the  keys 
are  driven  tight  and  bent  up  at  the  small 
ends  to  lock  them  in  place. 

,      These   "chairs"   arc    made    of     a     good 
weight  and  i;ood  quality  of  sheet-steel,  to 
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Knudson,  of  New   Y'or>  .ir. 

to    !"■     ii.i'ii.l     111    t',.-  •     •■. 

.\v 

of    i 

first  accuum  oi  an  cxpcriinenlal  invcatiga- 

tion  of  the  subject. 

The    experiments    here    described     wen- 
carried    out.    under    the    direction    of    thi- 
wrifer,    during    the    winter    and 
V.m.  by   .Mr    M.   M.   Glauber,  a- 

a       ti-llli.r        -til. I. -lit       ..I       .-Ir-.Tri,-,!       , 

in  ' 

lini: 

very  carefully  dune ;   its   general   plan   was 


.ulii'iui'iil*  fui   a  in:'.Lt.i   iiatt::iJioulliiB 
.1 

Mr.  Marsh  gives  the 
of    the    composition 

,    .,.,-   ,,.ilnt : 
.if    thi.s    i.iilni    Ik   n    pun-    cartion 

'•nl!..|    :il'  ■    '•minrmi    nihh^r" 
'     In 


il 

•  he 

in 

■•v- 

•  ixl    ail  atoului.;)    .witiii'^uuC  auifacL'  Is  ob- 

tiilni^. 

For    wati-ri.r.  •  '  .  .    ij,.,| 

cold,    tin-    tirM  >'i 

Two  coats   arc    i>> -i'li- 

■  ition  must  be  made  on  a  dry  smooth  sur- 
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Combination  Chair  and  Clip  for  Reinforcing    Bars. 


Them  a'liple  streiiglh  against  crushing 
under  such  loads  as  are  likely  to 
on    the    reinforcement.      It    will    be 

I  too  that  the  l>otloni  edges  of  the 
arc  bent   to  form   flat   feet  and  pre- 

cutting  into  the    i..rin   board-.    These 

.  -.r..  I.,-.. I,    ill    ,,,>    .1 ,-',  ,1    ,nd  to 

".  as 

for 

wail    reiniorcenient    or    lor    hooped    column 

reinforcement      For  wall  reinforcement  the 

bending  of   the  bottom   edge   to   form    feet 

is  omitlcil  and  for  sniral  hooping  the   slots 

i.iral  rods  arc  cut  to  pitch  so  that 

-   set  "straiylii"   with  the   vertical 

This  combination  chair  and  clip  is  made 
hy  the  National  Wire  Cloth  Co.,  of  San- 
diisWv.  Ohio. 


an    amplification    of   that    adopted    by    Mr. 
Knudson. 

The   tests   made   by   Mr.    Knudson    werv 
two    in    niimhrr       In    the    first    test,    three 
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having  formed  upon  tlieiii  which  extended 
into  the  concrete,  especially  on  the  walls 
of  the  cracks ;  pitting  of  the  pipes  was 
very  noticeable,  and  there  was  an  appre- 
ciable loss  of  weight. 

In  the  second  set  of  tests  two  blocks 
(Nos.  4  and  5)  were  made,  similar  to  the 
other  three  except  that  Rosendale  cement 
was  used.  The  test  run  was  again  con- 
tinued for  30  days  with  the  current  con- 
stant at  0.1  ampere.  The  results  were  sim- 
ilar to  those  of  the  first  test,  except  that 
No.  4  (in  sea  water)  showed  greater  elec- 
trolytic action,  a  hole  1  in.  by  %  in.  having 
been  eaten  clear  through  the  pipe.  In  the 
first  test,  Specimen  No.  1,  in  sea  water,  but 
without  current,  was  absolutely  unaffected. 
A  sledge  hammer  and  chisel  were  required 
to  break  it  open,  and  the  pipe  was  clean 
and  bright.  In  all  the  otlier  specimens  the 
concrete  became  soft  and  crumbly,  so  that 
in  places  a  penknife  could  be  easily  thrust 
into  it. 

The  tests  made  at  Washington  Univer- 
sity were  also  divided  into  two  parts,  but 
12  specimens  were  used  in  each  part.  All 
of  the  specimens  consisted  of  1%-in.  pipe 
embedded  to  a  depth  of  9Va  ins.  in  a  1-.3--) 
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Fig.   1 — Sketch   Showing   Arrangement   of 
Specimen  for   Electrolysis  Tests. 

concrete,  made  rather  wet  and  thoroughly 
tamped.  The  cement  was  Red  Ring  brand 
(made  by  the  St.  Louis  Portland  Cement 
Co.)  and  the  aggregate  was  crushed  lime- 
stone. The  thickness  of  concrete  all 
around  the  pipe  was  2  ins.  The  specimens, 
after  aging  for  about  50  days,  were  placed 
in  6-gal.  glazed  earthenware  jars,  raised 
above  the  bottom  by  wooden  blocks,  and 
were  immersed  in  fresh  water  to  within 
about  1  in.  of  the  top  of  the  concrete ;  fresh 
water  was  added  as  necessary  to  replace 
loss  through  evaporation.  Fig.  1  shows  the 
details  of  the  specimens. 

In  the  first  run,  eleven  of  the  specimens 
were  then  connected  in  series  and  a  current 
of  0.05  ampere  was  passed  through  tliem. 
the  twelfth  specimen  being  without  cur- 
rent. The  run  was  continued  for  TO  days 
continuously.  (It  will  be  noted  that  in  this 
test  tlie  current  was  only  half  that  used  by 
Mr.  Knudson.  and  the  run  was  more  than 
twice  as  long.)  All  of  the  pipes  were 
weighed  before  embedding  them  in  the 
concrete.  At  the  end  of  each  week  one 
specimen  was  removed,  broken  open,  and 
the  pipe  cleaned  and  reweighcd,  with  the 
results  shown  in  Fig.  2. 


In  tlie  second  run,  which  continued  for 
3-3  days,  the  specimens  were  connected  as 
before,  but  the  current  strength  was  raised 
to  0.2  ampere.  The  curve  showing  loss  of 
weight  in  this  case  is  shown  in  Fig.  3 ; 
during  both  runs,  readings  of  the  drop  of 
voltage  around  the  specimens  were  taken 
at     regular    intervals.       The     apparent      re 


tlie  circuit  show  large  radial  cracks  that 
formed  in  the  concrete ;  and  some  show 
also  a  flaky  white  deposit  that  formed  on 
the  outside  surface.  Lack  of  time  pre- 
vented making  an  analysis  of  this  deposit, 
'but  this  will  be  done  in  a  further  series  of 
tests. 

The    softeninn-    nf    tlie    concrete    observed 
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Fig.   3 — Showing   Loss   in   Weight   of  Concrete  by   Electrolysis  at  End  of  Week. 


distance  per  specimen,  calculated  by  divid- 
ing the  volts  per  sample  by  the  current, 
\aried  in  the  first  run  from  600  olims  at 
the  start  to  about  1,200  ohms  at  the  end ; 
in  the  second  test  it  changed  from  about 
"ill  oltms  at  the  start  to  about  500  ohms  at 
llie  end.  Mr.  Knudson  found  an  apparent 
maximum    resistance    of    from    300    to    400 


by  Mr.  Knudson  was  confirmed  in  these 
tests,  but  it  was  not  so  marked  as  reported 
by  him,  probably  on  account  of  the  differ- 
ent mixture  used.  But  the  electrolytic  ac- 
tion on  the  embedded  metal  was  very 
strong,  as  shown  by  the  curve  of  loss  of 
weight.  Whereas  the  specimens  not  sub- 
jected   to   the   current    remained   clean   and 
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Fig.   2 — Showing    Loss    in    Weight   of  Concrete  by  Electrolysis  at   End  of  33  Days. 


ohms  per  specimen,  but  differences  in  this 
respect  are  to  be  expected  because  of  varia- 
tions in  the  density,  or  porosity,  of  the 
samples.  It  is  to  be  understood  that  these 
resistances  are  apparent  only,  for  they  in- 
clude the  effect  of  a  very  considerable  po- 
larization. 
The  specimens  after  their  removal   from 


bright,  tlie  others  developed  a  coating  of 
rust  whose  thickness  increased  witli  the 
duration  of  current  flow,  and  in  all  cases 
where  cracks  developed  a  coating  of  rust 
was  deposited  on  the  walls  of  the  cracks. 
The  cracking  of  tlie  concrete  may  possi- 
bly be  explained  by  the  fact  that  the  layer 
of   rust   is   of  rather   loose   consistency,   so 
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that  il>  (Iriwily  i»  \cs»  anil  ii^  vohm 
grruirr  than  llut  of  the  nriKiiial  iiiairn.' 
tlui«  |2>>»iK  ri*i'  til  a  l>iir'>liiiK  t'lin-r  I' 
fact  that  ihr  crack>  arc  iiiainly  ra<|i 
sccnn  ti>  >u|>|ii>ri  thi»  h)|xithc>U. 

Mr     Kiiii>Im>ii'>   rt-Milt>,  ;t«    vncII   as   llio-' 
hrrt-    ili-M-ril>rcl.    imlioatc    i|iii(r    clrarlv    ih.ii 
grt-ai    i-.iiitiiiii    iniiot    Imt    u>ril    in    the   •-■»> 
Mruclion  "l    rfiiiforoul   C'>iuri'ir   ■.tr" 
when-   lh>-   coixlitioiis   arc    ^iiiiil.ir    !■ 
•of  the   test*;    Muh,    for   t\   •■  ■  ■ 
hi-    foiitiil    III   ihr   case   of   I- 
.ir    ...ii.rctc    sewers    ill    tl  , 

iiiled  railway  ciniiii^      l-iirther  m 
^■•ii    Is    nee«le(l    as    t"    tlie    exteiil    i 
whiih  ihe  reinforcement  "f  such  structures, 
when    litiried    in   <laiii|i   or    wet    earth,   may 
part  of  tile  return  circuit  of  trolley 
11(1  also  to  iletermiiie  the  insulatiiiK 
(fit  1 1    '•!    waterprootiii);    iuKredienls    in    the 
concrete       It    is  the  intention  of  the    writer 
to  t;ike   up  these   Mihjects   in   a   further    in- 
vest iitatiiiii.    anil    it     is    to    he    hoped    that 
others  will  also  umlertakc  the  study  of  this 
iinporiant    subject. 


Method  of  Repairing  a   Broken  Pump 

With  Concrite. 

'  oiicrcle  has  hnn  pi:t  to  many  novel 
1  «es.  Few  have  l>een  more  novel,  how 
ever,  than  that  ill'istrated  hy  the  accom- 
|>anyint!  sketch,  reprinteil  from  the  "Amer- 
ican NLichinist  "  The  story  is  that  away 
hack  ill  the  country  a  water  i>o»er  plant 
was  heing  huilt  to  electrify  a  town  down 
the  valley.  A  steam  pump  was  keepiii? 
the  water  out  of  the  excavation  and  an 
unlucky  swing  of  the  derrick  hooni  caused 


Method    of    Repairing    Broken    Air    Cham- 
ber of  a  Pump  With  Concrete. 

a    loaded    liiickel    to    hit    the    air   chamber 
of   the   pninp   and    break    it    off,   as    shown. 
It    was    miles    |o   a    repair    shop   .ind   a    de- 
lay of    several   days    -< 
the    contractor    was    r 

chamber  was  put  Iwck  in  |..-iii  •!.. .|'" 

barrel,  minus  Ixilh  I'.eads.  was  placed  i>ver 
it.  with  a  notch  cut  out  of  one  side  to 
clear  the  discharge  pipe,  holo  and  open- 
ings were  plugged  and  then  the  barrel 
wa<  filled  with  concrete  .Xfter  waiting 
over  night  and  the  next  day  for  tlie  mass 
to  harden,  the  uump  was  started  and  it 
ran  all  right  until  the  work  was  finished 


Kor    the     lei'-yi-.T    ti'Ti.M     from 
l!l"i'  the  ni-mber  of  f.i.l  •,-   n.   ,.. 
of  lielcium,  p'-r  lu.iHHi 
per  annum      In  tlie  ni' 
nuiiilH-r  of  workmen   who  Ii.im 
by   accident    is    one-third    that    i: 
mine* 


l«»l    tr 

il    ttiint-s. 


liarth  and  Rock  Section 


Note:  Thiit  Section  U  devoted  to  niclhiHl-i  and  cost*  of  excavalin;;  earth  and 
rock  and  buiUlln;;  embankments.  It  will  co\er  the  grading  of  roads  and  rail- 
roads, diking  and  canal  work,  dredging,  building  resefMiirs  an  J  earth  dams, 
sewer  and   walcr   pipe  trenching,  quarrying,  etc. 


Methods  of  Driving  Headings  in  Rock 

Tunnels  with  Special  Reference  to 

the  Work  in  the  Loetsch- 

berg  Tunnel. 

BV   \V.    1.     SAINIIKRS. 

( Supplenuiiting  the  coumients  made  by 
.Mr.  Saiuiders  on  the  Loelschberg  Tunnel 
work  we  publish  a  paper  by  .Mr  Walter  I 
.Vims  ilescribing  the  work  in  more  detail 
So  far  as  was  possible  without  destroying 
the  sense  we  ha\e  eliminated  from  Mr 
Saunder^■  paper  all  data  which  are  aU  i 
«i\en    b\    .Mr    .\ims — Kditor  » 

This  paper  deals  sjucitically  with  head- 
ing-driving as  distinguished  from  the 
broader  term  tunnel-driving.  .-V  heading  is 
a  pilot  or  path-linder  for  the  main  tunnel 
Some  headings  are  complete  tunnels  in 
themselves :  that  is,  conditions  at  time- 
warrant  driving  a  heading  the  full  diame- 
ter of  the  proposed  tunnel.  .\  luiinel  I" 
ft.  in  diameter  might  lie  driven  to  advan- 
tage through  a  single  heading,  provided  the 
nature  of  the  material  admits,  but  it  usuallv 
pays  to  drive  rock  tunnels  of  large  diame- 
ter through  the  heading-and-bench  system. 
.Much  depends  upon  the  material,  as  in  soft 
ground  tunnels  of  much  larger  diameter 
are  driven  in  a  single  heading. 

In  mines,  the  tunneK.  drifts,  cross-cuts, 
adits,  etc.,  arc  usually  of  small  diameter, 
hence  ihc  driving  of  headings  applies  to 
Completed  tunnels  in  mining  work,  except, 
of  course,  in  cases  like  drainage-tunnels 
and  main  entries  leading  into  coal  mines, 
where  conditions  call  for  tunnels  of  large 
diameter,  approximating  those  driven  for 
railway  service.  In  building  ac|ueducts  the 
tunnels  are  driven  from  i«  to  S  ft.  in  diame- 
ter up  to  |."i  or  "JO  ft.,  while  in  railway  serv- 
ice the  dimensions  vary  from  18  to  :Vi  ft.  i  i 
diameter. 

There  is  no  department  of  rock-excava- 
Mon  so  difficult  as  that  of  heading  driving. 
This  work  also  belongs  to  the  most  expen- 
sive class  in  rock  excavation.  .\  heading 
is  driven  directly  in  the  solid.  There  arc 
no  lines  of  lesser  resistance  towards  which 
to  direct  the  enerey  of  the  blast,  Init  the 
material  must  be  blown  out  bv  main  force 
The  completion  of  the  heading  simplitie- 
all  the  rest  of  the  work  of  excavation.  It 
is  easy,  for  instance,  to  eiilar>.'e  a  1  eading 
either  from  al>ove,  below  or  on  the  siilc», 
by  breaking  towards  the  open  face  through 
holes  approximately  al  right  ancles  to  thi 
axis  of  the  heading ;  or  the  enlargement 
'iiiles  takes  place  !■>  hole,  driviii  oul- 
1  the  heading  ruiiiiiiig  .ipproviinatel- 
,...!. ..Ill  with  il,  the  fn  k  bring  broken  ini" 
the  heading  .Ml  of  tlii^  is  bench  work,  or 
sloping:  it  iimdxes  litlli  .IifVi.  nh\  .iiid  a 
minimum  of  explosive  i-  >e 

there  is  an  open  end  or  i.i  uh 

the  energy  of  the  blast   is  diuclc.l 

Fig  I  shows  the  usual  arrangement  of 
heading  holes  in  tunnel  ilriving  .\fler 
Ihislmg  Ihe  center  cut  boles  and  the  first 
of  the  side-round  holes.  Ihe  ap|KMrance  "i 
the  heading  in  elevation  will  lie  alMiut  as 
vli.iwii  in  rii.'  2  The  I.ilt*  :  ilUlslralloll 
ill    «ct   ol  I    boles 

wires  ri  II  ing 

<l  frnni  II  |Mi|M-r  r«*n(|  hi   lhf>  New 
■  iiKB.  Kftin-nrv    mo*.  •>(  iIip  Aiiier- 

K.iii   Iiisilliiti-  u(  Mlnlna  KiiMlnrrr* 


il;    .'I  sliows  in  idaii  and  elevation  typi- 


the  holes  can 

rock  may  l)e    i 

pense    |H-r    cubic    yard    than    in   a   ca>c   of 

heading    driving. 

Driving  seems  to  lie  the  fitting  term  to 
use  for  tunnel  construction  liecausc,  from 
the  lifginning  to  the  end.  e\ery  other  con- 
sideration is  sacrificed  to  progress  Ihe 
tunnel  is  worthless  until  completed,  and  the 
capital  involved  in  its  construction  is 
bx'ked  up  and  unprofitable.  During  thr 
construction  of  the  Simplon  tunnel  in  t!ie 
.Mps  nremiiims  were  ofTered  exceeding  $1,- 
(HHi.iHNi  for  increased  speed  in  driving.  This 
tunnel  is  the  longest  railway  tunnel  in  the 
world,  being  I'J.'J-'i  miles  long,  and  it  hold- 
the  record  for  speed  in  heading  progress 

Progress  in  heading  driving  i~  deiKiideiit. 
first,  u|)on  an  efficient  Ixiring  apparatus  and 
system,  and  follmving  closely  u|hiii  I'lU  .^i.l 
of  perhaps  equal  importance,  is  >' 
of  blasting.  The  nature  of  the  r 
great  deal  to  do  with  heading  progress.  .\ 
hard  rock  which  sh.aters  easily  is  usually 
more  favorable  than  a  tough,  soft  mate- 
rial. The  direction  of  the  dip  or  of  the 
cleavage  of  the  rock  has  a  gi>od  deal  to  do 
with  progress.  Fissures,  pressure  in  the 
r.H-k     vv..i.r-l.earing   strata,   heat,  gas,  and 


Fig.   1 — Plan  Showing   Direction  of   Holes 
in  Tunnel   Heading. 

.soft  sjMiis,  resulting  in  falls,  are  hindrances 
to  progress. 

Driving   a   heading   in   solid   rock   is,  of 
course,   primarily   a   job   for   the   riKk-drill. 
Where  the  best    records  are  m.ide  the  nat- 
ural 
imp 
mail., 
The  Ik-si 
fastest,  11 

ly  inituni'  riven  in  head- 

ings are   ■•  '  .ite  depth*,  .so 

that    much    <^>l    llic    tunc    i>    cmploved    in 
changing    ihe   drill    from    one    hole    to   an- 
'      •  tc. 


other,  di 

TlH>      Il 

question   ...     I  ... 
.\n    illiisiralioii   oi 
(laring    the    drilling. 
when  used.   f. 
column  with  t 
of  riH'k  drill  i; 
quarry  bar      I 
ill  average  maii'iil   i 


is    given    to    the 

•ill   is   mounted 

own    by   coiii- 

■  f    .1    m.u  !ii!!, 


trill 
I""  lin 
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ft.  of  hole  in  a  day  of  10  hrs.  This  ma- 
chine, when  mounted  on  a  gadder  frame  or 
quarry  bar,  will  do  350  lin.  ft.  of  hole  in 
the  same  time,  the  difference  being  made 
up,  not  in  the  drilling  capacity,  but  in  the 
facilities  afforded  for  rapidly  changing 
from  one  hole  to  another. 

The  remarkable  records  in  tunnel  driving 
made  by  the  hydraulic  drills  used  at  the 
Simplon  tunnel,  referred  to  later  on  in  this 
paper,  have  always  been  attributed  to  the 
efficiency  of  the  boring  machine.  These 
Simplon  headings  were  driven  at  the  rate 
of  about  20  lin.  ft.  in  24  hrs.,  and  in  hard 


Fig.   2 — Method   of     Shooting      Side      Cut 
Holes  In  Tunnel  Heading. 

rock,  while  American  tunnel-driving  sel- 
dom exceeds  10  ft.  in  24  hrs.,  when  driv- 
ing in  hard  rock,  so  that  here  we  have  a 
difference  of  2  to  1  against  the  American 
system.  It  is  a  common  thing  to  say  that 
a  single  track  railway  tunnel  driven  from 
tw'o  headings  will  progress  at  the  rate  of 
a  mile  a  year.  This  is  our  average  prog- 
ress under  average  conditions.  In  the  Alps 
the  tunnels  are  driven  from  two  headings 
at  the  rate  of  about  2  miles  a  year.  These 
data  are,  of  course,  general,  and  do  not 
take  into  consideration  delays  due  to  falls, 
destructive  pressure  in  the  rock,  hot  water 
streams,  etc 

It  will  be  seen  later  on  that  the  remark- 
able records  made  at  the  Simplon  have 
practically  been  equaled  by  the  work  now- 
going  on  in  the  Loetschberg  tunnel,  this 
latter  being  equipped  w-ith  American  per- 
cussive drills  mounted  on  carriages  similar 
to  those  used  at  the  Simplon. 

It  may  safely  be  said  that  the  discovery 
of  gunpowder,  followed  by  that  of  dyna- 
mite, is  the  greatest  -  invention  that  has 
been  given  us  in  facilitating  tunnel  driv- 
ing. Next  comes  the  power-drill.  In  an- 
cient times  rock  excavation  under  ground 
was  limited  to  hand  tools,  wedges,  etc..  as- 
sisted by  a  system  of  excavation  known  as 
"fire-setting,"  which  consisted  in  heating 
the  rock  and  suddenly  cooling  it  with 
water,   thus   disintegrating  it. 

AMERICAN    TUNNELING    RECORDS. 

The  following  are  some  of  the  best 
.•\merican  tunneling  records,  arranged 
progressively.  In  some  cases  the  records 
are  those  of  complete  tunnels  and  in  others 
of  the  heading  only,  but  as  a  heading  is  in 
itself  a  tunnel  they  may  all  bo  considered 
in  the  same  class  as  records  of  progress.* 
The    figures    represent    monthly    progress : 

Musconetcong,  N.   J..   1S72 144  ft. 

Nesquehoning.    Pa..    1S71 16.o  ft. 

Hoosac.     Mass..     186.5-1S73 IS4  ft. 

Busk.    Colo..    1890-1S93 202.."  ft. 

Stampede.    Wash..    1SS6-1S8S 274  ft. 

Cascade.   Wash..   1897-1900 'SOI  fl. 

Aspen.    Wvo..    1901 Sor.  ft. 

Bitter  Root  Mts..   1908 Stu  ft. 

Kellogg.    Idaho.    1S9S ?,4.".  fi. 

Raton,    Colo..    1907 412  ft. 

Sutro.    Nev..    1869-1877 417  ft. 

New  Croton  Aqueduct,  1887  (in  1  wk.).127  ft. 

Gunnison.    Colo..    1908 449  ft. 

Elizabeth  Lake.   Colo..   1908 4(50  ft. 

•Another  record  for  this  tunnel  is:  Com- 
pleted tunnel,  both  ends.  November,  1899, 
527   ft. 

There   is   some    question    as   to   whether 

•See  Engr.-Contr..  Dec.  9.  1909.  p.  394.  for 
other  American  records. 


the  Sutro  record  is  for  one  heading  or 
two,  so  that  its  place  in  the  list  is  question- 
able ;  also,  notwithstanding  the  mental  al- 
lowance for  the  differences  in  working  con- 
ditions, the  Raton  tunnel  ( Eng.-Contr., 
March  3,  1909)  can  hardh'  be  considered  as 
in  the  same  class  with  the  others,  as  the 
tnaterial,  not  to  call  it  rock,  was  so  soft 
that  most  of  the  drilling  was  done  with 
coal  augurs,  and  a  steam  shovel  was  used 
to  excavate  the  bench.  The  tunnel  was 
finally  lined  with  concrete,  2  ft.  thick. 

The  record  of  the  new  Croton  Aqueduct, 
in  1887,  of  127  ft.  in  one  week,  was  a  delib- 
erate drive  for  one  week  for  the  purpose 
of  making  a  record.  This  was  done  re- 
gardless of  expense  or  the  amount  of  ex- 
plosive consumed.  I  was  on  the  ground 
and  know  that  while  the  figures  represent 
the  true  progress  made,  yet  they  are  relia- 
ble only  in  that  they  show  what  may  pos- 
sibly be  done,  and  not  what  ought  to  be 
done  or  what  can  be  done,  under  similar 
circumstances.  The  week  following  that 
durin.g  which  the  record  was  made  the 
progress    fell    off  about   one-half. 

The  record  of  the  Bitter  Root  Mts.  tun- 
nel, driven  by  Winston  Bros.  Co.,  "is  prob- 


crcase  of  speed  as  the  work  progressed,  as 
shown   below : 

Heading — 

One    end June.  333  ft.  Nov.,  340  ft. 

Both   ends .Aug..  62S  ft.  Nov.,  608  ft. 

Bench — 

One   end Aug  .  41.'  ft.  Nov.,  527  ft. 

Both   ends June.  631  ft.  Nov..  853  ft. 

In  the  west  heading  no  advance  was 
made  for  the  last  six  days  of  November, 
as  a  seam  of  very  wet  running  ground, 
talc,  was  struck,  necessitating  a  change  of 
arrangements.  If  the  rate  had  been  main- 
t.iined  for  these  six  days  the  total  would 
liave  been  674  instead  of  608  ft.,  thus  ex- 
ceeding the  previous  record. 

As  is  to  be  always  remembered,  each  of 
these  tunnels  differs  from  all  the  rest  as 
to  the  conditions,  favorable  or  otherwise, 
^o  that  inferences  from  the  comparing  of 
records  are  not  necessarily  authoritative 
or  final. 

It  happens  that  the  last  two  on  the  list, 
the  Gunnison  and  Elizabeth  Lake  tunnels, 
are  probably  as  fairly  comparable  with  each 
other  as  any,  with  the  interesting  particu- 
lar that  the  two  were  driven  by  different 
and  contrasting  methods.  Both  are  in 
granite  and  about   12  bv   12   ft.   in   section. 


Fig.   3 — Method   of    Enlarging   Tunnel    -iesdinc. 


ably  the  record  rate  of  progress  on  Ameri- 
can railway  tunnels  driven  the  full  width 
of  the  arch  in  hard  rock."  This  tunnel 
was  driven  by  the  regular  top  heading 
system.  The  section  of  the  tunnel  is  rect- 
.mgular  with  semi-circular  roof  arch.  The 
width  is  21.33  ft.;  height  to  springing, 
1.5.25  ft. ;  height  to  crown.  25.92  ft. ;  rock, 
quartzite,  slightly  laminated.  In  the  six 
inonths  beginning  with  June.  1908.  the 
averages  were :  East  heading.  289.3  ft. 
per  month :  west  heading.  281.2  ft. :  both 
headings.  570.5  ft. :  bench,  both  ends,  632.5 
ft  The  average  progress,  both  ends,  for 
the  first  11  months  of  1908  was  537.6  ft. 
per  month. 

This  tunnel  is  timbered  throughout  ex- 
cept for  1,302  ft.  of  the  west  end.  The  sec- 
tion is  18  ft.  6  in.  by  25  ft.  in  the  clear, 
or  inside  the  timber.  Perhaps  the  most 
gratifying   feature  of  the   work  is   the   in- 


The  Gunnison  tunnel  was  made  by  driving 
the  section  one-half  size ;  that  is,  bv  a 
smaller  heading  6  by  12  ft.  The  Elizabeth 
Lake  tunnel  was  driven  full  size  by  the 
lower  heading  method. 

EUROPEAN    TUNNELING    RECORDS. 

Following  our  list  of  Ainerican  high  rec- 
ords we  have  now  a  few  representing  the 
best  European  practice.  These  are  ar- 
ranged progressively,  and  after  the  first 
two  or  three  items  this  list  would  tag  on 
to  the  other,  showing  an  increasing  rate 
from  beginning  to  end  of  the  combined 
record,  only  that,  unfortunately,  these  lat- 
ter records  generally  antedate  or  are  con- 
temporaneous with  the  American.  The 
highest  monthly  records  of  European  tun- 
neling show-  not  only  larger  figures  but  a 
better  maintenance  of  approximately  the 
maximum,  month  after  month.     In  some  of 
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Seven  or   eight  of  the   best   records  are 

••-nrly  alike   that   the   differences   mi^ht 

tie    accounted    for    by    the    varyinc 

.  >>    lit    the    rock    i>r    other    material 

'iidition>.    without    implyinR    anything    as 

•  the  superiority  of  the  apparatus   or  the 
■item  employed  in  either  case. 

The  Simplon  and  the  Loetschberg  tun- 
nels arc  perhaps  the  most  interesting  of  the 
list,  and  they  arc  quite  intimately  related 
til  each  other.  The  Loet-cliliery  tunnel  as 
we  know,  has  had  troubles  of  its  own,  work 
at  the  north  end  being  stopped  absolutely 
after  a  frightful  and  unusual  accident. 
Though  the  line  passed  under  the  Kander 
River,  there  was  0<>0  ft.  of  c6vering  oyer 
the  tunnel  at  this  point,  300  ft.  of  this  being 
known  to  be  bad.  but  the  engineers  seem 
to  have  taken  the  chances  on  the  other  30(' 
It ,  and  the  chances  proved  to  be  deadlv 
certainties  against  them.  The  entire  depth 
caved  in,  forming  a  funnel-shaped  hole 
from  the  bottom  of  the  river,  killing  26 
men.  causing  a  loss  of  all  the  machinery, 
iiid  leaving  a  problem  in  tunnel  work  such 
as.  perhaps,   was  never  encuuntered  before. 

Tl'.e  work  at  the  southern  end  of  the 
tunnel  from  Goppcnstein.  \'alais.  Switzer- 
land, is  still  going  on  at  full  speed,  there 
having  been  an  advance  of  nearly  -.0  miles 
up  to  the  present  time.  Tlic  altitude  of 
the  work  is  about  4.im.I'I  ft.  above  sea- 
■«vel.  The  tunnel  is  built  for  double  tracks, 
with  an  area  of  cross  section  of  j!>2.5  sq. 
feet. 

What  is  known  as  the  Belgian  method  is 

vniplAved  in  driving  the  tunnel,  there  being 
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uprai>c»  arc  10  come,  and  the  track  being 
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•ravels   a   special   c3t.   whieh  enrrirs   a  nor- 


th.- 


1.1 


tiar. 

J  or 

:nd 

<ucd 

>k>ciilH:ti    a>    too 


ing   of   the  drills  .1 
gives  them   all   the    : 
II   holes   usually    r' 

The  original  cai 
for   this   service    iiia> 
much    of   a   good   tliinir.    and   it    was' never 
used.      On   this   ca: 
anced,  vertically  s« 
rying  its  shaft  or  Lii^.w     .w .  .....i  ■■u  i...  n 

of  these  three  or  four  drilK  would  ha\c 
been  mounted.  The  ends  of  these  two  bars 
were  telescoped,  and  it  was  designed  to 
clamp  and  hold  the  bars  in  working  posi- 
tion by  forcing  the  ends  out  against  the 
sides  of  the  heading  by  hydraulic  pressure. 
.\n  important  and  conspicuous  feature  of 
the  car  was.  therefore,  an  air-operated  du- 
plex water  pump  to  furnish  and  maintain 
the  required  pressure.  The  car  actually 
used   was  a  much  simpler  affair. 

This  car  was  built  by  the  Ingersoll-Rand 
Co.  It  carries  imly  a  single  balanced,  ver- 
tically swinging  beam  with  a  single  l>ar 
pivoted  to  swing  horizontally  above  the 
forward  end  of  it,  and  the  bar  is-securcd 
against  the  sides  of  the  heading  by  the 
usual  jack-screws,  so  that  the  water  pump 
is  dispensed  with.  The  bar  is  pivoted 
atiovc  the  beam  so  that  when  the  car  is 
run  backward  or  forward  the  bar  may  be 
swung  around,  above  and  parallel  with  the 
l>eam,  leaving  no  interfering  projections  to 
catch  the  sides  of  the  heading.  Four  3%- 
in.  Ingersol-Rand  drills  are  mounted  on 
the  bar.  each,  of  course,  with  a  separate 
air  connection,  but  all  connecting  by  a 
manifold  with  a  single  hose  at  the  rear  of 
the  car. 

Either  12  or  14  holes  are  drilled  in  each 
round.  These  arc  4  ft.  deep  and  "2  in.  at 
the  bottom,  in  four  vertical  rows,  the 
inner  rows  running  nearly  parallel  with 
the  tunnel  axis  the  same  as  the  rest.  As 
soon  as  the  holes  are  all  drilled  the  bar  is 
swung  around  straight  and  the  car  is  nin 
back  to  the  last  turnout  until  the  blasting 
is  done.  Before  the  blasting,  a  %-in. 
steel  plate,  6  ft.  6  in.  by  3  ft.  3  in.  in  area, 
is  laid  down  just  ahead  of  the  end  of  the 
track,  and  after  the  blasting  is  over  a 
cut  is  quickly  made  through  the  center 
of  the  muck  pile  down  to  the  plate,  and 
the  tunnel  carriage  is  run  forward  on  this, 
the  bar  is  set  again,  and  the  drills  begin 
the  top  row  of  holes.  Mucking  out  con- 
tinues during  the  drilling. 

The  use   of   this    c-irringe    facilitate*   the 
mucking  to   a 
the    blast    in 
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Where  the  rock  drills  arc  muunled  on  a 
bar  carried  by  a  tunnel  carnage  it  is  easier 
to  keep  them  in  condition,  tree  frmn  muck 
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in  all  the  uliicrs.  1  lie  explosive  used  is 
tiO  per  cent  dynamite,  made  at  Brieg.  The 
center  holes  arc  charged  with  2.7  kg.  (6 
lbs.)  each,  and  the  average  total  charge  for 
the  12  or  14  holes  is  ironi  24  to  26  kg. 
(53  to  5"   lbs.).     The   holes   arc   not    vcrv 
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or  froin  18  to  24  ft  per  day.  A  liberal 
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ing,  the  nature  of  the  rock,  and  the  angle 
of  the  liole. 

Other  things  being  equal,  a  deep  hole 
can  be  drilled  faster  than  two  or  more 
shallow  holes,  the  combined  depths  of 
which  are  equal  to  the  deep  hole.  The 
difference  is  made  up  in  the  time  lost  in 
changing  the  mounting,  whether  that 
mounting  be  a  column  or  a  tripod.  The 
deeper  the  holes  are  driven  the  smaller  is 
!he  diameter  of  the  hole  at  the  bottom, 
and  we  know,  of  course,  that  it  is  at  the 
bottom  of  the  holes  that  we  want  the 
greater  amount  of  concentrated  explosive 
force,  and  that  the  larger  the  hole  is  at  the 
bottom  the  better  is  the  effect  of  the 
blast. 

A  theoretically  perfect  hole  would  be 
one  larger  at  the  bottom  than  at  the  ori- 
fice, but  this  is  not  practical  in  tunnel 
work,  hence  we  must  suft'er  the  loss  of 
gage,  and  by  an  excessive  amount  of  ex- 
plosive, by  good  tamping,  and  other  means, 
try  to  make  up  for  this  handicap. 

.■\nother  habit  which  we  have  fallen  into 
is,  that  too  small  a  number  of  holes  are 
inserted  in  the  heading.  This  is  because 
we  have  found  it  difficult  to  make  reason- 
able progress  in  hard  rock  by  drilling  an 
adequate  number  of  holes,  owing  mainly 
to    the    fact    that    the    mounting     must     be 


directed  to  meet  another  hole,  the  two 
Iioles  practically  joining  at  the  bottom, 
forming  a  wedge,  and  acting  to  concen- 
trate the  force  by  means  of  which  the  cen- 
ter cut  is  made. 

This  tunnel  carriage  is  so  simple  and  so 
heavy  that  it  is  practically  indestructible. 

What  we  have  always  understood  as  a 
tunnel  carriage  is  a  cumbersome  affair, 
quite  different  from  that  used  in  the 
Loetschberg  tunnel.  A  carriage  was  the 
first  form  of  mounting  adopted  when  rock 
drills  were  used  to  drive  the  Hoosac  and 
other  .\merican  tunnels.  The  carriage 
usually  occupied  the  entire  area  of  the 
heading,  and  was  a  hindrance  to  progress 
rather  than  otherwise. 

Fig.  4  shows  the  Burleigh  drill  carriage 
used  in  the  Hoosac  and  other  early  tun- 
nels. This  is  the  original  form  of  tunnel 
carriage,  and  attention  is  drawn  to  a  com- 
parison between  the  Burleigh  carriage  and 
that  used  in  the  Loetschberg  tunnel  (see 
Fig.  2  in  Mr.  Aims'  article — Ed.).  The  Bur- 
leigh carriage  occupied  too  much  space 
and  was  too  cumbersome  for  practical  tun- 
nel driving.  It  did  not  afford  facilities 
for  mucking,  and  too  much  delay  occurred 
after  a  blast  before  the  carriage  could  be 
run  close  enough  to  the  heading  for  the 
drills    to    begin    work.       The     Loetschberg 
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Fig.  4 — Tunnel   Carriage   With   Old  Burleigh    Drills. 


changed  from  one  place  to  another.  Hav- 
ing the  habit  of  deep  holes,  we  find  it 
necessary  to  start  them  in  a  certain  par- 
ticular place,  so  that  they  will  bottom  just 
where  we  want  them  in  order  to  "break  the 
ground."  Now,  it  is  just  in  this  that  we 
see  the  disadvantage  under  which  the  col- 
umn system  suffers. 

Having  the  horizontal  bar  used  in  the 
Loetschberg  tunnel  with  four  percussive 
drills  mounted  upon  it,  and  this  bar  being 
practically  balanced  on  a  little  tunnel  car 
riage  and  easily  jacked  in  place  across  the 
walls,  we  begin  putting  in  a  hole  with  eacli 
machine.  If  one  bottoms  its  hole  ahead  of 
the  others  it  is  simply  swung  on  its  radius, 
the  center  of  the  axis  being  the  bar  itself, 
and  another  hole  put  in.  .All  of  these  holes 
are  shallow,  and  being  shallow  they  are 
naturally  of  large  diameter.  One  meter 
is  the  usual  deptli,  or  a  maximum  of  4  ft 
This  is  from  one-half  to  one-third  tlie 
usual  depth  of  hole  inserted  in  a  tunnel 
heading  under  the  .American  column  sys- 
tem :  and  because  the  holes  are  shallow  it 
is  not  necessary  to  start  them  in  so  exact 
a  position,  but  as  long  as  we  have  enou.gh 
of  them,  and  use  plenty  of  dynamite,  the 
rock  is  thrown  out  in  pieces  of  smaller 
size,  and  usually  farther  away  from  the 
face  of  the  heading,  than  where  the  lilast 
is  from  u  deen  hole,  even  though  it  may  be 


machine,  with  its  small  truck  and  short 
wheel  base,  need  not  approach  very  close 
to  the  heading  because  of  its  overhanging 
arm.  The  two  to  four  drills,  mounted  on 
the  single  shaft  carried  bv  the  arm,  are 
quite  sufficient  for  all  ordinary  heading 
purposes. 

The  .Alpine  tunnel  carriage  is  a  little 
truck  with  a  wheel  base  of  only  about  4 
ft.  and  a  gage  on  the  track  which  cor- 
responds to  the  regular  track  used  in  the 
heading  for  conveying  the  material.  It 
consists  of  a  pair  of  axles  with  four 
wheels,  and  a  cast  iron  body  with  a  cen- 
tral support,  on  which  the  I-beam  carry- 
ing the  shaft  bar  is  pivoted.  On  the  oppo- 
site end  of  this  I-beam  is  a  heavy  weight 
by  which  the  bar  is  balanced,  and  by  means 
of  a  vertical  screw  and  a  nut  operated  b\ 
a  hand  wheel  this  I-beam  is  see-sawed  td 
anv   position   desired. 

Next  in  importance  to  the  system  of 
mounting  the  drills  is  the  system  of  blast- 
ing. Because  of  the  larger  number  of 
holes,  the  greater  diameter,  and  because 
the  holes  are  not  directed  on  lines  of  maxi- 
mum breaking  efficiency,  a  great  deal  more 
explosive  is  used  than  in  the  .\merican 
svstem,  but  dynamite  is  cheap — mucli 
cheaper  in  fact  than  time  and  labor.  To 
blast  by  fuse  instead  of  by  electric  battery 
would    seem   to    be   a    step    backward,    and 


yet  in  this  class  of  work  it  has  some  ad- 
vantages. With  the  electric  system  the 
heading  is  wired  and  the  center  or  cut 
holes  blasted  first.  .After  this  the  wires 
leading  to  the  side  rounds  are  connected, 
and  it  frequently  happens  that  the  first 
blast  has  damaged  the  wires  or  has  cov- 
ered them  so  that  considerable  time  is  lost 
in  getting  ready  for  the  side  round  blast. 
Broken  wires  result  in  mis-fires.  The  use 
of  the  time-fuses  means  that  the  whole 
heading  is  fired  practically  in  one  opera- 
tion, though  there  is  a  lapse  of  a  few  sec- 
onds between  the  discharges,  owing  to  a 
difference  in  the  lengths  of  the  fuses,  the 
shorter  fuses  being  connected  witli  the 
center  cut  holes,  and  the  length  of  fuse 
being  increased  in  proportion  as  the  side 
rounds  are  blasted  from  the  center.  Mis- 
fires also  occur  witli  the  fuse  system,  but 
this  is  minimized  by  employing  two  or 
three   fuses   and   caps   in  each  hole. 

It  takes  less  time  to  connect  these  holes 
by  fuse  and  to  fire  them  than  it  does  to 
connect  the  wires,  to  see  that  they  are 
properly  insulated,  to  couple  up  the  leading 
wires,  and  to  discharge  the  battery,  espe- 
cially so  when  through  the  system  of  deep- 
cut  holes  it  is  found  necessary  in  .American 
tunnels  to  blast  the  center  first  and  the  side 
rounds    alternately   afterwards. 

Other  details  of  the  tunnel  work  as  a 
whole  need  not  be  considered  in  the  pres- 
ent paper.  The  upper  heading  is  driven  to 
keep  pace  with  the  lower  one,  but  in  the 
individual  faces  here  the  rate  of  advance 
is  slower.  For  this  work  two  3.o-in.  drills 
are  used  on  5..5-in.  columns,  and  of  course 
fewer  men  are  called  for.  This  heading 
has  a  section  area  of  about  40  sq.  ft.,  and 
the  dailv  advance  of  each  face  is  about 
10  ft. 


An  inland  waterway  project  that  has 
been  under  consideration  for  at  least  15 
years  is  the  construction  of  a  canal  between 
Lake  Superior  and  the  Mississippi  River, 
by  way  of  the  St.  Croix  River.  This  route 
was  investigated  long  ago  by  Col.  Clinton 
D.  Sears,  who  reported  that  a  canal  of 
about  210  miles  length  with  5  ft.  depth  on 
the  sills  of  the  locks  would  cost  about  $(),- 
0(10,000,  and  would  require  about  $.3.50,000 
annually  for  operation  and  mamtenance. 
In  his  opinion  this  canal  was  not  an  urgent 
public  necessity.  The  river  and  halior  act 
approved  last  montli  called  for  a  further 
report  on  the  route,  as  to  wliether  existing 
conditions  render  the  project  feasible  and 
practicable  at  the  present  time.  Accord- 
ingly Lieut.-Col.  Graham  D.  Fitch,  who  is 
in  charge  of  the  LTnited  States  Engineer 
Office  at  Duluth,  has  undertaken  to  gather 
all  possible  information  and  opinions  on  the 
subject,  in  order  that  the  report  may  be  as 
complete  as  practicable.  This  investigation 
is  unique  because  be  has  requested  the 
press  of  !\Iinnesota  and  Wisconsin  to  bring 
the  matter  to  the  attention  of  all  interested 
in  the  subject,  so  that  anyone  affected  by 
transportation  facilities  in  the  district 
served  by  the  proposed  canal  may  have  an 
opportunity  of  presenting  his  views  in  writ- 
ing. 


During  .Sn  years  of  asbestos  production 
Canada,  which  leads  the  world  in  tlie  out- 
put of  this  mineral,  has  produced  $20,000,- 
000  worth,  stated  Geologist  J.  A.  Dresser 
in  an  address  before  the  Canadian  Mining 
Institute  at  Windsor  on  March  •").  In  1878 
the  output  was  50  tons,  while  in  1008  it 
was  (io,.5.34  tons,  worth  $2,.')4T,507.  The 
product  lias  been  hitherto  manufactured  in 
the  United  States  and  Europe,  but  large 
works  for  the  making  of  asbestos  articles 
are  being  installed  in  Canada. 


April 


ENGINEERING- C ON TKAC TING 


VH 


Rapid     Methods    in    Driving    Alpine 
Tunnels. 

BV    tt  ALrKR    1      M  \l  -  V 

Kccortl^    (>i    -'  Tii'd     in     driving 

:   ^l;  tunnel   hr.i  i\    that  the  prog- 

rc4i  made  in  Alpine  tunnels  has  far  ex- 
ceeded the  best  American  recurds,  and  it 
therefore  becomes  a  matter  of  considerable 
importance  to  determine  the  reasons  why 
so   great  a   difference  should   exist. 

The  best  American  record  is  now  claimed 
for  the  Kli/abeth  Lake  tunnel  of  the  I.o* 
Angrles  aqueduct  work,  where  Vki  feet  is 
N^iid  to  have  been  driven  in  a  single  head- 
ing during  Octolier.  19<>'*,  But  even  this 
ri.-..ril    fill,    fir    vhiirr    I  I    ihat    made   .o    ''"• 


I    If  111    i-:n-a    i,\    • 
^c  top  headings  tin 
iun   out   the   tunnel   to   its    < 
carried  on  in  bench   work,  li 
erected  in  the  iMittom  lieatlmg  during   lh< 
later   stages   to   prevent   the   shell   of   rock 
between  the  lop  workings  and  the  bottom 
heading  breaking  through  and  thus  block- 
ing   the    track    below.     As    soon    as   these 
top   excavations    arc    ci.Tiiifiled     with     the 
Itoltom    hcacliiig   the   timlicring    is   reiiu.ve<l 
to    be   Used    again    at    another    point.     The 
sides   arc   then   trimmed   out    and   the   con- 
crete lining  is  placed,  largely  made  up  of 
bcton  or  concrete  blocks  backed  with  con- 
crete. 
There  is  but  a  single  track  in  the  bottom 


Fig.    1— Method    of    Attack 

Simplon  tunnel  in  the  .Mps.  wlurc  i><>  it. 
wa>  driven  in  one  heading  during  July. 
IJKM 

The  writer  has  recently  vi.^ited  the 
Loetschberg  tunnel'  now  being  built  be- 
tween Kandersteg  and  Goppcnstein  near 
the  line  of  the  Gcmmi  Pass,  Switzerland 
It  is  on  the  line  of  the  railway  to  connect 
Berne  with  the  Simplon  tunnel  road  to 
it.ily.  In  this  tunnel  similar  monthly 
progres:  to  that  made  at  the  Simplon  is 
now  being  accomplished,  and  the  results 
of  the  writer's  observations  arc  herewith 
appended. 

This  tunnel  when  completed  will  be 
about  i^H  miles  long.  Near  the  northern 
portal  the  tunnel  passes  under  the  Kander 
Kixer  and  it  is  at  this  point  thai  the  se- 
rious cave-in.  extending  up  to  the  river 
bed,  occurred  last  July.  This  accident  oc- 
casioned the  temporary  abandonment  of 
work  in  that  heading  until  plans  shall  have 
been  decided  upon  for  meeting  this  diffi- 
culty. The  work,  therefore,  is  at  present 
being  carried  on  from  the  southern  portal 
only. 

The  experience  gained  in  driving  the 
Simplon  tunnel  is  being  used  to  a<lvantage 
at  the  I»etschl)erg.  with  the  difference, 
however,  that  while  the  Simplon  was 
driven  with  rotary  drills  of  foreign  manu- 
facture, the  Locts-chberg  is  being  driven 
with  .Xnierican  air  driven  percussion  drills 
made  by  the   Ingersoll-R.ind   Oimpany. 

The  tunnel  is  designed  for  a  double  tr«ck 
railway  ami  ha*  a  cross-sectional  area  of 
about  IK  sf|  yds.  The  Uittom  heading 
method  of  constniction  can  therefore  l>e 
used  to  advantage.  This  iKittom  heading 
is  about  H  ft.  6  ins.  high  by  1^  ft  wide 
Fig.  1.  Every  6<K>  ft.  upraises  are  made 
from  the  bottom  heading  and  a  top  hrad- 

t«S    Bmndwar.    N.    T. 

•U"'prlnt«-<1  from  "Compreiwcd  Air."  for 
K<-tirimr>.    Ii*"» 


and    Se:;uence   of   Operations. 


Iicadiiig  alxiut  °.'  It.  0  in>.  gage,  with  turn- 
outs every  COO  ft.  where  the  upraises  oc- 
cur, the  bottom  heading  being  widened 
out  at  these  points  to  accommodate  the  turn- 
outs. Numerous  chutes  about  2  ft.  square 
are  also  blasted  out  between  the  bottom 
heading  and  the  top  workings  through 
which  the  muck  is  dumped  into  the  trains 
of  cars  in  the  bottom  heading. 

By  this  method  ol  working,  there  is  no 
difficulty  in  keeping  pace  with  ihe  heading, 
and  in  taking  out  the  full  tunnel  section; 
.It  the  same  time  no  delay  is  occasioned  to 
the  heading  operations.  The  speed  of  the 
heading,  therefore,  is  the  speed  of  the  com- 


'ry- 

The  drill  carri.im-.  Via  1  .i  the 
Loetschberg   simi>  -iiiall 

truck  with  a  whed  i'.i^>.  >  ■  .i..<'ui  •  ii.  run- 
ning on  a  regular  heading  truck.  Mount- 
ed on  this  truck  and  hinged  to  swing  ver- 
tically,   i«   an    l-lwam    ri-inf  ircr<I   to   give   it 

lai' end  of  the 

I-l  •  I      We      in 

.\merica  would  call  a  shait  bar,  pivoted  to 
swing  horizontally.  On  the  opposite  end 
of  the  I-beam  is  a  counter-weight.  Four 
drills  '  ■"'.  9A")  are  mounted  on  this  shaft 
liar,  thk  compressed  air  connections  from 
these  dril.s  running  back  to  one  hose  con- 
nection at  i.'*c  rear  of  the  truck.  The  ac- 
companying <.  It  illustrates  the  main  fea- 
tures of  the  d.'ll  carriage.  When  not  in 
use  the  shaft  bin  is  swung  so  that  it  lies 
directly  over  the  1  Seam,  and  the  carriage 
can  then  be  run  anyw.'*erc  over  the  heading 
tracks,  occupying  no  i.'orc  room  in  the 
heading  than  a  couple  of  i.-uck  cars. 

Before  blasting  a  plate  ol  rteel  about  H 
ft.  •!  ins.  long.  ;t  ft.  .3  ins.  wide  ind  %  ins. 
in  thickness  is  laid  down  just  ahr.."*  of  the 
end  of  the  track,  .\fter  the  blasi<"g  is 
over,  a  cut  is  quickly  made  through  the 
center  of  the  muck  pile  down  to  this  si."*l 
plate  sufficiently  wide  to  allow  the  arm  of 
the  drill  carriage  to  introtluce  the  bar  car- 
rying the  drills  into  the  top  of  the  heading, 
the  drill  carriage  running  on  the  steel 
plate  laid  down  ahead  of  the  track.  The 
l>ar  is  then  linnly  jacked  against  the  sides 
of  the  heading  and  drilling  immediately 
begins  on  the  top  holes.  .Mucking  out 
then  cfntinucs  during  the  drilling. 


Fig.  2 — Drill   Carriage   Used   in    Heading. 


plelcd  tunnel  and  hence  it  is  the  methods 
used  at  the  heading  upon  which  the  main 
interest  centers. 

The  secret  of  the  great  speed  in  these 
.-Mpine  tunnel  headings  appears  to  be  that 
a  very  careful  study  I'.'i-  l>eeu  made  of  the 
various  causes  of  delay  in  the  successive 
operations  of  drilling,  blasting,  mucking 
out,  and  setting  up  the  ilrilU  again,  with 
the  result  that  a  radically  different  method 
of  mounting  the  drilU  in  the  heading  has 
been  employed  and  also  that  a  difTrrent 
system  of  blasting  is  used  from  that  prac- 
ticed in  .'Xmcrica. 

In  the  mounting  of  the  drills,  the  return 


On  account  of  the  drills  remaining  on 
Ihe  drill  carriage  at  all  times  with  the  air 
connections  at  the  drill  undisturbed,  there 
is  little  chance  for  dirt  and  grit  to  gel  into 
the  working  parts  of  the  drill  and  so  im- 
pair its  efficiency.  The  drills  are  of  large 
size,  having  a  piston  diameter  of  ^%  ins 
and  are  deoignated  in  the  catalog  of  the 
niaiiufaciurer  as  "F-IM." 

There  are  from  'i  to  4  holes  drilled  in 
etch  roumi  for  taking  out  the  heading 
These  holes  have  a  depth  of  \  ft.  and  are 
2  ins  in  diameter  at  the  bottom.  They  are 
arranged  in  four  vertical  rows,  the  two 
center   rows   corresponding   to   our   center 
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cut  and  two  outer  rows  to  the  side  round. 
The  two  center  rows,  however,  are  not 
pointed  to  form  a  V  as  is  the  custom  in 
America,  but  are  run  in  more  nearly  per- 
pendicular to  the   face. 

The  rock  so  far  encountered  varies  from 
granite  to  gneiss  and  is  hard  drilling.  The 
compressed  air  for  the  drills  is  furnished 
by  two  Ingersoll-Rand  compressors  of  the 
cross-compound  two  stage  type,  electrically 
driven  and  giving  a  pressure  of  from  90  to 
lOi)  pounds  per  sq.  in.  at  the  drills. 

As  soon  as  the  round  is  all  drilled,  the 
drill  carriage  bearing  the  four  drills  is 
run  back  to  the  last  turnout  and  blasting 
begins.  Blasting  at  the  Loetschherg  tun- 
nel is  done  by  the  fuse-and-cap  method  of 
exploding  the  charge.  All  of  the  holes  are 
loaded  and  the  fuses  of  all  of  them  are  ig- 
nited at  the  same  time,  but  by  a  careful 
regulation  of  the  length  of  these  fuses  a 
series  of  minor  explosions  occurs,  so  ar- 
ranged that  all  of  the  center  holes  are  ex- 
ploded before  the  side  holes. 

More  pow'der  must  necessarily  be  used  in 
firing  in  this  manner,  but  the  advantages 
gained  are  as  follows :  less  time  is  con- 
sumed in  blasting;  the  rock  is  broken  up 
more  uniformly;  and  the  efifect  of  the  blast- 
ing is  less  severe  on  the  track  than  when 
the  system  of  electrical  firing  is  employed. 
There  is  one  drawback  to  this  method  of 
firing  by  fuse-and-cap,  viz.,  the  danger 
arising  from  missed  holes.  An  attempt  is 
made  to  minimize  this  danger  by  employing 
two  fuses  in  all  holes  except  those  at  the 
bottom,  where  three   fuses  are  introduced. 

The  work  at  the  Loetschberg  is  carried 
on  in  three  8-hour  shifts  and  each  shift  is 
expected  to  drill  two  rounds  and  to  shoot 
twice,  making  about  7  ft.  per  shift,  or  21 
ft.  per  day.  A  liberal  bonus  is  paid  to  the 
men  for  all  speed  made  above  a  certain 
rate.  The  workmen  are  Italians,  nearly  all 
from  the  Northern  provinces.  The.  follow- 
ing table  gives  the  approximate  time  for 
the  various  operations  in  the  heading: 

Setting  up  drill  carriage  in  tlie 

heading 20  minutes 

Drilling  12  or  U  holes HO 

Removing    drill    carriage     from 

the   heading    20        " 

Loading  and  firing  the  holes...  30       "    , 

Clearing  out  the   smoke 20       " 

Making  cut   through   center    of 

muck   pile   for   carriage f)0 

Total   240  minutes 

or  4  hours 

[There  is  no  doubt  that  the  Alpine  tun- 
nels have  been  driven  at  a  -much  faster 
monthly  rate  than  American  tunnels,  but 
the  heading  work  in  the  European  tunnel 
is  nominally  doubled,  and  American  con- 
tractors and  engineers  will  want  to  know 
the  comparative  costs  of  the  two  methods 
before  changing  from  their  own  practice. 
However,  some  European  methods  and  de- 
tails can  be  adapted  to  our  own  practice. — 
Editors.] 
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Note :  This  Section  is  devoted  to  methods  and  costs  of  road  and  street  con- 
struction. It  will  cover  road  building  in  all  its  details,  the  construction  of 
pavements,  sidewalks  and  gutters,  the  testing  and  use  of  paving  materials  and 
the  machinery  and  tools  used  in  road  building  and  paving. 


A  Lowf  Cost    of    Crushing    Stone  For 
Street  Work. 

BY    W.    .\.    GILLETTE.* 

It  may  be  of  interest  to  builders  of 
macadam  roads  or  crushers  of  stone  to 
know  how  cheaply  the  work  can  be  done 
with  a  good  small  plant  and  when  the  su- 
pervision of  the  plant  is  intelligently  ad- 
ministered. My  experience  in  the  above 
class  of  work  leads  me  to  believe  that 
few  plants  of  a  capacity  similar  to  the 
one  which  shows  the  output  I  will  give 
below  are  giving  such  satisfactory  results. 
The  plant  m  question  is  owned  by  the 
City  of  Ventura,  Cal.,  and  the  rock  is  used 
in  the  construction  of  Petrolithic  macadam. 

The  engineerin.e  of  the  entire  work  has 
been  done  by  J.  B.  Waud.  and  Mr.  James 
M.  Montgomery  is  the  contractor.  Mr. 
Montgomery  has  an  exceptionally  fine  lot 
of  stock,  and  the  organization  of  his  work 


two  wagons  and  drivers  being  used  for 
this  purpose. 

Eight  laborers  are  used  to  load  the  cob- 
bles into  the  wagons ;  three  men  and  the 
foreman  do  the  work  at  the  crusher  and 
bins.  The  power  to  operate  the  crusher 
is   electricity. 

Five  teams  and  drivers  with  dump  wa- 
gons holding  2  cu.  yds.  each  haul  the 
crushed  stone  to  the  streets. 

On  this  particular  day  all  of  the  crushed 
stone  was  hauled  %  mile  and  the  screen- 
ings were  hauled  1%  miles.  The  wagons 
were  heaped  up  so  that  they  reached  the 
street  more  than  full.  A  good  part  of 
this  haul  was  over  very  rough  roads,  so  the 
rock  was  well  settled  in  the  wagon  boxes. 

The  wages  paid  are  as  follows : 

Two-horse  team,  wagon  and  driver,  $4..50 
for  9  hours. 

Foreman,  $4  per  day. 

Laborers.  $2  per  day. 


Stone   Crushing   Plant  for  Street  Work,  Ventura.  Cal. 


is  about  as  near  perfection  as  it  could  be. 

While  looking  over  the  work  at  Ven- 
tura the  writer  took  occasion  to  make  an 
inquiry  regarding  the  cost  per  cubic  yard 
for  stone  delivered  on  thp  street.  This 
question  was  brou.ght  about  from  the  fact 
that  the  work  w-as  being  done  at  an  ex- 
ceptionally low  cost,  and  it  was  hard  to 
understand  just  why  the  cost  was  so  much 
less  than  that  of  other  similar  construc- 
tion. 

I  was  told  that  the  cost  of  the  rock  de- 
livered on  the  street  was  something  less 
than  60  cts.  per  cubic  yard.  It  hardly 
seemed  possible,  when  it  was  known  that 
the  average  haul  from  the  crusher  to  the 
work  was  about  a  mile,  while  the  tough 
cobbles  which  are  being  crushed  are  gath- 
ered on  the  ocean  beach  and  hauled  in  I%- 
cu.  yd.  dump  wagons  to  the  crusher,  a  dis- 
tance  of   about    1,.500    ft.,   two   teams    with 


•7R4    Pacific    Electric-    Bklg..    Los    Angeles, 
Calif. 


The  following  is  an  itemi.-ed  statement 
of  the  9-hr.  day's  work : 

One    foreman,    at    $4. no    per    day $4.00 

Eleven  laborers,  at  $2.nO  per  day. 22.00 

Two  teams   hauling   cobbles  to   crusher, 

at   $4.30   per   day 9.00 

Five    teams    hauling    crushed    stone    to 

street,   at    $4.30   per   day 22.50 

Electric  power.   67  U.w.   hours.,   at  3   cts.  2.00 
Engine    oil    1.00 

Total $60.50 

The  total  output  for  a  large  day's  run 
was  132  cu.  yds.,  as  measured  in  the  wagon 
boxes  at  a  cost  of  $60.50,  or  4.5.8  cts.  per 
cu.  yd.  delivered  on  the  street,  exclusive 
of  plant  interest  and  depreciation.  The 
plant  cost  $3,000.  It  consists  of  a  No.  3 
Austin  gyratory  crusher,  having  two  8%x 
24-in.  openings,  driven  by  an  electric  mo- 
tor. 

Where  the  rock  was  crushed  so  that 
all  of  it  would  pass  through  a  2-in.  ring 
the  average  output  was  90  cu.  yds.  per 
9-hr.  day,  or  67  cts.'  per  cu.  yd.  for  labor, 
hauling  and   power. 
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Cost  Per  Mile,  Per  Cent  of  Engineering 
Expenses    and  Bidding  Prices  on 
State  Aid   Roads  in  New- 
Jersey  in   1908. 

1'    :    :  i;     IIXW    a    li'tal    ■  uuli^,    o! 

iiii;r    •. .  ■!    ri>ail«    wfre  in    N'ew 

JcrM>  under  llic  Stale  .\i,l  Uiw  The 
acr'>iii|>aii>inK  lalmlation  com|iiIril  iroiii  the 
rrjMrr    ■•!    l!lr    St.Hr    r.M  r    of    I*ul>- 

lic  k.';i.!-  i.r   1'.''^'.  -I'  ■   !>T  mile 

the   per  cent   of  e:  .  per 

cent   supervisor'*   >  .rices 

on  the  principal  itelIl^  ior  each  01  the  roads. 
It  will  l)e  noticed  that  the  cost  per  mile 
of  •>  in.   U   ft    in:i  ■. 

$i;,71<   ti.   $i;t.tMtl.   : 

SS.^ii*".  Thi?  tost  pir  Hill  ::icU;iU5  exca- 
vation, ilrains,  etiKinccriiiv;  i  xinnses.  su- 
pervisor's salary  and  extras  The  super- 
visor, by  the  way.  is  an  official  a|>|)ointcd  by 
the  county  to  superintend,  oversee  and  di- 
rect the  work  The  covt  per  mile  for 
gravel  roads  varied  from  S2,44tJ  to  $8.3.>t. 
The  cost  per  mile  for  an  8  in..  Iti  ft.  wide 
telford  road  varied  from  $7..>.>1  to  $I9,3!>7. 
this  latter  price  bcinR  on  a  road  less  than 
a  mile  long  and  requirini;  over  ■24.l'O0  cu. 
yds.  of  excavation.  The  average  cost  per 
mile  for  an  8  in  .  Hi  ft.  wide  telford  road 
was  about  $8.<!9o. 

The  per  cent  of  engineering  expenses  to 
total  cost  of  road  varied  from  4."  per  cent 
to  13  per  cent,  the  average  being  almut  3. J 
per  cent.  The  per  cent  of  supervisor's 
salary  to  total  cost  of  road  varied  from 
8.1  per  cent  to  1  per  cent,  the  average  be- 
ing alwiiit  "2  ■")  per  cent. 
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The  Theory  of    Economic    Road    and 
Street  Design  and  Location. 
(Ill  I 
{.list  of  h'ffdiHg  j«(i  (>/■ 
The   average    work    horM 
40  lbs.  of  food  per  day  duriiiK   il>e 
ing   season,   almiit    half   "f   «^m<!i    i^ 
ly  hay  and  half  grain        I 
typical   daily    food   allc^ai 
horse : 

No.    1 
V»  bu    (22  lbs.)  oats, 
IX  lbs.  hay. 

No.  2. 
\     bu.  oats   (11   lbs  ). 
l-fi  bu.  com  on  car  (12  lbs  ). 
IT   lbs.   hay. 

No.  3. 
12  lbs.   rolled   barlev 
I  Ml   lbs    oats. 
K  lb.  bran. 
•-'fi  lbs.   wheat  hay. 
Since   the   prices   of  hay.  oats,  etc..   vary 
considerably  in  diflFerent   parts  of  America, 
the  engineer  must  make  an  estimate  of  the 
cost  of  feeding  horses  in  the  locality  where 
the  road  is  located.      To  do  so  he  should 
ascertain  the  average  market  price  of  fod- 
der   in    the    given    locality   and    deduct    the 
cost   of   hauling   it   to  market,   in   order   to 
arrive   at   the    value   of   the    fodder  on   the 
farm.       .An    example 
nutliod  of  procedure: 


will    illustrate    the 


P<-r  horse, 
per  day 

»1).1T 

.09 


'*•    Im.    '-J    Ut>.  t    <Htl>.   iiL    I.-, 

IS  lbs.   hay.   at   »I0  tm 

1%  lbs.  Ktraw  for  beddlPK.  at  IS  ton 01 

Shoeing     03 


.ay 
ib- 


.ite 

-H 

or 

.    .._.  •■•tal 

cost  of  maintenance  for  the  year  is: 

2«0  days  at   JO  cu  i:s  o.. 

IDS  days  at   11   cu 

Tnial    for   3«.'i    da>  -  ..  - 

As   we   have   previouslv   seen,   the  num- 

•      "  -■     ' "•    less 

'CS 

-    .    jr»r 

■er  day  under  the 

in  addition  to  the  item  >.f  feeding  we 
have  interest  and  depreciation.  .Assuming 
that  a  horse  can  be  bought  for  $200,  and 
tliat  its  depreciation  is  10  per  cent  per 
annum,  we  have: 

I'er  year. 

I'JOO  at  0  per  c<>nt   lllt(•re^t  flS.OO 

200  at    10  per  cent  dcpreciatlou 20.00 

Total    for    365    dnyii UI.OO 

If  200  days  of  the  year  are  worked,  then 
this  cost  of  interest  and  depreciation 
amounts  to  16  cts.  per  horse  per  day 
worked. 

Summarizing,  we  have  the  cost  of  a 
team,  driver,   wagon   and   harness: 

Per  day  worked- 

FpM  fnr  ;  hnro"^  at  Sft  elx     II. OO 

I  ■  at   1«  ct»     .3: 

■n    u-ni^nn 

10 

l'iiv<r  l.M 


Total,    per  day  of  working  season.. $0.30 
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14 

4.97 


U.9U 

:t.i2 
9.00 

2.3S 
3  40 
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I  47 
1  30 
IS 
99 
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l.Ou 
1.12 
17.-. 
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.'.so 


Cost 
Per 
Mile. 

12.675' 
6.748 

.;  ..  I  1 

.>.4ol 
7.S77 
9.872 
3.136 
1.825 
7.517 
8.291 
7.554 
S.1I4 
19.397 
10.820 
■•  41*5 


Pet. 

Eng. 
Exp. 
4.6 
4.7 
•4.6 
2.9 
4.5 
4.6 
1.9 
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4.3 

3.3 
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Salar}'. 
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The  driver  is  often  paid  a  certain  wage 
per  month  "and  his  hoard."  In  which 
case  an  estimate  inay  be  made  to  arrive 
at  the  real  wage  per  day  actually  worked. 

Tlic  I'alite  of  Farm  Team  Time  Is  Inde- 
pendent of  Season. — On  page  1(3  of  his 
"Roads  and  Pavements,"  Baker  says ; 

riie  great  bulk  of  the  hauling  is  done 
when  the  farmer  has  little  or  nothing  to  do. 
*  •  *  and  in  this  case  the  cost  is  merely 
nominal. 

In  this  statement  we  find  an  example  of 
sophistry  that  deserves  careful  considera- 
tion, for  if  team  time  is  valueless  after 
the  crops  are  harvested,  it  is  almost  idle 
to  attempt  to  apply  any  economic  theory 
to  road  location  and  design.  Indeed,  we 
must  then  agree  with  Baker  that  "Any 
considerable  expenditure  for  the  improve- 
ment of  rural  highways  cannot  be  justi- 
fied on  financial  .grounds  alone."  And 
we  must  also  agree  with  Engineering 
News  (Apr.  25,  IflOl.  p.  305)  that  no  com- 
munity should  issue  bonds  for  road  build- 
ing, and  that  "state  aid"  in  road  building 
is  an  economic  mistake. 

Baker  states  that  the  great  bulk  of  the 
hauling  is  done  "when  the  farmer  has  lit- 
tle or  nothing  to  do,"  and  then  the  il- 
logical inference  follows  that  when  the 
farmer  does  do  something  (hauling),  the 
time  spent  in  doing  it  has  no  measurable 
value.  In  brief,  according  to  this  view, 
any  time  spent  in  hauling  is  regarded  as 
just  so  much  time  rescued  from  idleness. 
The  redtictia  ad  absiirdiim  follows  by  ask- 
ing why  the  spring  plowing  is  not  also 
just  so  much  time  likewise  rescued  from 
idleness,  for  then  the  reply  is  made  that 
spring  is  a  busy  time  for  farm  teams, 
whereas  there  is  abundance  of  team  time 
in  the  fall — more  than  the  farmer  knows 
what  to  do  with.  There  is  a  subtle  soph- 
istry in  this  argument  that  has  deceived. 
eveii  so  able  an  engineer  as  Baker.  Let 
us,  therefore,  examine  the  argument  with 
care. 

It  is  assumed  that  for  six  or  seven 
months  on  a  farm  all  teams  are  kept  quite 
busy  plowing,  harrowing,  planting,  culti- 
vating and  harvesting.  Then,  it  is  as- 
sumed, comes  an  "idle  period"  of  several 
weeks  or  months  that  is  much  more  than 
ample  in  which  to  do  all  the  hauling,  and 
that  if  3  tons  cannot  be  hauled  per  load, 
no  real  loss  is  incurred,  for  by  making 
twice  as  many  trips  with  iVz  tons  per  load 
the  entire  crop  will  be  readily  harvested 
anyway.  The  assumptions  upon  which 
this  argument  rests  are  fallacious  in  two 
respects:  (1)  Because  the  hauling  time  is 
not  confined  entirely  to  the  fall  season ; 
(2)  because  even  in  the  fall  season  the 
teams  can  be  profitably  employed  at  work 
on  the  farm. 

The  greatest  single  crop  is  grain,  which 
is  harvested  in  the  fall,  but  the  magnitude 
of  other  crops  must  not  be  overlooked. 
P'or  every  100  bushels  of  wheat  harvested 
in  America,  there  are  40  bu.shels  of  pota- 
toes,  and   potatoes    are    not   a    fall    crop. 

Baker  has  reasoned  that  the  vegetable 
and  fruit  crop  is  relatively  small,  because 
the  U.  S.  Census  shows  that  less  than  2 
per  cent  of  all  the  farmers  specialize  as 
gardeners,  fruit  growers,  nurserymen,  dai- 
rymen, vine  growers  and  florists.  He  over- 
looks the  fact  that  practically  every  farm- 
er raises  some  vegetables  and  fruit,  al- 
though the  farmer  does  not  specialize  in 
that  line,  and  is  therefore  not  among  the 
2  per  cent  given  in  the  Census.  Baker's 
error  is  well  brought  out  by  the  following 
facts: 

The  annual  reports  of  the  Interstate 
Commerce  Commission  give  the  number  of 
tons  of  each  class  of  produce  hauled  an- 
nually by  the  railways.  According  to 
lh<-    r!l(i4' report.   .30..">00,0no    tons   of   grain 


and  8,00il.00U  tons  of  vegetables  and  fruit 
were  hauled  by  rail. 

Clearly,  the  hauling  of  vegetables  and 
fruits,  which  occurs  at  all  seasons  of  the 
year,  is  even  now  a  very  large  part  of 
farm  work,  and  where  good  roads  are 
Drovided  it  becomes  far  larger.  Therefore, 
the  first  assumption — that  all  hauling  is 
done  during  the  late  fall  season — is  so  far 
from  the  truth  as  to  be  entirelv  untena- 
ble. 

The  second  assumption — that  there  is  a 
special  hauling  season,  or  "idle  period" — 
rests  largely  on  the  first  assumption,  but 
as  a  matter  of  fact  there  is  no  fall  "idle 
season"  when  hauling  is  done. 

At  the  very  time  that  much  of  the  haul- 
ing of  fall  crops  to  market  is  under  way 
the  teams  could  be  profitably  employed  in 
many  other  ways,  such,  for  example,  as : 
Hauling  and  spreading  fertilizer,  fall  plow- 
ing and  harrowing,  hauling  public  road 
materials  and  working  on  private  farm 
roads,  hauling  materials  for  building  per- 
manent structures  of  concrete  (fences, 
silos,  buildings,  etc.).  hauling  materials  for 
tile  drains,  etc.  The  average  American 
farm  does  not  yield  half  as  much  wheat, 
for  example,  as  it  could  produce  if  more 
labor  were  expended  in  preparing  the  soil 
liy  tillage  and  fertilizing.  In  England 
each  acre  sown  to  wheat  average  almost 
30  bushels  produced,  or  nearly  twice  the 
American  average.  This  greater  product- 
iveness is  due,  in  part,  to  greater  labor  ex- 
pended in  preparing  and  tilling  tlie  ground, 
and  in  part  to  more  extensive  use  of  fer- 
tilizers, both  of  which  involve  more  team 
work. 

With  improved  highways  there  is  a 
greater  demand  for  the  teams,  rather  than 
less,  for  larger  crops  and  bulkier  crops 
can  then  be  raised.  Sugar  beets,  for  ex- 
ample, yield  18  tons  to  the  acre,  and  must 
be  harvested  in  September.  Speaking  of 
tlie  sugar  beet  crop,  one  authority  says : 

"The  intxpedience  of  withdrawing  the 
Horsepower  of  the  farm  from  its  other  urgent 
worit  at  the  stason  most  suitable  for  deliv- 
ering these  roots  to  the  sugar  maker,  pi-e- 
sents  at  present  a  serious  hindrance  to  tlie 
cultivation    of    this    crop." 

Obviously  the  hindrance  increases  with 
the    resistance   opposed   by   poor   highways. 

There  is  not  a  period  of  the  whole  work- 
ing season,  whether  it  be  in  the  early 
spring  or  the  late  fall,  when  farm  teains 
cannot  be  put  to  useful  work  on  any  well- 
managed  farm.  Hence,  it  is  evident  that 
only  false  reasoning  can  lead  to  the  con- 
clusion that  a  team  day  at  one  time  of 
the  working  season  is  worth  less  than  at 
another   time. 

We  reserve  for  later  consideration  the 
fact  that  a  properly  built  highway  greatly 
lengthens  the  working  season,  but  our 
present  object  is  to  inake  it  clear  that 
the  value  of  a  team  day  spent  in  hauling 
at  any  season  of  the  year  is  as  great  as 
when  spent  in  plowing,  harrowing,  cul- 
tivating or  harvesting.  Sound  reasoning 
can  lead  to  no  other  conclusion,  although 
a  superficial  and  sophistical  consideration 
of  the  subject  may  have  deceived  many 
farmers    and   a    few    engineers. 

Cost  of  Hauling  Per  Ton-Mile. — Having 
estimated  the  cost  per  team  per  day  work- 
ed, the  next  step  is  to  estimate  the  num- 
ber of  tun-miles  that  a  team  will  perform 
under  the  existing  or  under  the  assumed 
conditions. 

On  level,  dry  earth  roads,  2  tons  is  :\ 
very  heavy  load  for  a  team  to  haul,  and 
9  miles'  travel  with  a  load,  returning  !) 
miles  without  a  load,  is  a  good  day's  work. 
This  is  eriuivalent  to  18  ton-miles  of  use- 
ful hauling  per  day.  More  frec|uentl\' 
the  load  is  1%  to  1%  tons  on  a  good  earth 
road,   and   the  day's   work  is   15  ton-miles. 

On  level,  well-kept  macadain,  fully  twice 


as  great  loads  can  be  hauled  as  on  earth. 
Both  dynamometer  tests  and  actual  experi- 
ence have  proved  this  ratio  of  2  to  1  to 
be  about  the  average.  The  writer  has 
never  been  able  to  get  his  teams  to  aver- 
age more  than  2  tons  on  good  earth  roads, 
but  has  had  the  same  teams  average  4  tons 
on  good  macadam,  and  even  5  tons  where 
heavy  horses  and  wagons  with  large  wheels 
were  used.  Moreover,  a  greater  distance 
can  be  traveled  on  a  paved  road,  20  to 
24  miles  being  a  fair  day's  work.  Hence, 
40  ton-miles  can  be  secured  on  a  level, 
paved  road,  the  load  being  hauled  only  one 
way  on  the  round  trip.  However,  allow- 
ing for  dirty,  ill  kept  pavements,  it  is  safe 
to  say  that  only  30  ton-miles  can  be  easily 
averaged. 

Therefore,  in  the  case  of  dry  earth  roads 
the  cost  is  20  cts.  per  ton-mile,  when  the 
wages  of  a  team  and  driver  are  $3  a  day: 
and  on  a  paved  road  in  poor  condition 
the  cost  is  10  cts.  per  ton-mile  for  the 
bare  cost  of  hauling,  no  allowance  being- 
made  in  either  case  for  interest,  repairs, 
depreciation,  etc.,  on  the  road  itself. 
(To   Be   Continued.) 


A  special  meeting  of  the  members  was 
held  on  .\pril  21  at  the  house  of  the  Amer- 
ican Society  of  Civil  Engineers  in  New 
York  for  the  purpose  of  discussin.e  various 
methods  of  constructing  roads.  The  con- 
struction of  macadam  roads  with  a  bitu- 
minous building  inaterial  was  discussed  at 
some  length.  Following  out  this  confer- 
ence a  resolution  was  passed  at  the  ses- 
sion of  the  American  Society  of  Civil  En- 
gineers on  the  evening  of  April  21,  re- 
questing the  Board  of  Directors  of  the 
Society  to  appoint  a  special  committee  to 
report  on  bituminous  materials  for  use  in 
road  construction  and  on  standard  meth- 
ods for  testing  and  using  them. 


The  State  Legislature  of  Pennsylvania 
has  passed  a  bill  providing  for  the  con- 
struction of  a  highway  from  Philadelphia 
to  Pittsburg  b\-  way  of  Harrisburg.  The 
road  is  to  have  a  20  ft.  carriageway  of 
macadam  and  a  complete  w-idth  of  54  ft 
in  cities  and  ()0  ft.  in  the  country.  The 
route  is  to  be  selected  by  the  Governor, 
State's  Attorney  General  and  the  State 
H  igh  way  Commissioners. 


In  the  concrete  work  at  Gatun  locks  and 
spillway  of  the  Isthmian  Canal  3.T5(^  barges 
of  crushed  rocks,  each  barge  carrying  ()00 
cu.  yds.,  will  be  used.  The  sand  required 
for  this  work  would  fill  1.875  barges  of 
that  capacity.  Each  barge  is  150  ft.  long 
and  they  are  towed  with  a  distance  of  1,20() 
ft.  between  the  tug  and  the  first  barge  and 
between  each  of  the  barges. 


The  Brazilian  government  has  had  plans 
prepared  for  a  dam  at  Japy,  on  the  limits 
of  the  states  of  Parahyba  do  Norte  and 
Rio  Grande  do  Norte,  to  establish  a  res- 
ervoir for  the  use  of  the  lOO.ddO  people  in 
that  drought-stricken  country.  The  dam 
will  be  constructed  between  two  rocky 
mountains  and  the  reservoir  will  extend 
back  about  14  miles,  having  a  capacity  of 
o\er    132,0(10,0(1(1   gallons. 


Roads  are  being  made  of  sawdust  in 
Florida.  Two  ridges  of  earth  are  thrown 
up  with  a  road  machine  at  the  required 
width  from  each  other  and  the  space  be- 
tween is  filled  with  sawdust.  This  is  fol- 
lowed with  a  smaller  inachine  which  plows 
up  and  ini.xes  the  earth  with  the  sawdust. 
The  roads  are  stated  to  cost  $207  per  mile. 

The  gold  production  of  Australasia  for 
1008  amounted  to  3,.")52.325  fine  ounces. 
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Vote:    I  hi»  section  is  dc%oifd  |o   methods  and  ti>»t  articlc!«  on  construction 
work  nol  pro(>crl\  coniiiig  iindir  jiii>  ■>(  (he  prcttdiiii;  i.las>ifi>.alinns. 


Methods  of  FielJ  Work  in  Connection 
With  Caisson  Sinking. 

MV    II     VAN     l>K    (*KVN  • 

Tlii>  aniclc  will  l.ilcc  up  llic  lii-l<l  worV 
i|i>iir  ii\  OKiuirctiiin  with  llu-  >iiikiiiK  «(  <!><' 
t..i-..in  of  Pirr  '-'  of  the  K:iw  RiviT  liridKc, 
>i\tli  Street  viaduct,  in  K:iii>as  City,  M<« 
\\  ..Idell  &  Hetlrick  were  llu-  i.'nnstiltiii(>  en 
..■•  ir>.  K  Iv  Howard  wa-  n-^ideiit  run'- 
ii.  .r.  and  the  writer  priiuipal  a>->i>lam 
tiiKincer  ri'c  suhstriictiire  work  wa>done 
li>    Kahniaiin  &  McMiirrny,  eoiuraelors 

.MellioiU  of  triaiiKulatioii  for  pier  loca- 
tion and  deM"riptii'n>  of  caisson-i  in  gen- 
eral can  Ik-  found  in  text  iMJoks  and  engi- 
ncerinR  literature.  Therefore,  in  this  ar- 
ticle these  subjects  will  lie  touched  up<in 
only  in  a  general  way,  hut  the  work  suh 
sequent  to  the  triangulation  will  be  treated 
more    fully. 

Triannuliilion. — The  main  base  line  wa< 
laid  on  llie  adiacent  Chicago  (Ircat  Western 
K.ii!  '  '  '^'  The  line  was  run  on  the  top 
..i   •  lli-l  toandjust  oul->ideof  thi- 

tra^.^  .:•.■.  ..11. led  back  to  intersect  with 
till  l.riclv:i  i:iiik;riit  In  ibis  line  a  holc 
w.is  piinchid  111  llie  top  llaiige  of  the  end 
rto<ir  beam  at  the  fixed  end  of  the  first 
and  third  span  of  the  bridge.  For  the 
■<.-ike  of  convenience  call  the  intersection 
.••  base  and  line  and  bridge  tangent  ./.  the 
tir»i  punch  bole  H.  and  the  second  puncli 
hole  C.  Distances.!/?  and  BC  were  meas- 
ured with  K'lse  line  accuracy  and  llie  angb- 
ai  .  /  determined  The  distance  A  H  was 
found  to  be  •-'II'.VIJ  ft    and  H  C  4iHiti.-.ii  ft 

The  Kaw  liridge  consisted  of  two  span-, 
each  of  alxiut  :*<>"i  It.  length.  Pier  1  and 
Pier  ;l  were  on  the  cast  and  west  shores 
of  the  river,  and  Pier  2  in  the  nii<l<lle  01 
the  stream.  The  angles  to  tie  turned  oft 
from  the  base  line  at  points  Ii  .-ind  t  to 
fonn  an  intersection  with  the  bridge  tan- 
gent at  the  desired  pier  centers  were  calcu- 
lated Then  with  the  transit  set  over 
B  and  C  in  turn,  these  calculated  an- 
gles were  accurately  turned  off  and  per- 
maiieiil  tcire-isht-  put  up  and  firmly  se- 
cured I'rMbablv  the  most  accurate  way 
in  which  to  establish  such  a  reference  line 
is  .IS  follows:  siip[>ose  transit  to  Ik-  set  up 
a>  B:  -ight  on  C  and  turn  off  the  angle  cal- 
culated :  mark  the  line  on  a  Uiard  securely 
fastened  with  its  plane  Derpendiciilar  to 
the  reference  line  Call  this  point  /' 
With  transit  still  at  B  read  the  angle  t' /? /? 
very  acciiralily.  in  -iiob  a  way  as  to  elim- 
inate as  iniuh  a«  pos-ilile  all  errors  The 
.Tigle  (./</'  as  now  iletermined  will  Ih- 
slightly  greater  or  less  than  the  required 
angli  .Move  transit  to  (.  and  read  aiigle 
Bi'D:  calculate  the  length  of  line  B  I' 
Knowing  the  length  B  P  and  tli' 
thi    angle  C  B  P  as   previoii-l>    il 

'•    1-   fill  easv   to  cal-.iil,ile  the  air. — 

tbi'  mark  on  the  l»>ard  "lioiibl  Ik-  moved  to 
correii  the  error  in  the  angle  .\  target 
ran  then  Ik-  painted  on  the  iKiard  with  a 
disliiigiiishiiig  letter  or  numlK-r  which  can 
be  seen  with  the  transit  at  point  B.  Of 
course,  it  is  not  always  iMissiMe  to  have 
a  iKiard   target,   nor   is   it   al.  '  '   . 

the    al>'i\e    metlliKl    can    Ik- 

kind  of   nKiiuimeiit   is   use<l    i.i    , : 

foresight       It    is  convrniriit    to   have   pcr- 


•I«.'prlnln<l      from      fnlvernlly      of      llllnot* 
"Ti-rliiiiiiiraph"    for    190T-S. 


from  the  transit,  as  nuub  tinu 

it    is    not   necessary   to   sen<l   a   1 

the  ri\er  with  a  flag  pole  each  t' 

sight    is   needed.      On  the   west    -: 

Kaw   River  a  second  base  line  was  laid  off 

by   which   a   check   on   the    work    from   the 

main  base  line  was  secureil.      In  general,  a 

briilge   is    not    the   Ik-sI    place   on    which   I" 

establish    a     base    line,    due    to 

from  train-  passing:  but  in  this 

the    ht-st    available,   and    goo<l    inu  1 «!  i  ii.m- 

wcrc   secured    with   the  bridge   tangent    for 

location  of  piers. 

7/ii-  Caisson. — The  caisson  was  simple  in 
form  It  might  be  descrilK-d  as  a  big  par 
allelopipe  formed  by  building  one  box  on 
top  of  .mother.  The  bottom  Ixix  was  open 
at  the  IxHtoni,  had  a  roof  of  solid  timber 
ti  ft  thick  and  sides  of  box  were  3  ft. 
thick.  The  liottom  edge  was  shod  with  a 
steel  cutting  edge.  The  inside  of  this 
Ikix  is  what  is  called  the  working  cham- 
iK-r.  This  liox  was  kept  from  being  dis- 
torted by  wocKlen  struts  and  l'/4-in.  adjust- 
able rods  inside.  Two  horizontal  rows  ■ 
of  |-ixI2-in.  wooden  struts  were  -used,  dis- 
tance between  two  struts  in  each  row  be- 
ing about  i'  ft.  ti  ins.  One  row  was  just 
below  the  ceiling  of  the  working  chamber 
and  the  other  row  aljout  1  ft.  I"  ins.  above 
the  cutting  edge.  Parallel  to  and  cKise 
to  each  strut  in  the  iKittom  row  iVi-in.  ad- 
justable rods  extended  through  the  caisson 
from  outside  to  outside-  of  the  caisson 
walls.  The  iM^ttom  1kix  was  made  water- 
tight by  thorough  calking.  The  top  Imx 
was  open  at  the  top  and  Imttom.  the  sides 
consisting  of  l-2xl2-in.  timbers  well  drift- 
ed together  and  cross  braced  with  lim- 
ber stmts.  Extending  up  from  the  work- 
ing chamlwr  through  the  t>-ft.  rcHif  were 
the  supply  shafts,  mud  lifts,  air  pipes,  wa- 
ter pipes,'  and  main  shall,  througli  vvhicb 
the  work  in  the  working  chamber  is  c:ir- 
ried  mi.  The  caisson  was  22  ft.  wide.  Mi 
ft.  long,  out  to  out,  built  of  long  leal 
southern  yellow  pine.  The  outside  of  iHith 
boxes  was  covered  with  2-in.  lumber  placed 
with  long  dimension  vertical.  The  dis- 
tance from  cutting  edge  to  top  of  ti-ft 
roof  of  working  chamber  was  l.SH  ft.  The 
construction  of  the  caisson  was  closelv 
watched  in  order  that  the  plans  and  spcci 
fications  Ik-  complied  with  The  caisson 
was  built  on  shore  to  the  top  of  the  Imt- 
tom  box,  all  pipes,  etc.,  U-ing  in  place,  an<l 
was  afterward  launched  ami  floated  to  po- 
sition. 

Falsf  Boltom—U  might  Ik-   well  at  thi- 
point   to  show   the  unii)ue  method   resorted 
to  to  make  |K>ssible  the  tloatino  of  the  cai-- 
«on       1 1    was.   a-  alnn 
anil  ."i<>  ft    long,  the  1! 

ling  edge  to  top  of  r>"  i  ,        ...s   

l;er  being  I'tVs  ft,  r....i  1;  II  tl:irk  and 
sides  of  working  chamber  :i  II  thick  Tlu- 
writer  cannot  state  just  w;hat  the  weight 
of  the  limber  was  per  cubic  foot,  nor  the 
weight  of  the  metal  in  -hafts,  etc.  The 
volume  of  the  timlK-r  was  iIkhiI  IO.iKHi  en 
it.  .\ssiimiiiK  the  lunil'er  to  weigh  -!•• 
llw.    per    cii.    fl.,    then    tlie    timWr    would 

-'      ! ■    "  For    shaf'- 

me,    say. 

._  .  .    1    up    to     I 

Taking    weiRhi   •>■    1    cii     ft.    of    water   as 
fl2V4   lbs.,   it    is   seen   that   »>,"2i>  cu.    ft    of 
water    will    Ik-   displaced,   or    3,'2*>   cu.    r 
of  timber  will  l>e  above  the  water  level 


=  -.'%ft  l.<^    ft. -2%  =10  ft.  10  in. 

bl    be    the   depth    of    the    ailling 

ibf    siirf.irt     ..1    •!..     A  iT.-r        The 


:tlK 
1  was  liieii  rooflKl  lu.  .V  lalse 
,s  ((tn   in  ibr  iMitiiim  of  ih>-  working 

■      ■    ■.  cr 

of 

•.ctr    1     I;      1"    !  it- 

A    rtiHir   of    :  ..IS 

,     .        '  ';  I-     vT  r 'IT  *      t^i'  .(le 

With    calkii  (II 

calked   so   .1  -n- 

\icT  impervious  to  ilie  water  at  the  imt- 
tom. 

Now  the  depth  of  the  cutting  edge  be- 
low the  surface  of  water,  when  caisson 
was  floated,  would  be  alxiut  1  ft.  8  ins. 
plus  t>,27ii  -r-  ■J-.'x.V;  ft.,  or  atx.ut  7  ft.  The 
depth  of  the  river  perniilled  the  caisson 
to  be  floated  to  its  ixi-itioii  under  these 
coiulitions.  .\ftcr  the  cais-on  was  in  po- 
sition the  false  floor  was  removed  and  cais- 
son  allowed   to   settle. 

While  the  construction  of  the  caiss<jn  on 
shore  was  going  on,  a  tramway  was  built 
parallel  to  the  bridge  tangent  from  the 
shore  out  to  the  pier  site.  This  tramway 
was  so  located  that  it  would  not  inter- 
fere with  the  subsequent  work  on  the 
bridge,  such  as  the  false  work  for  the  su- 
perstructure. This  tramwav  was  used  to 
carry  concrete  (all  of  which  «.i-  nived 
on  shore),  timlier  and  other  :  'Ut 

to  the  caisson  after  it  had  Ih'  10 

position.  The  tramway  also  serwij  lu  car- 
ry the  water  and  air  pipes  which  extend- 
ed from  the  machines  to  the 
caisson.  .\  building  hoi;  inpand 
air  compres.sors,  from  wbiin  uu  .\aler  and 
air  were   pumped   to  the  working  chamber. 

As  soon  as  the  tram--  ■■  carric<l 
cut  far  enough  a  direct  iit  was 
made  on  it  and  the  Iran-  ::ier  line 
of  pier  marked.  Then  the  places  to  drive 
the  guide  piles  were  located  and  marked 
for  the  contractor.  The  guide  piles  were 
i'se<l  to  keep  the  caisson  guided  in  ap- 
proximately correct  |K>sition  until  it  had 
Ik  en  settled  into  the  river  iK-d  some  dis- 
tance.     .-Ml  the  pile  >!' -         '  --.^m 

a  barge.      The  illu-!  ,iy, 

({uide  piles  and  cai-- ... ..-cit- 
ing. 

.As  soon  as  the  guide  piles  were  driven 
and  capped  a  temporary  platform  was 
built  on  these.  This  platform  serveil  as 
a  plane  on  which  to  locale  the  center  of 
pier  from  the  liase  lines  and  bridge  tan- 
gent The  bridge  '  -  '  'ic  lines 
turned   off    from   p-  on   the 

tiase     line    should     !... '     -•     a 

point    if   the   triangulation    w  <  n 

done  correctly.       The  error    »  tlie 

liiiiils  of  accuracy  set  lor  this  class  of 
H'-rk.  i-t-ing  inappreciable  Tbrrrf.ire,  the 
•  were  not  .\  fair- 

on   the   I        .  :i    work 

1    i>y    direct    nu-.i-in  m.  111   along 

IV. 

■''■■  ■  •-   ' '■    '       '«at 

spike  wa-  -he 

cutting   cils;  ..ers 

of  the  caisson.  Hach  boat  spike  had  its 
hr.id  CI!!  oflf  so  as  to  allow  a  level  rod 
'  'I  its  top  edge      The  caisson  was 

'  bed    -ind    tlivited    to    ixisition    bc- 

iwi-en   UK    .       '         *■  s. 

.-Vfler   I  was   well    startett   the 

■■■- "■•■     ■!    to 


edge.    .-\»  tiie  caisson  sank.  n< 
wrn-   ptit    111    higher    up   .it    • 
-!   driven, 
cutting 


e  exact 
1  alwav-n 
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be  ascertained.  In  putting  in  such  new- 
points  the  measurements  were  always  made 
accurately,  and  a  record  of  the  distance 
above  the  cutting  edge  kept. 

To  get  the  data  for  calculation  of  posi- 
tion of  cutting  edge,  the  proceeding  was  as 
follows :  On  the  caisson  the  center  of  fin- 
ished pier  was  located  by  intersection  of 
bridge  tangent  and  one  of  the  reference 
lines.  The  transit  was  set  over  this  point 
and  a  right  angle  turned  from  the  bridge 
tangent.  On  the  outside  edges  of  the  cais- 
son were  marked  the  transverse  and  longi- 
tudinal center  lines  of  the  pier.  The  dis- 
tances from  each  of  these  points  to  the 
two   adjacent  corners  of  the  caisson  were 


I^f^r6700_ 


4 


■fS 


^Troitsyei^ 


/HifT'-ati"" 
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Fig.    1. 


measured  and  noted.  This  showed  how 
far  the  center  of  each  side  of  the  caisson 
at  the  top  was  off  from  the  center  lines 
of  finished  pier.  Immediately  a  level  was 
set  up  on  the  caisson  and  a  long  backsight 
taken  on  a  bench  mark  on  the  shore  and 
careful  foresight  taken  on  each  of  the  four 
boat  spikes.  The  location  of  the  cutting 
edge  could  be  fully  determined  from  the 
above  data. 

The  following  is  an  ideal  example :  Sup- 
pose that  the  top  of  caisson  is  out  of  posi- 
tion, as  shown  in  Fig.  1,  and  that  the  eleva- 
tion on  the  spikes  at  the  four  corners  are 
as  follows : 

Corner  4  elev.  =  97.00. 

Corner  3  elev.  =  96.50. 

Corner  1  elev.  =  96.80. 

Corner  2  elev.  =  96.30. 

Further,  suppose  the  distance  from  boat 
spikes  to  cutting  edge  to  be  30  ft.  and  that 
the  top  of  caisson  is  5  ft.  above  the  boat 
spikes.  The  caisson  is  22  ft.  wide  and 
56  ft.  long.  By  the  relation  of  similar  tri- 
angles it  is  easy  to  calculate  the  position 
of  cutting  edge  shown  in  Fig.  4.  Figs.  2 
and   3    explain   themselves,   being    interme- 


diate  steps  in   the  calculation.     In   Fig.  2. 
d'  is  given  as  0.08  ft.     By  similar  triangles 
0.2  d' 

or(/'  =  .012  ft. 


56 


35 


from 


hut    d'    must    be    corrected,    as    is    obvious 

1.54 

4,    bv   the   ainount X  0.5 

22 
or  — 0.04  ft.,  as  the.  caisson  is  tilted  two 
ways.  This  makes  d'^0.08  ft.  The  same 
method  is  used  in  finding  the  position  of 
tlie  other  three  sides.  The  hypothenuse  is 
used  in  the  relation  instead  of  the  leg  of 
the  triangle,  but  this  does  not  introduce 
any  appreciable   error. 


The  results  shown  m  Figs.  1  and  4  are 
what  the  contractor  needs.  The  sketches 
1  and  4  and  a  short  letter  of  instruction 
— if  needed — are  given  to  him.  A  copy 
of  sketches  and  letter  should  be  kept  by 
the  engineers  for  several  reasons.  Gen- 
erally, instead  of  giving  elevations  as 
shown  on  Fig.  4,  the  amount  of  each  of 
three  corners  above  the  fourth  low  cor- 
ner  is   given   in    feet   and   inches. 

The  instrument  work  was  done  imme- 
diately after  the  blowing  or  settling  of 
the  caisson,  so  that  there  was  no  move- 
ment of  the  caisson  during  the  time  the 
instrument  work  was  being  carried  on.  As 
the  caisson  neared  the  bedrock  the  posi- 
tion of  the  cutting  edge  was  found  after 
each  settling.  Throughout  the  work  the 
caisson  was  kept  in  as  correct  a  position 
as  possible.  As  the  caisson  neared  bed- 
rock every  effort  was  used  to  keep  it 
where  it  should  be. 

Inspection  in  Working  Chamber. — Be- 
fore bedrock  was  reached  there  was  very 
little  necessity  for  the  engineer  to  be  in 
the  working  chamber.  Occasionally  he 
had  to  go  down  to  help  the  contractor  de- 
vise some  scheme  to  shift  the  caisson 
when  it  went  so  far  out  of  true  position 
as  to  become  alarming.  When  bedrock — 
soapstone  in  this  case — was  reached,  the 
stone  was  leveled  off  somewhat,  and  a 
trench  18  ins.  wide  at  the  bottom.  3  ft. 
wide  at  the  top,  and  about  18  to  24  ins. 
deep  was  cut  out  along  the  sides  of  the 
working  chamber  .iust  inside  the  cutting 
edge.  This  was  done  to  guard  against 
slipping  of  the  caisson  and  in  case  the 
gravel  overlaying  the  soapstone  was 
scoured  out. 

Filling  the  Working,  Chamber. — After  the 
foundation  had  been  prepared  the  work 
of  filling  up  the  working  chamber  and  the 
several  shafts  was  started.  During  this 
work  constant  inspection  was  maintained, 
only  those  inspectors  being  used  who  could 
stand  the  air  pressure.  The  inspectors 
took  turns.  Some  inspected  the  concrete 
mixing  on  shore  and  the  others  the  plac- 
ing of  the  concrete  in  the  chamber.  The 
concrete  was  mixed  quite  dry  and  let  down 
through  the  material  shafts  into  the  work- 
ing chamber.  It  was  deposited  at  the 
ends  of  the  working  chamber  first  and 
well  tamped.  The  cliamjer  was  gradual- 
ly filled,  that  part  nearest  the  main  shaft 
being  done  last,  necessarily.  After  the 
working  chamber  was  completely  filled  tlie 
shafts  were  entirely  filled  with  concrete. 

/)[  General — In  the  case  of  an  octa.gonal 
or  circular  pier  the  same  scheme  as  here- 
in outlined  can  be  used  in  locating  the 
cutting  edge.  In  general,  it  may  be  said 
that  in  case  of  shallow  rivers  a  tramway 
is  built,  and  the  concrete  materials  are 
mixed  on  shore  and  carried  out  on  the 
tramway,  while  in  the  case  of  a  deep  river 
the  concrete  aggregates  are  mixed  on 
barges  anchored  near  to  the  caisson  and 
all   work  handled   from   the  barges. 

Often,  in  order  to  save  titnber  and  con- 
crete, the  crib  work  is  stopped  and  the 
shaft  of  the  pier  commenced  on  the  crib 
before  the  cutting  edge  reaches  bedrock. 
In  such  a  case  extreme  care  should  be 
exercised  in  giving  the  center  lines  for 
bottom  of  shaift  that  these  lines  will  co- 
incide w'ith  the  correct  center  lines  of  the 
pier  when  the  caisson  comes  to  rest  on 
its  foundation.  This  method  should  be 
used  onlv  when  the  cuttins  edge  is  but  a 
short  distance  from  I)cdrock.  as  the  move- 
ments of  a  caisson  will  not  always  be  just 
as  they  are  calculated.  Also  the  shaft 
should  be  made  somewhat  larger  all  around 
than  the  plan  size,  so  that  when  bedrock 
is  reached  a  little  shiftin.g  of  the  remam- 
der  of  the  shaft  can  be  done  if  found 
necessary.       The    practice    of    starting    the 


shaft  on  the  crib  when  the  caisson  is  any 
considerable  distance  above  the  founda- 
tion is  a  bad  one,  as  the  actual  direction 
of  movement  of  the  caisson  may  be  quite 
different  from  what  the  engineer  supposed 
it  would  be.  Under  such  conditions  the 
top  of  the  shaft  already  built  might  be 
so  far  out  of  true  position  when  the  cais- 
son reached  bedrock  as  to  prove  disas- 
trous. On  the  Kaw  River  bridge  the 
crib  work  was  stopped  and  the  sliaft  start- 
ed when  the  cutting  edge  was  a  few  feet 
above  bedrock  in  order  to  save  concrete. 
The  caisson   acted   just  as  anticipated  and 
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the  top  of  tlie  shaft  was  very  little  out 
of  true  position.  The  advice  of  the  super- 
intendent as  to  the  future  movement  of 
the  caisson  and  crib  will  be  valuable  if 
he  is  a  man  of  considerable  experience 
in  pneumatic  caisson  work. 

Pressure  in  Working  Chamber. — A  few 
words  might  be  said  as  to  variation  of 
the  pressure  in  the  working  chamber. 
When  blowing  a  caisson  to  settle  it,  the 
amount  the  water  rises  in  the  chamber  de- 
pends on  the  character  of  the  material 
the  cutting  edge  is  in.  For  instance,  if  it 
is  in  stiff  clay,  the  caisson  can  be  blown 
and  settled  2  or  3  ft.  without  any  water 
apparent  at  all,  while  if  it  is  in  soft  ma- 
terial or  sand,  the  water  will  come  up  ap- 
preciably. Mr.  E.  E.  Howard  informed 
the  writer  that  he  had  been  in  caissons 
where  on  settlin.g  the  water  came  up  2  ft. 
above  the  cutting  edge.  Of  course,  the 
pressure  varies  somewhat  in  the  propor- 
tion of  the  hydrostatic  pressure :  that  is. 
0.434  h  pounds  per  square  inch,  where 
h  is  the  depth  in  feet  below  the  water  sur- 
face. However,  it  will  not  always  hold 
to   this    exact   amount.      In    fact,    it    rarely 
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does,  depending  on  the  class  of  material 
being  excavated.  In  stiff  clay  the  pressure 
can  be  run  down  considerably  below  the 
theoretic  amount,  or  run  up  above  this 
amount  without  much  leakage  in  either 
case.  To  hasten  the  work  of  getting  out 
tlic  material  the  pressure  in  clay  is  often 
run  up  considerablv.  In  sand  or  soft  ma- 
terial, on  the  other  hand,  as  soon  as  the 
pressure  is  brought  up  very  much  above 
the  hydrostatic  pressure,  air  is  Ijound  to 
be  forced  out  around  the  cutting  edge,  as 
is  shown  bv  the  bubbling  of  tlic  water 
at  the  surface  outside. 

In  general,  it  mi.ght  be  said  that  in  clay 
the  pressure  is  kept  a  little  below,  and  in 
sand  or  soft  material,  a  little  al)0ve  the 
true    hvdrostatic   pressure.  '" 
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Methods  and  Cost  of   Constructing  a 

Roundhouse  and  Engine  Terminal 

Facilities    at  Decatur,   III., 

Wabash  R.  R.< 

MV     A     .■     I  I     N  M.Vl.ll  AM    t 

The  \Vut>aili  K.  k.  Co  h:x<  Lilcly  sptn: 
a  larKc  uiiiount  oi  money  in  improving  en 
gine  lacililies  at  Ofcatur,  III.  This  place 
is  iitualcd  very  nearly  half  way  between 
Si.  Louis  and  Chicaso.  and  is  at  the  junc- 
tion of  the  -  "  '.  and  Decatur  divi- 
lions  of  thr  i<.  R.  The  Uecatur 
Division  ext  St.  Louis  to  Chi 
caKo,  from  1  lilion,  and  from 
Beiiinil  to  Altamont,  and  comprises  460 
miles.  All  trains  from  St.  Louis  for  points 
north  and  east  pass  through  Decatur,  so 
that  this  engine  terminal  is  the  most  im- 
portant on  the  system.  There  are  ap- 
proximately 100  engines  cared  for  here  per 
day. 

Previously    to    these    iniproveinents,    en- 


4   coal  miiii    .<.   1...    Decaitir  yard,  which 
had  a  few  chutes  to  accomiiiutbte  the  en 
gincs       .\    •'  ■  '     |>.   built 

■  in,     |>irrriii  hniisr. 

itj,  lu  iii>.  in 

pit    for  ire 

■  >t  the  cinder'>  ironi  the  li>c<>nioiivcs  com- 
piclril  the  facilities  at  that  time.  Krcausi- 
iif  these  poor  facilities,  together  with  the 
limited  room  and  consequent  congestion, 
the  cost  of  handling  engines  was  exceed- 
ioglv  great. 

.Mnjiit  two  years  ago  improvements  were 
•.larted  to  rectify  these  defects  and  to  les 
sen  this  cost.  The  first  structure  whici! 
it  was  necessary  to  build  was  the  coaling 
chuir,  as  the  coal  mine  whicli  formerly 
supplied  the  engines  had  practically  given 
out.  This  coaling  plant  was  constructed 
of  limber  on  concrete  fnuiiilaliuns.  It  was 
designed  with  an  elevated  ptxket  that 
would  hold  S'K)  tons  of  coal,  from  which 
the  engines  could  be  co:dcd   from  ordinary 
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is 
li  there 
i»  with 
lllr  .;ive 
It  ar.  rin- 
plnyeil  to  determine  this  cost :  Itie  cost 
>>l  lalmr,  sujM-rv  i.i..ii  .-•  for  operating 
fur  a  period  $7.  To  this 
should  be  addm  ■  '  .  in 
lerest  on  the  inveM  lin- 
icnancc.  The  mil 
concrete  recri  md 
lor  the  :on, 
$7,.>">ti,  in.  i  nia- 
chinery,  making  tl  ■  'To.  The  in- 
terest charge  on  l> ...lent  at  5  per 

cent  would  be  $4^<8.7.j  The  depreciation 
should  vary  according  to  the  length  of  time 
the  plant  is  in  service,  <.o  nothini;  should  be 
charged  for  this  for  tl  c  first  five  years, 
but  thereafter  a  charge  of  5  per  cent  per 
annum  should  be  made.     This  means  that 
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Fig.    1  —  Lay-Out   of    Engine   Terminals  Wabash  R.  R.  at  Decatur,  III. 


gines  were  housed  in  an  old  and  dilapi- 
dated building  which  had  been  in  service 
over  26  years  at  ;he  tinir  when  tin-  im- 
provements were  I.  The  old  en- 
gine house  was  •  for  up  10  dale 
engines,  and  the  stalls  consequently  had 
been  lengthened  out  to  properly  house  the 
new  engines.  These  extensions  were  gen- 
erally made  of  wood.  \  new  turntable 
wa>  installed  about  six  years  ago.  designed 
to  fit  the  oh!  IIS  of  the  older  turn- 
table, and  1  :.  its  depth  was  not 
^iitiui.-m.  with  the  result  tliat  there  was 
uMially  too  much  deflection,  requiring 
more  power  to  turn  it  than  should  have 
been  necessary.  It  wai  operated  by  a  9 
hp.  gasoline  motor  and  did  the  work 
fairly  satisfactorily. 
Coal   for  the  engines  was  obtained  from 
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movable  aprons,  and  was  constructed  by 
the  Fairbanks- Morse  Co.  Coal  is  brouglit 
to  the  chute  in  bottom-dump  cars  and  is 
dumped  into  a  concrete  hopper  beneath  the 
track.  From  this  hopper  it  is  emptied  un- 
der control  of  the  operator  by  gravity  into 
hoisting  buckets  through  an  orifice  in  each 
of  the  two  side  walls  of  the  concrete  hop- 
per. There  are  two  of  these  buckets,  each 
with  sufficient  capacity  for  holding  a  ton 
of  coal,  and  as  one  bucket  is  hoisted  the 
other  is  lowered.  The  full  bucket  011 
reaching  the  top  dumps  automatically  into 
the  receiving  bin.  The  whole  plant  is 
operated  by  an  electric  motor,  controlled 
l>y  one  man,  but  two  men  in  addition  are 
necessary  to  empty  the  coal  from  the  bot- 
lom-dump  cars.  It  requires  alxiiit  '2H 
hours  to  fill  the  bin  provitled  no  engines 
are  taking  coal  during  that  lime.  Uut 
«ince  engines  are  continually  being  coaled, 
it  is  necessary  to  operate  the  plant  about 
10  hours,  the  capacity  of  the  bin  being 
sufficient  to  take  care  of  the  coal  required 


the  life  of  the  plant  i«  assumed  to  be  35 
years.      .N'  -      will     vary 

greatly  ail  e  plant  grows 

older;  1  per  cent  per  annum  should  take 
care  of  this.  Assuming  these  figures  cor- 
rect, then  the  cost  of  operating  the  plants 
will  be  ?■'  ''"'  '■■  ■cr  year.  .As  there  are, 
on   an   a\  '•   tons  of  coal  per  day 

liandled  by  •.In    (jI.iiii.  t'  handling 

lOal   will  be   slightly   Ic-  '   cts.   per 

ton. 

It  should  be  noted  that  no  charge  has 
l)een  made  for  switch  engine  .service  for 
transferring  coal  cars  from  the  storage 
track  to  the  depressed  hopper.  Such  a 
charge  w      '  '   '  '  M  not  be 

made   in  -is   trans- 

by   yard 
\r  water 
ill  '  Ute.   and 

do    •  ing   taken 

water.  Since  the  storage  track  is  adjoining 
the  coal  chute,  it  would  be  impossible  to 
m,ike  a  proper  charge  for  the  small  amount 
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of    work    done    by    the    switch    engines    in 
performing  this  service. 

Usually  in  connection  with  a  coaling 
plant  there  is  installed  a  sand  house  for 
receiving  and  drying  sand  for  locomotives, 
hut  as  the  sand  house  used  with  the  old 
facilities  was  in  good  repair,  it  was  moved 
to  a  new  location  and  used  in  conjunction 
with  the  new  facilities.  It  consists  of  a 
long  oblong  building  with  a  tower  at  one 
end.  The  sand  is  brought  in  cars  and  un- 
loaded by  hand  into  the  building,  at  one 
■end  of  which  is  a  sand-drying  device, 
v^fhich  is  nothing  more  than  a  cast-iron 
Ijarrel-shaped  stove  around  which  is  fas- 
tened a  very  fine  funnel-shaped  screen. 
The  sand  is  placed  between  the  stove  and 
the  screen  and  on  drying  falls  through 
the  latter,  after  which  it  is  shoveled  into 
a  hopper  and  driven  by  compressed  air 
into  the  tower  of  the  building.  It  falls 
by  gravity  from  this  tower  through  pipes 
which  may  be  connected  with  the  locomo 
lives. 

The  ne.xt  improvement  was  the  construc- 


motive  power  witliin  a  few  years,  requiring 
the  reconstruction  of  engine  shops  and 
terminals?  The  only  good  argument  for 
the  use  of  reinforced  concrete  in  buildings 
of  this  nature  is  the  fact  that  it  is  fire- 
proof; but  there  is  so  little  danger  of  fire' 
with  a  properly  constructed  engine  house 
with  heavy  timbers  that  this  argument  need 
not  be  considered.  In  planning  the  con- 
struction of  the  new  engine  house,  there 
were  several  things  to  be  considered.  First, 
it  was  necessary  to  do  the  work  without 
interfering  with  the  old  facilities  so  that 
engines  could  be  handled  witliout  loss  of 
time.  Further,  there  were  three  buildings 
in  close  proximity  to  the  proposed  site  of 
the  engine  house  (Fig.  1)  which  would 
work  in  with  the  arrangements  of  the  new 
facilities.  One  was  a  boiler  house  about 
six  years  old,  which  could  lie  used  for 
heating  purposes ;  another  was  a  building 
of  wooden  construction,  which  could  be 
turned  into  a  machine  shop,  and  the  third 
was  a  two-story  building  which  could  be 
used  advantageously   for  an  office.     It  was 


joists  and  find  exit  at  the  peak  of  the 
roof,  at  which  point  there  is  provided  a 
ventilator  over  each  stall,  each  ventilator 
being  accommodated  with  a  pivoted  shut- 
ter, which  can  be  opened  or  closed  by  a 
simple  mechanism  worked  from  the  floor. 
The  walls  of  the  building  (Figs.  2  and 
S)  are  constructed  of  wooden  girts  of  the 
same  width  as  the  posts,  and  supported 
between  them,  to  which  is  attached  e.x- 
paniled  metal,  both  on  the  inner  surface 
and  outer  surface  of  the  girts.  The  ex- 
panded metal  on  the  outer  surface  is  plas- 
tered on  both  sides  with  a  mixture  of 
Portland  cement,  lime  and  sand,  and  cocoa- 
nut  fiber.  The  expanded  metal  on  the  in- 
ner surface  is,  of  course,  only  coated  on 
one  side  with  the  same  kind  of  plaster. 
This  construction  provides  a  wall  with  a 
hollow  space  of  air  between,  so  that  damp- 
ness cannot  penetrate  to  the  inner  surface. 
The  air  space  forms  a  good  insulator  to 
keep  the  building  warm  in  winter  and  cool 
in  summer.  The  plaster  applied  to  these 
walls  consists  of  1  bbl.  of  lime  mixed  with 
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tion  of  a  new,  up-to-date  roundhouse  with 
42  stalls,  new  turntable  and  cinder  pit, 
with  all  modern  facilities  for  doing  work 
cheaply.  It  might  be  claimed  that  the 
superstructure  of  this  engine  house  is  not 
up-to-date  on  account  of  its  framework 
being  of  wood.  However,  there  is  but  one 
other  kind  of  material  that  could  be  used 
in  place  of  wood  that  would  last  any 
longer,  and  that  is  reinforced  concrete. 
We  all  know  that  steel  is  soon  rusted  out 
where  there  is  an  abundance  of  smoke ; 
therefore,  steel  unless  properly  protected 
should  not  be  used  in  a  roundhouse.  Re- 
inforced concrete  construction  is  expen- 
sive, and,  in  the  writer's  opinion,  not  neces- 
sary because  properly  constructed  engine 
houses,  with  large  timbers  will  last  from  25 
to  30  years,  as  smoke  seems  to  preserve 
tile  limber.  It  is  a  waste  of  money  to 
build  such  structures  on  Western  railroads 
with  ihe  iilea  of  making  them  everlasting, 
because  these  railroads  are  continually 
changing  in  their  ownership  and  extending 
their  lines,  making  it  often  advisable  to 
change  the  location  of  their  engine  ter- 
minals and  shops :  and  is  it  not  also  possi- 
ble   that    railroads    will    be    using    electric 


finally  found  practical  to  so  place  the  new 
engine  house  that  these  three  old  buildings 
coidd  be  utilized,  and  at  the  same  time  the 
new  construction  work  could  be  carried 
on  without  interfering  with  the  old  facili- 
ties. .\s  the  Wabash  had  a  year  previously 
constructed  large  car  shops  in  East  De- 
catur, of  which  the  operating  power  was 
electricity,  and  since  there  was  ample  cur- 
rent to  spare  from  this  plant,  it  was  de- 
cided to  use  electricity  to  operate  all  the 
machinery  and  to  provide  light  for  the  new 
terminal   facilities. 

The  roundhouse  is  a  complete  circle,  ex- 
cept for  an  opening"  sufficiently  large  to 
accommodate  outbound  and  inbound  tracks 
leading  to  the  turntable.  Tlie  house  is  of 
heavy  mill  construction,  the  timbers  being 
of  long  leaf  yellow  pine.  The  construc- 
tion is  of  the  simplest  kind,  with  posts  bc- 
Iwcen  the  stalls  carrying  the  roof  so  as  to 
cheapen  its  cost.  The  roof  beams  sup- 
ported by  the  posts  run  crosswise  of  the 
engine  pits,  and  the  joists,  to  which  the 
roof  sheathing  is  nailed,  rests  on  the 
beams  and  run  lengthwise  of  the  pits.  This 
enables  the  smoke  from  the  engines  enter- 
ing   or    leaving    the    house    to    follow    the 


1-J  bbls.  of  sand  and  4  lbs.  of  cocoa- 
nut  fiber,  the  whole  being  mi.xed  thoroughly 
with  water  and  allowed  to  stand  for  at 
least  two  weeks  so  as  to  give,  the  lime 
time  enough  to  thoroughly  slack.  One 
part  of  Portland  cement  is  added  to  three 
parts  of  this  mixture,  with  enough  water 
added  to  make  a  plastic  mortar.  This  is 
applied  to  the  expanded  metal  and  allowed 
to  harden.  This  is  called  a  scratch  coat. 
On  this  coat  is  plastered  another  layer  of 
mortar,  composed  of  3  parts  of  sand  to  1 
part  of  cement.  The  plaster  on  the  ex- 
panded metal  on  the  outer  surface  of  the 
house  is  1%  ins.  thick,  and  that  on  the  in- 
ner surface  about  %  in.  thick.  This  hollow 
wall  extends  completely  around  the  outside 
of  the  house,  and  from  the  ground  to  a 
lieight  of  5  ft.  The  exterior  face  of  the 
wall  is  painted  with  a  waterproofing  com- 
pound. On  this  wall  is  placed  a  continuous 
line  of  windows,  which  extend  to  the  un- 
derside of  the  eaves  of  the  building,  thus 
providing  plenty  of  light,  which  is  very 
essential  in  such  buildings.  The  cost  of  a 
wall  of  this  description  is  slightly  less  than 
l:rick,  bul  a  saving  is  made  because  brick- 
work   requires    foundations    to    support    it, 
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while  this  con*! ruction  roiuiro  milj  ihoic 
lutcssary  lo  >upp<jrt  llic  [^•>tN  .\I>t>  Iin- 
trl»  arc  rr<)iiirr<l  over  o|Mrhiiig«  in  brick 
work,  an<l  nonr  are  rrqiiircd  in  (his  kind 
of  a  Mall.  .\  fiirihrr  advantaKc  in  this 
>'i>n~ii  ut-tiiin  is  thai  a  contiiiiiuii>  linr  of 
uiJi'I'iu-.  niay  br  iisrd.  while  with  brick- 
work ilii>  ■>  not  |><i%sil>lr,  on  accuitnl  of  the 
l>lkl>le^^  I'Ik'  wiihIuws  arc  made  so  that 
thr    two    lower    >a'shes    are    hung    together 


doors  arc  proviiled  wiih  «iii.tllcr  one*,  to 
that  the  house  can  be  ciiicrcd  by  men  con- 
veniently from  different  imiiits. 

The  pits  arc  of  concrete  and  constmcted 
«o  thai  in  jacking  up  engincH.  in  order  lo 
r.  •  parts,    the    jacks    rest    on   pro- 

ji  It  on  the  walls  of  the  pit ;  other- 

wiic,  ilic  t)o<ir  of  the  house  would  sutTer. 

On  account  of  the  liability  of  concrete 
in  proximity  to  the   rails  to  break  up,  due 
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Fig.   3 — Front   and    Rear   Elevations   of  Ro.  rdhouse. 


with  copper  chains  over  pulleys;  thus 
when  one  is  raised  the  other  is  lowered ; 
consequently  they  are  counterbalanced 
without  going  to  the  expense  of  providing 
box  frames  with  counterweights. 

The  doors  in  the  front  of  the  building 
arc  made  of  yellow  pine,  substantially 
built  and  with  no  glass  in  them.  They 
are  [-.roviiled  with  convenient  hand-latching 
devices,  which  lock  them  at  the  top  and 
bottom    when    they    arc    closed.      To    keep 


probably  to  the  oil  which  drips  from  the 
engines,  it  was  decided  to  fasten  treated 
limbers  on  the  walls  of  the  pits  and  to 
spike  the  rails  to  them.  It  was  estimated 
that  the  life  of  these  timbers  would  be 
i-qual  to  that  of  the  house,  and,  therefore, 
would  be  quite  satisfactory. 

Concrete  foundations  arc  provided  to 
support  the  timbers  on  which  the  rails  rest 
at  the  ends  of  the  pits,  and  from  the  pits 
to    the    doors    of    the    house,    from    which 


siriicted  four  driving  wheel  ilrop  pits  and 
two  pony  truck  wheel  pits.  Over  these 
pits  the  roof  is  carried  by  trusses,  the  posts 
being  omitted  so  as  to  allow  engine  wheels 
lo  be  moved  between  the  pits  and  rolled 
out  on  tr.i  '  i'led   for  them.     One  of 

these  trai  ■  '   directly   with   the  ma- 

chine shop. 

The  floor  of  the  roundhouse  is  of  con- 
crete, built  similarly  to  a  sidewalk,  and 
placed  on  cinders.  It  is  laid  out  in  squares 
of  about  3  ft.  to  the  side,  so  if  any  square 
gets  broken,  as  it  is  liable  to  be  on  account 
of  the  heavy  pieces  handled  in  a  house  of 
this  description,  it  can  be  repaired  at  small 
cost. 

The  foundations  carrying  the  posts  are 
of  concrete  and  are  entirely  separate  from 
the  floor,  so  if  any  settle,  the  floor  wilt 
not  be  disturbed. 

On  the  r<M)f  sheathing  is  laid  a  built-up 
roof  of  -l-ply  tar  and  crushed  limestone. 
The  crushed  limestone  not  only  adds 
weight  to  hold  the  built-up  roof  in  place, 
but,  being  white  in  color,  helps  to  protect 
the  tar  from  the  rays  of  the  sun.  The  cost 
of  this  roof  covering  in  place  was  about 
the  same  as  that  of  a  prepared  roofing. 

One  of  the  essential  parts  of  an  engine 
house  is  the  smoke-jack  to  carry  off  the 
smoke  from  the  engines  stan<Iing  in  the 
house.  So  far,  a  satisfactory  one  has  no» 
been  designed.  Ordinarily,  smokejacks  are 
made  of  cast  iron,  which  corrodes  in  a 
short  time.  Some  of  asbestos  board  have 
been  tried,  but  they  have  not  proved  satis- 
factory. On  this  account  it  was  decided 
to  try  a  smokcjack  made  of  expanded 
metal  (Fig.  5)  attached  to  an  iron  frame 
plastcre<l   over   with   a   mixture   similar   to 


*r  *»!■%  Cm  r  ft 


Fig. 


rantverse   Section   of  Roundhouse. 


thcin  in  an  open  position,  when  necessar>', 
there  are  provided  pieces  of  old  rail  set 
in  a  vertical  |iosition  in  concrete  and  placed 
radially  with  the  door  posts  on  the  outside 
of  the  building,  lo  which  are  attached 
hooks  which  enK.ige  in  eyes  in  the  door  to 
hold  them  securely  so  as  to  prevent  dam- 
age being  done  to  them  from  high  winds 
and  by  locomotives  entering  and  leaving 
the  house.     At   certain  intervals  the   large 


point  to  the  turntable  the  raits  are  carried 
on  ordinary  track  tics,  under  which  cinder 
ballast  is  placed. 

The  pits  open  into  a  concrete  duct,  built 
entirely  around  the  inner  side  of  llie  front 
of  the  house.  This  duct  serves  the  two 
purposes  of  draining  the  pits  and  carrying 
the  heating  mains,  an>l  is  covered  with 
rherkere<l  wrought-iron  plates.  In  a  con- 
venient   hx^lion    of    the    house    are    con- 


that  used  on  (he  walls  of  tlie  building. 
The  plaster  covers  up  the  ironwork  en- 
tirely, and  it  is  expected  that  a  jack  of  this 
make  will  last  a  good  deal  longer  than  one 
of  cast  iron,  with  the  advaut.ige  that  it 
ran  be  readily  patched  if  it  should  l>ecome 
m-cessary.  These  jacks  have  now  been  in 
use  for  six  months  with  no  apparent  dam- 
age lo  them.  The  only  objection  to  thent 
is  their  weight.      If  constructed  with  plas- 
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ter  l'/4  ins.  in  thickness,  they  should  weigh 
practically  the  same  as  cast  iron.  The 
style  of  jack  best  suited  for  a  roundhouse 
is  an  inverted  hopper  leading  to  a  chimney, 
the  bottom  opening  of  the  hopper  being 
about  3  ft.  wide  by  8  ft.  long,  to  permit  of 
the  movement  of  engines  two  or  three  feet 
longitudinally  from  their  proper  central 
position,  in  order  to  get  at  their  valves, 
etc. 

In  order  to  facilitate  the  handling  of 
material  from  the  roundhouse  to  the  ma- 
chine shop,  a  telpher  hoist  has  been  pro- 
vided, running  on  an  I-beam  track,  sup- 
ported to  the  roof  joists  near  the  back  ot 
the  house.     This  hoist  is  operated  by  elec- 


back  of  the  house  into  the  pits  and  into 
the  duct  from  the  front  of  the  house.  This 
duct  empties  into  a  catch-basin  built  on  the 
outside  of  the  house,  which  in  turn  is  con- 
nected to  the  Decatur  city  sewer  system 
by  an  18-in.  tile  drain.  The  drop  pits  are 
drained  by  a  12-in.  sewer  pipe  line  con- 
nected with  the  18-in.  pipe  line  mentioned 
above. 

The  heating  of  the  building  is  accom- 
plished by  a  system  of  direct  steam  radia- 
tion, the  steam  being  supplied  from  the 
boilers  in  the  old  boiler  house.  A  7-in. 
diameter  main  supply  pipe  with  a  pressure- 
reducing  valve  is  connected  to  the  boiler^ 
and   runs   underground   to   the   duct   inside 


Peters-Eichler  Heating  Co.,  of  St.  Louis, 
in  a  very  satisfactory  manner.  As  it  is 
almost  impossible  to  heat  an  engine  house 
entirely,  on  account  of  the  fact  that  the 
doors  are  very  often  open  a  considerable 
length  of  time,  only  sufficient  heat  is  pro- 
vided to  properly  thaw  out  engines  as  they 
come  in  from  a  trip  during  the  winter. 
For  this  reason  only  10,000  sq.  ft.  of  radia- 
tion was  provided.  So  far,  this  has  been 
ample  for  all  needs,  and  has  kept  the  whole 
house  reasonably  warm. 

One  of  the  essential  features  of  a  round- 
house is  the  washout  system,  which  shouM 
include  a  scheme  for  changing  the  water 
in  the  boilers  of  the  engines  when  neces- 
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Fig.  5 — Details  of  Expanded  Metal  and  Concrete  Smoke  Jack. 


tricity  and  will  lift  a  load  of  two  tons  and 
carry  it  around  the  house  at  the  rate  of 
300  ft.  per  minute,  and  in  order  to  make 
it  unnecessary  to  employ  an  operator  con- 
tinuously, a  cage  is  provided,  extending  to 
witliin  3  ft.  of  the  ground,  so  anybody  can 
step  into  it  from  the  floor  and  operate  the 
machine.  Some  engine  houses  have  lately 
been  constructed  with  a  traveling  crane 
with  a  capacity  of  10  tons  running  around 
the  outer  circle  of  the  house,  and  requir- 
ing an  operator  continuously,  but  as  the 
maximum  wciglit  to  be  handled  does  not 
exceed  two'tons,  the  arrangement  used  in 
the  Decatur  house  will  do  the  work  satis- 
factorily and  at  much  loss  first  cost,  and 
with  practically  no  operating  expense. 
•  The  water  from  the  roof  is  carried  off 
bj'     downspouts     and     drained     from     tlie 


the  house,  where  it  mniuots  with  a  .">-iii. 
diameter  main  brandling  belli  ways,  and 
reducing  to  a  4-in.  diameter  pipe.  This 
main  connects  with  a  system  of  four  1%-in. 
pipe  lines,  which  encircles  the  pits  lor 
radiating  coils.  These  coils  connect  to  a 
return  system  consisting  of  a  '2%-in.  and 
increasing  to  a  3-in.  diameter  pipe,  drained 
by  gravity  to  a  G  by  4  by  6  in.  Wortliing- 
ton  pump  and  receiver,  which  returns  the 
condensation  from  the  coils  to  the  boilers. 
At  two  intermediate  places  in  the  duct 
recesses  are  formed  to  allow  for  bends  in 
the  main  and  return  pipes  for  expansion 
purposes.  Globe  valves  are  provided  so 
that  any  pit  can  be  cut  out  of  service. 
The  pipe  used  in  the  construction  of  the 
heating  system  was  of  wrought  iron.  This 
part    of    the    work    was    installed    by    the 


>ary.  .\n  rlalidialc  plan  tor  this  purpose 
was  decided  upon,  with  the  expectation 
that,  with  such  a  system  in  operation,  the 
boiler  repairs  would  be  considerably  re- 
iluced.  From  results  obtained  so  far  a 
great  saving  is  being  accomplished,  due  to 
the  large  reduction  in  boiler  repairs  and 
to  the  diminished  time  required  for  wash- 
ing out  engines,  thus  greatly  increasing 
their  earning  power;  so  the  expense  in 
installing  this  plant  has  been  justified.  The 
pipe  lines  in  the  house  for  this  system  are 
attached  to  the  columns  close  to  the  roof 
near  the  middle  of  the  house.  They  con- 
sist of  four  different  lines:  one  for  wash- 
ing out  the  boilers,  which  extend  over  15 
stalls ;  one  for  refilling  the  boilers,  extend- 
ing entirely  around  the  house ;  and  two 
lines    for  blow-off  purposes,   one   for  con- 
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nrcting  tu  the  water  leg  of  the  engine, 
covering  15  stalU,  and  (he  other  to  con- 
nect to  steam  dome  of  the  engines,  extend- 
iiiir  ■      !v  around  the  huuse.    The  line 

fS..  with   the   steam  dome  01   the 

to  a  supcrht-alcr,  while  ilir 
Iroiii  the  water  leg  is  con 
nected  with  t«i>  tanks  placed  one  alH>vc 
the  other,  the  steam  enterinu  the  upper 
tank,  and  the  water  and  impurities  f.-illinK 
by  gravity  to  the  lower  tank.  In  the  lower 
tank  is  placed  a  filler  which  fdters  out  the 
impurities  in  order  to  utili/t-  the  purified 
water  for  rctillinR  purposes  Pumps  oper- 
ated by  electricity  arr  '  with  the 
rofillinn   and   washout   li  ]   wnlc-r  is 


If  it  is  necessary  to  clean  out  a  l>oiler,  the 
rngiue  is  brought  on  one  of  the  lH  stalls 
provideil  lor  this  purpose,  the  steam  and 
watrr  drawn  off,  and  the  boiler    '  '  ' 

»asliril  with  water  of  a  high  ' 
The    temperature    of    the    water    u»cJ    ii 
usually   atxiul   that   of   tlic   lioiler   itself    sn 
that  the  tubes  and  plates  will  11 
loo  quickly.     There  are.  on  an 
i-ngines  per  day  blown  oflF  and  refilled  or 
washed   out   by   this   plant.     The   washout 
system   was  installed  by  the   motive  power 
departmrnt  of  the  Wabash   R.   R  ,  the  pt- 
liminary     plans    being     furnished     by     M 
Frederic    A.    Gale       Patent    rights    of   iIun 
svstem    arc    controllnl    by     the     National 


and  is  turned  by  means  of  a  tractor  wheel 
running  on  the  circle  rail  and  operated  by 
riectricity.      The    steel    work    of    the    turn- 
■ '  '     It    by    the     '       -      '    Bridge 

•  d  by  enij  'he  Wi- 

;,u>li  K.  K.  Co. 

V»  'hr  <■•■•■'.  "f  labor  for  hundli'is  Hndets 

•ing 

<ild 

an     ash-handling  ig     0)     that 

would  reduce  this  c  .  ;  ;  .  ..  :. minimum.  The 

structure    was    planned    to    have    sufficient 

'  ity  to  hold   at   least   all  the  ashes   de- 

'1    by    the    engines    diirinc    '.'f    hours, 

.iikI     was    provide<l    wit'  '•y    with 

which  to  load  the  ashes  !',v    Con- 


Fig.  6 — Electric  Gantry  Crane  for  Handling  Cinder*. 


admitted  to  the  system  of  tanks  when  re- 
quired from  the  Decatur  city  water  supply 
In  connection  with  this  system  there  is  a 
lem|>eralurc-controlling  device,  which  is 
iiiiiiiil(i|  to  mix  the  cold  and  hot  waters 
to  any  desired  temperature  before  they  are 
circulated  through  the  house.  The  heater 
and  the  different  tanks,  with  the  pumps 
and  temperature  controller,  arc  situated  in 
a  part  of  the  building  which  is  utilized  for 
the  machine  shop.  With  this  system  an 
engine  can  enter  the  house  and  have  water 
in  its  boilers  removed  aii<l  fresh  water 
of  practically  the  same  temperature  re- 
turned to  it.  and  be  under  steam  and 
reads   for  the  road  within  two  hours'  time. 


Itoiler  Washing  Co.  The  plant  as  tinally 
constructed  was  not  built  in  accordance 
with  the  original  plans,  but  was  somewhat 
modified. 

The  t-.iriilabic  foundations  are  supporietl 
by  piling  and  are  of  conrreie  The  cen- 
ter or  pivot  foundation  i-  ri-iiiiorced  with 
rods  just  al>ove  the  head  oi  the  piles.  The 
circle  rail  is  spiked  to  short  ties  laid  with- 
out any  fastenings  on  the  circle  wall.  The 
pit  is  paved  with  concrete  in  a  manner 
similar  to  that  in  the  house  and  is  drained 
by  a  -l-in.  tile  into  the  catch  basin  pre\i 
oiisly  mentioned 

The  turntalile  is  of  ili.  75  fl. 

long,  with  a   live  loail  .  .ij  I'l  tons, 


Crete  cinder  pits  were  constructed  in  dupli- 
cate. 100  ft.  in  length,  in  order  to  permit 
three  engines  to  be  on  each  pit  at  a  time. 
The  cinders  from  the  engines  tall  by  grav- 
ity ilown  an  incline  inio  a  concrete  pit 
tilled   with   water.     '  -   are  usually 

hard    to    niainlaiii  of    the   hot 

cimlers   collecting   in    spots   and   destroying 
anything  in  close  proximity  to  them.     For 
this  reason,  the  sloping  sides  of  the  pits  on 
which    the    cinders    drop    arc    paved    with 
brick.      Columns     supporting     the     track 
^   and  rails  are  of  cast  iron  of   l-ia 
:  lilled  with  concrete. 
Ill   order   to   handle   the    cinders   cheaply 
and  ciuirkly,  a  ganlrv  crant    i>   pr'ivided  to 
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run  on  rails  between  the  duplicate  pits,  on              LETTERS  TO   THE   EDITORS.  ''''''>'  °^  ^^^  system  is  born  out  by  the  re- 

,  ■  ,     .     ,               1  1  u  _  !,„:,»    ^„Ki.  „f  suits  of  an   elaborate  series  of  tests  made 

which   IS   hung  a   telpher  hoist,  capable  of                                         ^,^  j,^^  ^.^^i^^,^  buildings  erected  within  the 

raismg   a    4-ton   weight.      This    raises    and  ^j^^   ^^^^  ^j  Reinforcements    Used  in  Pa^t    three   years    and   on    which   a   failure 

lowers    and    operates    a    clam-shell    bucket                          .,       „„    .^   ^    ;ij:„„  '^^^  "'=^'^''  ^'^^^   recorded. 

.    ,           ,    ,                                  the  Baxter  Building.  Vonr.:  Tmiv 

for  picking  up  the  cinders  and   depositing  iuuia  ^'"i>! 

them  in  cars.     A  casje   for  the  operator  is  _  Sirs :     Referrhig  to  your  issue   of   April  KlinneaponrMrnn 

=                       1-       _  ,_    which    contains    the    interesting    contri-  '^'^\      ■,   10    innn               iviinneapoiis,  iviinn., 

attached   to   the   telpher,   so  that   he   is   di-  bntion    entitled.    "Method    of    Constructing  -^P"'  1-.  1909. 

rcctlv  over  the   bucket   at   all   times.     This  an    8-storv    Building    with    Some    Data    on 

gantry  crane  is  operated  by  electricity  and  '^^CJ^^r'^JT^!  Idc^d   ^^  maJ^Ihe  Catalogs  Worth  Having. 

■moves    lengthwise    of    the    pit,    while    the  article  more  complete.  Engineers    and    contractors    should    have 

telpher   hoist   moves   crosswise   of   the  pit.           In    reading   the    article    over    the    writer  on    hie    the   latest     catalogs     of     machines, 

This    scheme    has    worked    admirably,    and  cpuld  not  fail  to  notice  first,  that  no  men-  (^g,^  .,,,  j  supplies  that  thev  use.    In  sending 

,      ,            .               ^^.„  tion  was  made  of  the  name  of  the  system  .  ,                 •         ,      '         ■        ■     j     ■ 

while,    as    stated    above,    it    cost    $600    per  ^^  concrete  construction  used  in  the  build-  '"''    catalogs     reviewed    or    advertised    in 

month   formerlv  for  labor  to  load  the  cin-  ing  and  second  that  the  paragraph  devoted  this  paper,  you  will  confer  a   favor  on  us 

ders,    with    this    device   it   practicallv   costs  t°  "s  description  failed  to  convey  an   ade-  if  you   will  write  direct  to  the  advertisers 

.,.,i;n„    f^r  fh.   r.n-.n   tl,,t   thi-   work   is  ^^^'^ '^ea  of  the   cssential  poiiits  peculiar  ^„j   ^j^,^   ^^^^   ^.^^,    ^^^^.   j,              , 

nothing,   for  the   reason   that   this   work   is  to   this   svstem      Most   engineers   and   con-  .        ^     .       _     -                  „                 ="         ,, 

1             u                   1        .1              1                      u       ■  u          .  t,-',,~t^,-c    i^^    fnm;i;or    ,.;tli    th^    "Mnshrnnin  tlOUCd      Ul       t.NGINEERING-CONTR.\CTING.       If 

done   bv  anv   hostler   who   may   be   idle   at  tractors  are   tamiliar  w  itn   tne     iMustiroom 

.  '         '.              .              ,           r    ,        ,  Svstem,"   invented  bv   C.   -\.   P.   Turner  of  you  are  m  the  market  for  tools,  machinerv 

the    time.      A    certain    number    of    hostlers  Minneapolis.   Minn.,  "and   of    which   svstem  or    supplies,    tell    us    and     we     will     notify 

have  to  be   employed  to  take   care  of   the  the    Baxter   Building   of    Portland,   Me.,   is  „,ptK.  the  leading  manufacturers, 

engines    during    rush    hours,    so    that    any  a   typical   example,    and   since   it   is   known 

.          ,         ,           ......                ^  the    country   over    bv   that   name    it    should  No.  1191.     American    Mixer.— The    Interna- 

spare  time  they  have  is  utilized   in   operat-  ^^^  designated  as  such  for  the  benefit  of  the  tional   Fence   ,&   Fireprooilng   Co..    Columbus, 

ing   this    machine.     There    are   TO   yds.    of  reader.  , 

.     ,                          ,    ,    .,      ,             ,         .     ;          .                 T        I         -u-         ,.u          1               .u        .o. t  T'"S    'S    a    ver>-    good    descriptive    catalog. 

Cinders  removed  daily  from  the  cinder  pits.           In   describing  the   columns   the   statement  The  American  mixer  which  is  described  and 

,         c.          .or-          r    c.     T       •  that   "the   arrangement   of   steel   acts   like   a  illustrated    is   a    batcli    mixer    in    which    the 

Jas.    Stewart   &   Co.,   of    St.    Louis,   were  ^^^^^^  j^^^j^^^  |^^^;,j  ^^^^-^^  j^^^.,^..  ^,^^,^  ,,^j  drum   is   stationary   and   the   mi.xing   is  done 

the    contractors    for   the   house   and   cinder  describe  the  arrangement  in  the  Mushroom  Special  claims  kre  made  for  this"  feafure  and 

pits      The  steel  work  for  the  gantry  crane  System.     Correction   should  be  made  of  the  for   the   efficiency   of   the   machine   with   dry 

,  ,        ,      T^              T>  -J        o  statement      that     "bars     run     three     wavs."  mixtures, 

was   constructed   by   the   Decatur   Bridge   &  -p,^^^,^   ^ars   are   the    floor   slab    rods   which  No.    1192.      Concrete    Machinery.-The    Mc- 

Iron  Co.     The  telpher  hoist  and  machinery  are   generally     %-in.    rounds    and   they    al-  Kelvey  Machinery  Co..   Cleveland.   O. 

for  the  eantrv  crane    and  the  telpher  hoist  ways   run  four  ways  over  a  column  top  in  This  40-page  pamphlet  illustrates  and  de- 

,        ,,                 ,,            '                        .       .  J    K  all     standard     constructions     of    this     type.  scribes    briefly    the    batch,    continuous     and 

for    the    roundhouse,    were    constructed   by  , ,   i.-   1                    •    <„ „„.     -.^     „      ,.„„„;^i  hand   power   mixers   made   by    this   companv 

^,      ^         >,         ,         ■.        r-          f  <"  I       J,   .  Multiple-way    reinforcement    is     a     special  and    also    lists    the    firm's    line    of    concrete 

the  Case  Manufacturing  Co.,  ot  Columbus,  feature   of   the   Mushroom    Svstem   and    it  buckets,    skips   and     cars.     The     McKelvev 

Ohio.  mav  be   further  noted  that  these  groups  of  batch    mixer   is   most   particularly   described". 

J                      J      i                  t        ti,c-            i-Q    c.  special   attention    being   given    to    the   patent 

The   cost   of  the   above  improvements  is  [°ds    are    made   ^":°.  J'''^-'^^ 'is   or   (.8    ft^  gravity   shovel  which   does   the  mixing. 

long   wherever    possible.       1  nis    allows    the 

given  below  in  detail;   but,  as  will  be   no-  fl^or    reinforcement    to    pass    over    several  Eug'lnei\ing   Co^^' c?e^x^el^d"'o°'"°  ^''''^'"'<-' 

ticed,  it  does  not  include  the  value  of  the  panels    thus    effecting    considerable    saving  °             °    t  d            1  1  t     f  -1 

old  buildings  utilized  nor  the  value  of  the  in   steel  by  doing  away  with  lap  over  each  trating  tlfe"l'in'e  oTcaVs'^made' byMilt  firm' 

^i^    ~„.-i,;„„_„    -,„j    „„,»    „f    ink.,-    f„_    :~  panel.  Flat,  dump  and  deck  cars  are  most  partlcu- 

■Old     machinerv     and     cost     of     labor     for     in-  ^^    _               ,.             ,               .     ,                                r      ■               i  larlv  described        These  ears   have   rnller  hear 

.11-       ■.  •     lu            u-         u                                      Regarding  the  reinforcement  of  the  col-  „"'  f„r  .he  wheels 

stalling  It  in  the  machine  shop.  umns  the  tendencv  for  the  column  to  swell  '"^"  '"'  '''^  ^ ''""'"■ 

Engine    house    and    turntable  under  compression  is  taken  up  in  the  usual  un^l^er^rDranri^AfachinrCc?..    cfever/ni: 

foundations     $60,000  wav  by  means   of  hoops   for  heavy  loading  ohio. 

Heati"#g    system  •■■■■iih"'nuraD'     ^•*""'  and   round   spiral   rods   in   the   case   of  light  Describes    and    illustrates     the     Universal 

well     etc              '            pump      ^  ^^^  loading.      The   tendencv   for   the   column   to  drafting  maclilne.     Tliis  machine  consists  of 

Smoke    jaciis' V^^^/.'.'.'.'.'.'.'.'.'.'.'.     2.'l00  bend  or  buckle  is  taken  care  of  by  the  ver-  a  graduated  square  liaving  an  accurate  par- 

?.rj.^riT,  sewerage ,  lit  *'"'  \"'''- ■  Tl-se  rods  surround  the  "core"  t^'u^i  -ira"do1,'j?d"M'^L'srji;e"^wl;:?rfn  m^o'^t 

wTrnl''s.nd    iil?,+?            inoft  Or    what    IS    considered    the    efl^ective    area  drawings   consists   of   sets   of   lines   at    right 

Grading                      «00  under  stress  of  the  column.     In  tlie  Mush-  angles.     Both  blades  of  the  square  are  grad- 

??fiu4;;L'?fe'"of"lJ^gine- -house'     '■'"'  room.  System  these  vertical  rods  extend  up  -ted^f.^  ^'"^^I^^^^^J^^^l 

txX,J\          of  engine  house  to    within    2    ins.    of    the   top    of   the    rough  chuck     into     place:     interchangeable.       Anv 

Telnher   hoist lOflfl  floor  slab  and  here  they  are  bent  Over  radi-  length   and   any   scale   supplied.      A   straight 

Walhout  system-  and-motors: !     eisOO  ally  from  the  colunm  until  their  ends  reach  ^^^tse^^  fl^^Sin'^J.   '^^^.o^e^'is''^ 

*  fH.b'-'  the  bottom   of   the   floor   slab,      in   ordinary  necessarj-.   as   lines  may   be  quickly  and  ac- 

Track  bet%veen   turntable  and  construction   two   dififerent   sized   round   bar  curately    extended    with     tlie    square.      The 

engine     house      and      labor  jioons     the    smaller    of    which    is    generally  parallel  motion  is  obtained  by  means  of  two 

laving    (value)       $1955  „>.','      V-       """"•'      ^,       ,                  ?  •  i     i   .'  pivoted    parallelograms,    which    constitute    an 

Turntable     pit     and     founda-  '^•^   ^^^    diameter   of   the    larsrer    which    lat-  arm     joining  the  square  to  the  board.    This 

tion                                        .         $  3  360  ter    mav   be    from    fi   to    l:^    ft.    in    diameter  arm   is  made  flexible,  allowing  the  blades  to 

Turntable     2.430  accordin-^  to  the  distance  between  columns,  ['}'   ««•   "PO"   'he   drawing.     It    is   liinged  at 

■Pirele      rail      inrt      traek      on  <>i-i.tMv.i..„    i^^   i.i^   u...iu    v^  ^1^^    connection    to    the    board,    and    mav    be 

turntable    (v.alue)        .    . .    .    .        fiS5  are    placed   on    the   bent    over   column   rods  easily    lifted   out    of   the    way    ot    the   paper. 

Machinerv        for        operating  forming  what  is  known  as  the  "Mushroom  It   may   be   readily   changed   from   one   board 

turntable 1,075  column   top."      Oyer    this   top    are    laid   the  to  another.     The  square  Is  moved  about   the 

7  cci)  ^'J"">'"    lyp-        ^'                       H                 c       Ac  board  as  easily  as  though  it  were  not  joined 

Cnfler    Pit                                       $6  875  groups  of  parallel  rods,  each  group  of  rods  to  the  arm. 

Gantry  crane-:::::::::;::::::  'SSS  running  in  a  different  direction,  constitut-  ^^  ^^^.  g,^^^^,^  Lrghts.-The  Berger 
Machinery  for  gantry  crane..  2,950  mg  an  arrangement  known  as  multiple  wa\  Jianufacturin"  Co  Canton  O 
Clam-shell  bucket  (value)... 600  ^^^  reinforcement.  There  is  more  than  an  am-  '  An  excellent  descriptive' catalog  of  side- 
pie  quantity  of  metal  over  the  column.  walk  and  vault  lights  and  lighting.  These 
Coaling  station 8,775  jt  ^^-jn  i^p  noticed  that  the  column  top  com-  Hglits  ma.v  be  used  in  roof.s.  courts,  or  side- 
Sand    house    and      machinery  .                        ■,.    j             i„        .      .!,„    a !.   1„„„1  walks,    and    the    space    under    them    for   such 

(value)     2.000  ms   "P   as   it   does   close   to   the    floor   level  purposes    as    salesrooms,    accounting    rooms. 

50.000-gal.    water     tank     and  takes  the   stress   due  to  the  negative  bend-  vaults,    barber-shops,    restaurants,   etc..    etc.; 

fixtures   (value)    1.100  ■.„„  jnomcnt    and    at   the    same   time   serves  in  fact,  for  practically  anv  purpose  ima-ina- 

Three       water       cranes     with  .,  "^                       r  .   i  :        „„„„'  „f  .i,o  ,„.,v-;m,,,-n  We-     Uses  somewhat  out  of  the  ordinary,  but 

water    pipes    and      fixture.s.  the  purpose  of  taking  care  of  the  maximum  gho^.ing    particular   adaptability.    ,nre    exam- 

etc.    (value)    1.000  shearing  stress  near  the  column.  pied  bv  cuts  of  blacksmith  shop,    feed  stor- 

THilii           It  may  be  stated  that  the  mushroom  svs-  ^^e.  and   railroad   tunnels. 

_. ■     ■  tem    is    of    interest    to    contractors    in    par-  No.  1196.     Copper  Clad  steel  Wire.— Duplex 

Note.— Items  with  the  word  "value"   writ-  ticular   in    that   it   lends   itself  to   rapid   and  Metals   Co     New  lor  -.   .  .      ■ 

ru?,';%  tTb'e"e',J''Vo^rn')X'!lIecT^J-!tt\he  economical    construction     since    the   amount  Mo^n'J,? ^oi  ;eT-?fad"s?e'eT  v^'lr'^'n^iarb"^-  ?Kl 

o  d  ^acimies^''  T^e^amounTgiven'i''the^ost  "/  form  work  is  reduced  to  a  minimum  by  above   named   company.     The  pamphlet  con- 

If  new.  the  absence  of  beams.     The  safety  and  sta-  tains  a  number  ot  very  useful  tables. 
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Is  It  True  That  "Any  Considerable  Ex- 
penditure for  the  Improvement  of 
Rural  Highways  Can  Not  Be 
Justified    on    Financial 
Grounds  Alone?" 

The  quoi:itio!i  in  the  ;ibovc  capliuii  is 
irom  Baker's  "Roaih  .nnd  P.ivcmcnts"  (p.  6) 
and,  as  it  has  been  one  of  tlic  main  causes 
of  retardinK  road  development  in  certain 
sections  of  the  country,  it  is  well  worthy 
of  serious  consideration. 

"Good  roads,"  says  Prof.  Baker,  "arc 
chiefly  desirable  for  the  same  reason  that  a 
man  buys  a  carriage  or  builds  a  fine  house, 
i.  e.,  because  they  are  a  comfort  and  a 
pleasure."  Is  this  the  reason  why  one 
never  sees  an  earth  road  in  France  or 
England?  Is  it  a  fact  that  tlie  people  of 
Europe  have  such  abundant  financial  means 
that  they  have  built  good  roads  merely  for 
the  pleasure  thus  afforded?  We  are  con- 
fident that  this  is  not  so,  and  our  confi- 
dence is  not  based  solely  upon  "horse 
sense,"  but  upon  a  logical  demonstration 
that  few  farming  communities  are  so  poor 
that  some  sort  of  a  good  road  will  not 
prove  to  be  a  wise  investiiient. 

Elsewhere  in  this  issue  appears  the  fourth 
chapter  of  a  serial  article  on  the  theory  of 
economic  road  design  and  location.  In  the 
fifth  chapter  of  that  article  (which  will 
appear  next  week)  certain  rules  have  been 
dedticed  for  determining  the  justifiable  ex- 
penditure for  converting  an  earth  road  into 
a  paved  road  under  any  given  conditions. 
In  spite  of  the  fact  that  thousands  upon 
thousands  of  pages  of  reading  matter  have 
been  printed  on  the  subject  of  the  economic 
advantages  of  good  roads,  this  is  the  first 
time,  so  far  as  we  know,  that  a  definite 
rule  has  been  laid  down  for  determining 
exactly  how  much  money  can  be  profitably 
spent  in  any  given  case  to  provide  a  paved 
highway.  We  use  the  word  pavement  in 
the  broad  sense  given  in  Webster's  dic- 
tionary, which  docs  not  exclude  macadam 
nor  even  a  rolled  gravel  road. 

Prof.  Baker's  fallacious  conclusion  that  a 
good  road  is  never  "justified  on  financial 
grounds  alone"  is  based  upon  a  fallacious 
assumption,  namely  that  the  team  time 
spent  in  hauling  is  time  that  could  be  spent 
in  doing  nothing  else,  and  that  there  is 
more  than  abundant  team  time  available 
'for  hauling  in  the  "idle  season"  after  the 
crops  have  been  harvested.  In  chapter  III 
of  our  serial  article  we  have  shown  the 
false  nature  of  Prof.  Baker's  assumption, 
and  we  shall  not  repeat  the  demonstration 
here. 

Another  feature  of  that  serial  article  to 
which  attention  should  be  drawn  is  that 
chapter  IV  contains  the  first  published 
demonstration  of  the  cost  of  road  mainte- 
nance expressed  in  cents  per  ton-mile. 
Maintrnanrc  costs  have  always  been  re- 
corded either  in  terms  of  the  mile  of  road 
or  of  the  square  yard  oi  .in- 

niim,  and  in  that   form  t  ,IIy 

M>ri>n  C.  Clark  PuhlUhing  Cn.      Ml  rights 


useleti    for   solving   problems   of   highway 

.     iT-mics.     If  it  strange  il  '    '      ' 

i:!.^.iy  economics  as  a  c 
!      K-.  on  ro.i' 
^;^.l■,p  the    sij;: 

using  the  ton  mile  as  tin-  unit  i 
ing  n'lt  only  hauling  csts  but  n: 
costs.  Yet  we  do  not  hesitate  lo  say  that 
no  economic  science  of  highway  design  is 
l>ossiblc  until  the  ton-mile,  or  its  equiva- 
lent, is  adopted  as  the  unit  to  which  all 
costs  must  be  reduced. 

A  good  road  differs  not  a  whit  from  a 
railway  in  the  general  character  of  the 
economic  problems  that  it  presents,  for 
both  are  means  for  reducing  the  cost  of 
transportation.  But  while  the  general  chgr- 
actcr  of  the  economic  problems  is  identical, 
the  data  to  be  used  are  very  different.  It 
is  greatly  to  the  discredit  of  highway  engi- 
neers that  data  regarding  maintenance  co-t- 
are so  meagre,  for  this  meagrenc-  '  ! 
with  the  fact  that  maintenance  • 
never  been  reduced  to  the  ton-mile  as  the 
unit,  has  served  seriously  to  mislead  many 
capable  engineers  among  whom  may  be 
numbered  the  author  of  the  book,  a  quota- 
tion  from  which  is  under  discussion. 

"Engineering  News"  has  sided  with  Prof. 
Baker,  and  in  its  issue  of  Nov.  15,  \0W 
has  expressed  its  belief  thus :  "The  great 
bulk  of  our  highways  must  remain  dirt 
roads,  for  one  or  two  generations  at  least, 
if  not  indefinitely." 

If  it  were  true,  as  Prof.  Baker  affirms, 
that  farm  team  time  spent  in  hauling  has 
only  a  nominal  value  (p.  l'»  of  Baker's 
"Roads  and  Pavements"),  then  Prof.  Baker 
and  "Engineering  News"  would  be  un- 
doubtedly correct  in  their  prognastication 
that  we  shall  always  have  the  "dirt  road" 
with  us,  and  little  else  but  the  "dirt  road." 
However,  such  an  assumption  is  probably 
the  most  flagrant  example  of  false  reason- 
ing that  has  ever  found  its  way  into  engi- 
neering literature.  That  it  has  done  incal- 
culable harm,  particularly  in  retarding  the 
good  road  movement  in  such  states  as  Illi- 
nois, can  hardly  be  denied. 


What  the    Great    English    Engineer, 
Telford,  Said  About  Day  Labor 
as  Compared  with  Con- 
tract Work. 

t 'lie  oi  tiic  greatest  cml  engineers  of  all 
time,  and  the  vrratest  of  his  own  limr,  was 
Th.  ! 

ro.... 

and  builder  ot  numerous  caiuls  and  docks. 
He  was  the  first  president  (IftW)  of  the 
Institution  of  Civil  Engineers. 

Of  all  the  monuments  to  Telford's  hard 
common  sense  and  engineering  skill  none  is 
greater  than  the  "Rules  for  Repairing 
Roads,"  of  which  he  is  author.  There  are 
seven  of  these  rules,  and  the  most  import- 
ant of  all  was  reserved  for  the  last.  Rule  7 
is  entitled  "Management  of  Labor,"  and 
reads  as  follows : 

"All  latwr  by  day's  wages  oiighl.  a*  far  as 
possible,   lo  br  discont  Iniie.l      The  surveyora 

of  republication  riscrxcJ. 
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should  make  out  specifications  of  the  worlv 
of  every  kind  that  is  to  be  performed  in  a 
given  time.  This  should  be  let  to  contrac- 
tors, and  the  surveyors  should  take  care  to 
see  it  completed  according  to  the  specifica- 
tions before  it  is  paid  for.  Attention  to  this 
rule  is  most  essential,  as  in  many  cases  not 
less  than  two-thirds  of  the  money  usually  ex- 
pended   by    day   labor   is   wasted." 

This  rule  was  written  a  century  ago,  but 
time  has  not  altered  the  nature  of  men  nor 
the  soundness  of  Telford's  advice.  Yet  it 
was  only  a  little  more  than  a  decade  ago 
that  the  first  American  state  passed  a  law 
giving  "state  aid"  in  road  construction  and 
prescribing  that  the  work  be  done  by  con- 
tract. Prior  to  that,  either  the  day  labor 
system  or  the  system  of  working  out  taxes 
on  the  roads  had  been  the  customary  prac- 
tice, with  results  that  still  remain  a  dis- 
grace to  the  intelligence  of  Americans. 
Now,  under  the  contract  system  of  building 
state  roads,  a  veritable  revolution  is  taking 
place.  The  wonderful  change  in  the  public 
attitude  toward  road  building  has  been  at- 
tributed by  many  entirely  to  the  plan  by 
which  the  state  shares  a  large  part  of  the 
expense.  Undoubtedly  this  is  an  important 
factor,  but  more  important  still  is  the  adop- 
tion of  Telford's  method — the  contract 
method  of  doing  roadwork. 

It  is  interesting  in  this  connection  to  re- 
cord Telford's  success  in  the  building  of 
nearly  1,000  miles  of  roads  in  Scotland  by 
contract.  He  let  120  contracts  for  this 
roadwork,  which  extended  over  a  period  of 
18  years,  and  in  that  time  there  was  not  a 
single  lawsuit  arising  from  any  of  these 
contracts.  The  work  was  done  with  an 
economy  unheard  of  before  Telford's  time, 
and  it  was  small  wonder  that  his  fame 
spread  beyond  the  British  Isles,  and  led  to 
his  being  called  as  consulting  engineer  on 
numerous  engineering  projects  in  Europe. 

Telford  had  discovered — or  rather  redis- 
covered— the  principle  that  workmen  are 
far  more  efficient  when  in  the  employ  of  an 
individual  or  firm  than  when  in  the  employ 
of  a  government,  whether  it  be  a  county, 
town,  city  or  state.  His  success  as  an  engi- 
neer rested  as  much  upon  the  application  of 
this  principle  as  upon  his  own  genius  as  a 
designer  of  engineering  structures. 

Within  the  last  few  years,  concomitant 
with  the  revolution  in  the  political  economy 
of  road  building,  there  has  come  a  reac- 
tion against  the  contract  system.  It  is  seen 
in  several  cities  where  municipal  asphalt 
plants  have  been  established,  and  in  other 
cities  where  labor  unions  are  demanding 
the  abolition  of  the  contract  system.  But 
the  most  conspicuous  example  is  the  Pan- 
ama canal.  Fortunately,  if  the  full  facts 
become  generally  known  as  to  the  enor- 
mously high  unit  costs  at  Panama,  this 
blunder  in  administration  will  stand  as  a 
gigantic  monument  to  warn  others  away. 
Nevertheless,  at  present  the  Panama  exam- 
ple is  having  its  pernicious  eflfect. 

Engineers  who  have  executive  capacity 
are  urging  municipal  authorities  to  build 
municipal  plants  for  doing  this,  that  and 
the  other  thing  by  day  labor.  Only  a  few 
weeks  ago  it  was  proposed  in  Detroit  that 
the  city  build  a  plant  to  make  its  own  pav- 


ing bricks— and  why  not?  If  there  is  logic 
in  building  and  operating  such  a  municipal 
asphalt  plant  as  Detroit  has,  why  stop 
there?  It  is  equally  logical  to  go  into  the 
manufacturing  business  and  produce  paving 
blocks,  or  sewer  pipe,  or,  indeed,  any  prod- 
uct, tool  or  machine  that  the  city  needs. 

Every  manufacturer  is  a  contractor — 
nothing  more,  nothing  less.  The  primary 
difference  is  that  the  manufacturer  has  a 
fixed  plant,  whereas  the  contractor  moves 
his  plant  from  place  to  place.  The  con- 
tractor who  builds  a  concrete  sewer  is  as 
much  of  a  manufacturer  as  the  firm  that 
makes  vitrified  sewer  pipe.  Who  is  there 
demanding  the  abolition  of  the  private  man- 
ufacturing system  of  production?  Not 
many  as  yet,  although  the  demand  has  been 
voiced  at  Detroit  as  far  as  bricks  are  con- 
cerned. Yes,  and  the  U.  S.  Reclamation 
Service  built  a  cement  factory,  and  one 
was  seriously  considered  by  the  Panama 
Canal  Commission. 

Engineering-Contracting  is  making  no 
idle   plea   for  the   continuance   of  the   con- 
tract  system  when   such  papers  as   "Engi- 
neering News"  advocate  the  building  of  the 
Panama    canal    and    the    dredging   of    New 
York  harbor  by  day  labor.     Has  the  News 
forgotten    Telford's   seventh    rule    for   eco- 
nomic   road    construction?      Or    was    that 
rule    unknown    to    the    News?      We    com- 
mend a  study  of  it  and  consideration,  be- 
cause of  the  fundamental  principle  involved. 
Engineers  frequently  ask  why  Engineer- 
iNG-CoNTR.\CTiNG    opposes    the    day    labor 
system.     One  of  our  readers  not  long  ago 
wanted  to  know  whether  we  regarded  en- 
gineers as  being  inferior  to  contractors  in 
executive  ability.     Candidly,  we  do,  taking 
engineers  as  a  class,  for  not  many  of  them 
have   had   the   necessary  training   as   man- 
agers.    But,   on   the   other   hand,   many  of 
the   most   successful   contractors   are   engi- 
neers,   and   their   engineering   training   has 
been    of   great    aid    in    their    advancement. 
The  question,  however,  is  not  whether  en- 
gineers possess  executive  ability,  but  whether 
any  man  can  so  change  the  nature  of  work- 
men  as  to   secure  their  best   efforts  when 
working  for  an  employer  whom  they  never 
see.     Such   is  the  fact.     The   employer  of 
the  workmen  at  Panama  is  not  Col.  Goe- 
thals,  for  he  is  but  an  employe  himself.    He 
has  not  even  seen  the  great  composite  pic- 
ture of  the  ninety  millions  who  employ  him. 
The     employer     is     wealthy     beyond     the 
dreams  of  avarice — this  ninety  million  com- 
posite man.     What   if   it  does  cost  him   a 
little  more?     It  won't  break  him.     What  if 
I  do  loaf  a  bit?    Who  will  tell  him?    Why 
should   I   scheme   to   devise  a   labor   saving 
method   or   appliance?     He  will   never   re- 
ward me.     He  doesn't  even  know  me,  and 
never  can. 

Whether  such  thoughts  as  these,  or  oth- 
ers, actuate  the  man  working  by  the  day 
for  the  government,  the  fact  remains  that 
the  surest  way  to  make  a  workman  slothful 
is  to  pay  him  directly  out  of  the  purse  of 
Uncle    Sam.     Nor    is   the   city,    county   or 


state   purse   any    less    sporific   in    its    influ- 
ence. 

A  contractor's  profits  do  not  represent  a 
sum  taken  by  a  useless  "middleman,"  as  so- 
many  engineers  seem  to  think.  Such  profits^ 
are  the  payment  for  skilled  supervision  and 
for  courageous  experimenting  with  new 
machinery.  They  represent  in  part  the 
margin  of  difference  between  mediocrity 
and  excellence. 

Profits  are  prizes  in  the  industrial  game, 
which  convert  labor  into  play  and  change- 
the  whole  attitude  of  a  man  toward  work. 
To  the  man  who  plays  the  game  most  skill- 
fully comes  the  largest  prize,  yet,  in  the 
end,  the  public  is  also  a  sharer,  for  compe- 
tition inevitably  prevents  the  contractor  or 
manufacturer  from  taking  more  than  a 
moderate  fraction  of  the  saving  that  he 
effects. 

If  you  wish  to  make  drudgery  of  work, 
pay  managers  on  a  salary  basis  and  hire 
men  by  the  day.  If  you  aim  to  make  work 
a  pleasure,  pay  all  men  in  proportion  tc^ 
their  performance  under  competition,  giv- 
ing profits  to  the  contractor,  or  manufac- 
turer, and  w^ages  plus  a  bonus  to  the  work- 
men. 

To  the  lasting  credit  of  Telford  it  will 
be  ever  said  that  he  was  the  first  great  engi- 
neer to  perceive  the  economic  importance 
of  this  principle;  and  it  was  largely  due  to- 
his  keen  perception  and  application  of  the 
principle  that  he  owes  his  greatness. 


.-\  ship  canal  across  Scotland  is  now  be- 
ing discussed.  At  the  present  time  there 
are  two  waterways  across  Scotland.  One 
of  them  is  the  Caledonian  canal,  which  has 
a  large  number  of  locks  and  will  receive 
vessels  up  to  160  ft.  in  length.  The  other 
is  the  Forth  and  Clyde  canal,  39  miles  long, 
27  ft.  wide  at  the  bottom  and  10  ft.  deep, 
which  was  opened  for  traffic  in  1790.  None 
of  the  projects  under  discussion  relates  to- 
tlie  Caledonian  canal,  but  there  are  several 
with  regard  to  the  other.  One  of  them  is 
to  enlarge  it  to  accommodate  the  heaviest 
battleship  of  the  navy,  and  the  other  is  to 
alter  it  into  a  tidal  canal  with  hydi-aulic 
lifts  at  each  end.  Other  plans  for  a  ship 
canal  have  also  been  proposed.  One  of 
these  starts  in  the  neighborhood  of  Clyde- 
bank and  runs  along  the  Forth  and  Clyde 
canal  for  some  distance  and  then  through 
the  valleys  of  the  Kelvin,  Bonny  and  Car- 
ron  to  the  Forth  river.  This  project  con- 
templates six  locks  at  each  end  of  the 
canal.  .Another  route  is  f  roin  Grange- 
mouth on  the  Forth  to  Loch  Lomond,  up 
that  lake  and  across  a  narrow  neck  of  land 
to  Loch  Long,  and  through  the  latter  to 
the  Firth  of  Clyde.  This  last  route  is 
advocated  by  the  Forth  and  Clyde  Canal 
National  Association,  and  is  estimated  to 
cost  about  $90,000,000.  Although  it  is  be- 
lieved that  a  canal  along  any  of  these 
routes  would  be  used  to  a  considerable 
extent  by  merchant  vessels,  the  main  argu- 
ment for  the  great  expenditure  is  military, 
and  a  decision  to  build  along  any  one  of 
the  routes  is  likely  to  be  determined  by  the 
strategic  importance  of  the  work. 


Harbor  improvements  to  cost  $9,000,000 
nn  the  part  of  San  Francisco  are  author- 
ized by  a  bill  just  passed  by  the  California 
legislature.  The  scheme  must  have  the 
sanction    of    the    voters   of   the    city. 
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Concrete  and   Reinforced  Concrete  Section 


Kotc: — Thl»  sccliun  Li  dc\utcil  Iti  mcthotls  and  cost  of  conslructinc  concrete 
and  reinforced  concrete  slrutliire>.  It  will  co\er  the  selection,  te^lin;;  and 
proportloiiinK  of  concrete  uialeriaU :  laborat<ir>  le>t>  of  concrete;  concrete 
niixinK.  lr;in>portalioii  and  placinn ;  fabrication  and  placing  of  reinforce  lu-nl, 
ond  form  v.on>truction  and  erection.  It  will  aKo  contain  articles  on  new  and 
interestinK  devclopntents  in  the  design  of  reinforced  coiurele. 
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Fig.   1 — Sections  of  Interlocking  Steel   Shells. 


l)een  previously  employed  in  Colorado  in  a 
few  structures,  this  Chicago  work  is  its 
first  use  with  plans  established  and  all  de- 
tails worked  out.  The  work  in  question 
consisted  in  inclosing  an  area  of  reclaimed 
beach  on  the  shore  of  Lake  Michigan  and 
raising  it  by  filling  and  of  constructing 
foundations  for  a  large  residence  on  the 
reclaimed  area.  Briefly,  the  work  con- 
sisted in  sinking  a  row  of  interlocking  con- 
crete piles  practically  inclosing  the  re- 
claimed area  and  of  sinking  similar  piles 
in  rows  <>r  clusters  to  support  the  resi- 
dence foundations. 

The  construction  consists  in  sinking  bv 
jetting  sheet  steel  shells,  filling  them  with 
concrete  as  they  sink.  Figure  I  shows  the 
shell  construction  for  round  piles,  and  the 
interlocking  detail  will  lie  noted.  Other 
shaped  shells  may  lie  used,  a  standard  shape 
being  two  flat  ends  connected  by  flat  arcs 
forming  sides — an  oval  with  the  ends  cut 
off  and  closed  by  flat  plates  on  which  are 
the  tongues  and  grooves.  In  the  Chicago 
work  mentioned,  round  shells  20  ins.  in 
diameter  and  10  ft.  long  were  used.  In 
constructiiiii    the   shell    is    fabricilril   to   full 
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of  the  shells  is  in  arch  bridge  construction. 
In  such  cases  the  shells  are  curved  to  the 
arc  of  the  arch  and  interliK-kcd  side  by 
side,  the  ends  resting  against  the  abut- 
ments. Holes  in  the  top  surface  of  the 
shells  permit  filling  with  concrete.  Bridges 
of  this  form  have  been  constructed  in  Colo- 
rado, and,  it   is  stated,  at  a  decided  rcdue- 


Method  and  Cost  of    Constructing    a 
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Fig.    2 — Sinking    Interlocking    Shell!  by  Jetting. 
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trestle  and  half  at  the  middle:  half  of 
the  sand  at  the  middle  and  half  at  the  up- 
per end ;  half  of  the  steel  at  the  lower 
end  and  half  at  upper  end,  and  all  cement 
at  the  middle. 

Five  mixing  boards  were  established 
along  the  trestle,  and  stone  was  broken 
successively  at  each  as  it  was  needed  for 
the  concrete.  The  water  pipe,  which  ran 
alongside,  was  shortened  as  the  work  pro- 
gressed.     The   sand   and   gravel   were   sep- 


2.x4-in.  plank  spiked  to  the  old  trestle 
bents,  on  which  were  also  preserved  the 
line  and  grade.  The  guard  rails  and  track 
rails  were  next  removed,  then  the  cross 
ties  and  four  inner  stringers  were  unbolted 
and  lowered  by  ropes  to  the  ground  and 
piled  so  as  to  form  mixing  boards.  The 
remaining  outside  stringers  were  then 
shifted  out  to  the  ends  of  the  bent  caps, 
leaving  a  clear  space  in  the  center  8  ft. 
6   ins.    by    26   ins.    deep.      In   some   places 
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Fig.  3 — Filling    Behind   Completed   Sea   Wall    of    Interlocking    Shells. 


arated  by  screening  and  sent  to  the  mix- 
ing boards  through  temporary  chutes,  the 
superstructure  concrete  being  1  part  cem- 
ent, 2  parts  sand,  2  parts  %-in.  gravel 
and  2  parts  %-in.   stone. 

Work  was  begun  with  a  force  of  li) 
men  working  9  hours,  of  whom  1  was  a 
foreman  drawing  $4  a  dav,  1  carpenter 
at  $2.50,   1   steel  bender  at  $2.25,  and  T  la- 


the tops  of  these  stringers  were  2  ins. 
above  grade  and  in  other  places  2  ins. 
below,  otherwise  they  represented  approxi- 
mately the  level  for  the  new  work  and 
allowed  a  clearance  of  3  ins.  for  the  out- 
side girder  form  of  the  new  work.  Next 
2x6-in.  spruce  floor  timbers  for  the  girder 
forms  were  hung  at  3-ft.  intervals  on  a 
grade   27%    ins.    below   by   2x4-in.    battens 
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oundation    Footing    on    Interlocking   Shells. 


borers  at  $1.75  each.  When  the  road 
closed  down  the  force  was  doubled.  8  more 
laborers  being  added  at  $1.75  and  2  car- 
penters at  $2  and  $3.25,  respectively,  these 
latter   working   for   a   bonus. 

Concreting  the  footings  began  on  Oct.  18 
and  dismantling  the  old  trestle  at  the  same 
time,  with  some  men  fabricating  steel, 
some  building  forms,  some  breaking  stone 
and  some  excavating  the  upper  footings. 

The  pulleys  were  first  removed  from  un- 
der the  cable,  and  the  latter  supported  by 


spiked  to  the  outside  of  the  old  stringers. 
The  old  bent  caps  were  then  gained  out 
for  each  new  girder  to  the  grade  of  the 
floor  timber,  and  a  l%xl2-in.  by  16-ft.  bot- 
tom board  for  each  of  the  three  new  gird- 
er forms  nailed  in  place.  These  girder 
forms  were  then  built  up  to  a  depth  of 
26  ins.  of  l%x9-in.  spruce  matched  boards, 
l%x4-in.  pieces  being  used  for  battens 
every  .36  ins.  These  sides  were  braced 
internally  at  3-ft.  intervals  by  tablets  taken 
from    the    footing    forms    and    placed    like 


cross-partitions  between  the  girder  forms. 
The  outer  sides  were  braced  by  wedging 
against  the  2x4-in.  hangers  and  old  sup- 
porting stringers,  the  tops  of  the  latter 
being  held  from  gaping  outward  by  l%x4- 
in.  strips  nailed  across  the  top  over  the 
floor  timbers.  The  three  floor  timbers 
at  the  center  of  each  span  were  then  fur- 
ther supported  from  below  by  struts  com- 
posed of  old  ties  and  braces  from  the 
dismantled  structure. 

The  forms  for  the  batter  posts  and  brac- 
ing struts  were  made  up  in  trough  form,, 
leaving  the  outer  and  upper  side  open, 
then  set  in  place  on  the  foundation,  and 
the  tops  sawed  to  fit  the  bottom  of  the 
girder  forms.  The  webs  were  then  built 
between  their  tops,  uniting  the  whole  with 
the  girders.  The  post  and  strut  forms 
were  then  properly  braced  and  supported, 
the  reinforcing  steel  put  in  place,  a  sec- 
tion of  the  fourth  side  put  in  place  and 
the  w-hole  securely  clamped  together  by 
%x26-in.  bolts  passing  tangent  to  two  sides 
and  drawing  2x4-in.  yokes  against  the  re- 
maining two  sides. 

The  reinforcement  having  been  placed 
in  the  girders,  the  concrete  was  then 
poured  in  and  carefully  rammed  and  spad- 
ed, and  the  third  side  built  up  and  clamped 
directly  ahead  of  the  concreting  so  as  to 
permit  the  most  careful  placing  of  the  lat- 
ter without  chance  of  displacing  the  rein- 
forcement. These  posts  were  concreted 
together  up  to  the  level  of  the  girders 
for  two  bents  usually.  Owing  to  the  30° 
surface,  the  tops  of  the  girders  had  to  be 
boarded  over  continuously  as  the  concret- 
ing progressed  to  keep  it  from  running 
out,  and  a  section  of  1-in.  pipe  had  to  be 
left  in  place  every  4  ft.  in  the  outer  gird- 
ers through  which  to  bolt  the  track  to  the 
new  structure.  When  concreting  stopped 
for  the  day  bulkheads  in  the  form  of  sad- 
dles were  placed  in  the  web  at  a  bent, 
these  bulkheads  being  removed  the  next 
day,  allowing  the  concrete  of  each  girder 
on  the  succeeding  day  to  begin  half  way 
in  the  web   of  the  preceding  bent. 

Each  batter  post  was  reinforced  by  a 
rack  composed  of  %-in.  rods  wired  to  dow- 
els in  the  footing  or  let  into  holes  drilled 
in  bedrock,  extending  up  through  the  gird- 
er above  it  nearly  to  the  top  surface  and 
bound  together  every  18  ins.  by  a  rectan- 
gular hoop  of  ■'4-in.  corrugated  bar,  pre- 
viously bent  to  the  right  form  and  secure- 
ly wired  together.  These  racks  were  made 
up  as  needed,  and  when  set  in  place  inside 
the  forms  had  about  1  in.  of  clearance 
around  them  and  had  to  be  constantly 
watched  by  the  man  ramming  the  concrete 
to  keep  them  centered.  Each  strut  brace 
had  a  %-in.  rod  within  1  in.  of  each  of 
its  two  lower  corners,  wired  to  tlie  foot- 
ing dowels  and  passing  up  through  the 
central  girder  nearly  to  the  surface,  and 
requiring  great  care  in  placing  the  concrete 
to  maintain   them  in  place. 

Each  girder  had  two  %-in.  bars  sus- 
pended from  the  cross-batters  on  top  of 
the  forms  by  wire,  so  that  they  lay  1%  ins. 
below  the  upper  surface  continuously,  and 
two  mtermediate  8-ft.  bars  over  each  web 
for  continuity.  .\t  6-in.  intervals  eleven 
stirrups  were  hung  on  them  at  the  bent 
webs  and  two  more  were  hung  near  the 
center  of  span,  so  that  they  lay  in  V-shape 
normal  to  the  axis  of  each  girder  and  1 
in.  distant  from  its  bottom  and  sides.  Four 
%-in.  bottom  bars  were  then  hung  or  laid 
in  these  stirrups,  the  length  being  34  ft. ; 
two  were  made  to  break  joints  at  each 
bent.  When  these  bars  were  all  in  place 
and  securely  wired,  two  %-in.  bars  were 
sprung  into  the  cross-struts  at  the  center 
of  span  and  four  more  in  each  of  the 
webs  and  wired  in  place.  Whereupon  the 
girders  were  ready  for  concreting. 
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The  cuiiKr«lion  ol  ^tccl  at  the  wcli* 
made  it  ilitTicult  to  place  the  concrete  ami 
properly  ram  it  at  and  near  the  •.•'•'■  ■I 
particularly  In  place  and  remove 
and  clean  out  the  torms  before  K"  „  -  1 
with  the  concreting.  It  was  aUo  hard  to 
place  the  concrete  in  the  top  o(  the  brae- 
inu  struts.  The  best  results  in  placing  the 
concrete  were  attained  with  a  very  wet 
mix,  poured  so  that  the  water  would  (low 
up  the  lornl^  ahead  and  tie  followed  by 
a  i^rout,  which  ran  all  around  and  belwerii 
the  reinforcement,  leaving  the  stone  ami 
gravel  ti>  be  rammed  down   into  it   at   la>t 

The  mi.xinK  was  done  by  hand,  the  t{aii,{ 
being  divided  so  that  I'lic  batch  was  being 
separated  while  the  other  was  being  depos- 
ited. The  sand  and  gravel  were  sent 
to  the  board  by  a  chute,  the  stone  broken 
at  the  edge  of  the  bt)ard  as  used,  and  the 
cement  carried  to  the  b<iard,  each  man  tak- 
ing a  bag  as  he  came  to  work  and  after 
lunch.  Inclined  runways  of  plank  were 
shifted  from  bent  to  Ix-nt  for  the  posts 
and  others  built  from  the  mixing  board  to 
the  top  of  structure  and  planks  laid  along 
the  siJes  of  the  girder  forms  in  such  man- 
ner that  the  employes  could  return  to  the 
board  without  interfering  with  the  loaded 
pails  Owing  to  the  steepness  of  the 
ground  and  of  the  grade  on  the  finished 
work,  there  was  unusual  danger  of  acci- 
dents and  need  of  constant  vigilance  to 
prevent  bad  results  from  careless  work, 
and  this  is  the  reason  why  only  so  many 
men  were  employed  and  in  such  a  man- 
ner. 

Because  of  the  unexpected  depth  of  thir- 
teen of  the  footings,  a  %-in.  steel  bar  en- 
cased in  6  ins.  of  concrete  was  placed  as  a 
tic  between  the  batter  post  feet  wherever 
the  latter  did  not  reach  directly  to  bed- 
rock. This  and  37  cu.  yds.  of  extra  con- 
crete not  indicated  on  the  plans  and  a  cor- 
responding quantity  of  excavation  not  orig- 
inally called  for  delayed  the  completion  of 
the  work,  which  was  to  have  lieen  finished 
on  Dec.  I.  so  that  it  took  until  Dec.  12  to 
complete  it.  The  weather  was  unusually 
favorable,  being  dry  and  warm  until  Nov 
3,  from  which  time  on  there  were  light 
S(|ualls  of  snow,  succeeded  by  mild  weather 
till  Dec  I,  when  it  became  so  cold  that 
the  aggregates  had  to  be  heated,  .^n  old 
section  of  steel  smokestack,  4  ft.  in  diame- 
ter and  12  ft.  long,  was  filled  with  tire 
and  sand  and  gravel  piled  over  it,  the 
water  being  heated  in  pails  over  a  fire. 

The  U  M.  ft.  of  form  lumber  sufficed 
to  complete  alxiut  half  the  forms,  and 
thereafter  the  forms  first  concreted,  having 
htvn  filled  ten  days,  were  stripped  and  tlu- 
lumber  used  as  the  form  work  progressed. 
When  the  clamps  were  removed  the  post 
forms  came  ofT  in  four  pieces  in  good 
shape  to  be  set  up  again  at  once,  but  the 
girder  and  web  forms  had  to  be  taken  apart 
and   rebuilt. 

The  top  boards  and  tie  strips  were  first 
pried  o(T  the  to|)  of  the  girders,  the  hang- 
ers and  floor  timber  next  removed,  tlieii 
the  old  stringers  pried  off  and  lowered 
with  rfipes.  all  the  girder  batters  then 
kiKHrked  off.  and  the  form  Imards  taken  otT 
separatelv  from  both  the  f>utsidc  and  In- 
side of  girders,  webs  and  struts  The 
bottom  boards  to  the  girders  and  diagonal 
strut  braces  were  left  in  place  two  week-< 
longer,  with  props  under  them,  and  then 
the  old  l)ent  caps  were  sawed  in  two  and 
the  t)ent  limber  unIioltr<l  and  dismrml)ered, 
releasing  the  bottom  Iwiards.  which  were 
then  removed,  leaving  the  concrete  com- 
pletely   stripped. 

There  was  very  little  pointing  necessary, 
except  on  the  posts,  which  was  done  from 
a  ladder,  after  which  the  exterior  surface 
were  given  a  wash  of  cement,  alum  nnd 
lye,  riiblied  in   with  a  cement  brick  to  wa- 


lerpr"o|  the  sirticliire  and  reiii-nc  boarO 
marks.  I'he  cable  was  blocked  up  on  the 
concrrle  webs,  the  lies  and  guard  rails 
Uilted  oil.  the  pulleys  rehung  and  track  laid 
back  in  place  by  the  Utis  Railway  Com 
pany,  replacing  track  not  coming  under 
the  contract. 

The  amount  of  work  done  under  this 
c.intract  was  as  follows:  Excavation  called 
for  S"  cu.  yds  earth,  and  extra  excavation 
uncalled  for  l>3  cu.  yds.  boulders,  making 
a  total  of  150  cu.  yds. ;  dismantling  and 
piling  34  M.  ft.  yellow  pine  structure:  .'17 
cu.  yds.  concreting  (1-3-6)  in  extra  foot- 
ings ;  li'>  cu.  yds.  concreting  called  for 
(1-2-4),  reinforced:  13  tie  rods  for  bat- 
ter post  feet :  cleaning  up  and  removal  of 
debris;  total  cost  $4,332  14;  contract  price, 
$4,(KK);  e-xtras,  $t!77.75;  total,  $4,077.75; 
profit  on  contract,  $345.01. 

Daily  records  were  kept,  showing  kind 
of  weather,  temperature,  amount  of  each 
kind  of  work  done,  with  proportion  of  pay 
roll  spent  in  doing  it  and  the  unit  cost 
noted  down  for  the  immediate  purpose  of 
more  economically  planning  the  next  day's 
work.  .\  distribution  statement  showed 
the  cost  of  both  labor  and  material,  charged 
up  against  each  item  of  work  performed 
during  the  week  and  the  unit  costs  com- 
puted for  each.  .X  comparison  was  made 
between  weekly  average  and  daily  rate>, 
and  the  conditions  prevailing  on  those  days 
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Detail  of  Reinforced  Concrete  Trestle. 

showing  the  most  economic  rates  were 
then  planned  for  the  succeeding  week's 
work. 

Separate  records  were  kept  for  the  items 
applying  to  the  general  contract,  the  costs 
on  extra  work  being  kept  apart  Finally 
all  the  costs  were  referred  to  the  quantity 
of  work  done  under  them  in  the  form  of 
unit  prices  per  cubic  yard  and  the  per- 
centage which  each  represented  to  the 
whole. 

The  itemized  cost  of  the  work  is  given 
in   tables  I.  II  and   III. 

T.vm.K    I  -COST  OF   \Zh  CV.   YDS.   OK 
KKl.VFORCED   CONCRETE. 
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rulnlInK  up  eoncrete 

tl  94 

0..17 

o.to 

II  91 

<  imrul  tiilal   eoncri'tp 

19.  C3 

Fiinnii : 

l.iinihi'r.  Iiultii  nnd  nalUi.. 
t-'iihrleallnic  and  erecting. . 

;  '.s 

Toinl   fi)rmii    

Is  .;;i 

Itrlnfnrermenl ; 

MnliTlnla.   Imrit.  wir.-    .1 

Kiihrlrnllns 

riaelnic    .  . 

'  :i 

Tolnl   rrlnforeeiiienl 

..     .      II, ss. 

m: 
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IN  .\ 
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Excavation    tt.Ol 
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K'TfTt   nirtT'-rlal    g^jo 

'         '  •  steel   Itara) silo 
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inrnt.  ti-'O;  aand.  $1.15; 
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Tremies  are  being  employed  in  deposit- 
ing concrete  under  water  for  the  new  De- 
troit  River  tunnel  of  the  Michigan  Central 

The  concrete  around  the  tubes  is  depos- 
ited by  means  of  these  tremies  operated 
from  a  barge,  on  which  is  the  concrete 
mixing  plant.  The  tremie  tubes  can  be 
r.iised  and  lowered  in  the  three  towers. 
When  the  scow  is  anchored  over  one  of  the 
'23  compartments  in  each  section  of  the 
tunnel,  the  middle  tremie  will  deposit  con- 
crete between  the  two  tubes  and  each  side 
tremie  between  the  tube  and  the  wooden 
side  wall.  The  tremie  tubes  are  built  of 
riveted  steel.  The  walls  are  laminated  spi- 
rally to  eliminate  as  much  as  possible  the 
sticking  of  the  concrete  to  their  sides. 
These  tubes  are  a  few  feet  longer  than  the 
deepest  part  of  the  river,  so  that  they  can 
teach  the  bottom  at  any  point  They  can 
be  raised  in  the  towers  until  the  op'enini; 
is  very  near  the  surface  of  the  river.  Thus 
the  concrete  can  be  deposited  from  the 
bottom  of  the  tube  directly  into  the  mass 
of  concrete  in  the  form,  no  matter  what 
its  elevation  may  tje.  In_  starting  the  opera- 
tion of  concreting,  two  or  three  old  cem- 
ent bags  are  generally  stuflfed  into  the  top 
of  the  tube.  The  wet  concrete  is  now 
poured  into  the  hopper  and  this  forces 
the  lags  down  the  tube.  The  bags  with 
the  concrete  on  top  form  a  water-tight 
plunger  w hich  forces  out  the  water.  By  con- 
tinually maintaining  the  tube  full  of  con- 
crete the  water  can  be  kept  out.  thus  elim- 
inating the  greatest  difficulty  in  the  de- 
positing of  concrete  under  water — the  sift- 
ing of  the  mixed  concrete  through  water. 
The  placing  of  a  nearly  dry  batcli  of  con- 
crete in  the  tube  with  the  wet  on  top  has 
also  been  tried,  and  this  is  also  very  efTec- 
tive  in  driving  the  water  out  of  the  tremie 
at  the  start  of  the  work  In  order  to  main- 
tain a  seal  at  the  foot  of  the  tremie  tube 
which  will  keep  out  the  wafer,  it  is  nec- 
essary to  have  the  tube  several  inches  un- 
der the  surface  of  the  wet  concrete.  To 
make  it  possible  for  the  men  on  the  scow 
to  know  how  deep  the  end  of  the  tul>e  is 
sunk  in  the  concrete,  a  "floater"  attached  to 
a  wire  which  works  an  indicator  on  the  scow 
is  suspended  alongside  the  tremie.  This 
"floater"  consists  of  a  12-inch  l>all  with 
a  specific  gravity  a  little  greater  than  that 
of  water.  The  ball  sinks  to  the  top  of 
the  concrete,  where  it  is  held.  It  is  said 
that  the  concrete  around  the  end  of  the 
tube  varies  in  depth  from  fi  10  12  inches. 
The  wet  concrete  flows  horironially.  form- 
ing a  circle  about  10  feet  in  diameter 
around   the  tube. 
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Earth  and  Rock  Section 


Note:  This  Section  is  devoted  to  metliods  and  costs  of  excavating  earth  and 
roclv  and  building  embankments.  It  will  cover  the  grading  of  roads  and  rail- 
roads, diking  and  canal  work,  dredging,  building  reservoirs  and  earth  dams, 
sewer  and  water  pipe  trenching,  quarrying,  etc. 


Suggestions  in  Regard  to  Earth  Shrink- 
age and  Overhaul,  and  the  Use  of 
Graders  and   Steam   Shovels 
on  Railroads.* 

BY  F.   PARDOE   WILSON,  C.   E. 

This  paper  is  compiled  from  notes  made 
by  the  writer  whilst  Resident  Engineer  of 
Construction  for  the  Canadian  Pacific  Rail- 


sidering  the  practical  impossibility  of  ac- 
curately measuring  shallow  borrow  pits,  as 
left  by  the  generality  of  contractors  and 
sub-contractors,  it  would  seem  to  be  the 
most  accurate  method. 

If,  however,  work  is  paid  for  from  cut 
quantities,  to  be  rational,  all  borrow  pits 
must  be  staked  and  measured.  The  prac- 
tice of  paying  for  cuts  up  to  limit  of  haul 
and  balance  on  embankment  quantities  is 
not  logical. 
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able  extent,  the  theoretical  shrinkage,  if  ap- 
plied on  top,  would  lead  to  anomalous  con- 
ditions. When  track  laying  has  closely  fol- 
lowed construction,  cases  are  not  unknown 
where  the  top  shrinkage  applied  has  had  to 
lie  removed,  or  where,  as  illustrated  in  Fig. 
4,  the  shrinkage,  if  not  immediately  taken 
up  by  settlement,  might  exceed  the  permis- 
sible grade. 

From  these  considerations  it  would  ap- 
pear reasonable  to  omit  raising  the  fill 
above  profile  grade  and  applying  side 
shrinkage  only  to  make  a  full  shoulder  so 
as  to  carry  the  material  required  to  make 
up  to  grade  as  bank  settles. 

Figure  1  shows  the  usual  method  of  ap- 
plying shrinkage,  whilst  Figs.  2  and  3  show 
modifications  of  this  method  according  as 
to  whether  or  not  excess  quantities  are 
permissible,  or  whether  or  not  it  is  thought 
desirable  to  steepen  the  side  slopes. 

Setting   the   slope   stakes   1.3,    1.4,    1.6   or 
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Top  ShnriUage 

Wdtti  it  Profile  Grade  from  Top  3hriivti^e 

/feigw  of  rill 

Width  ot  Profile  Grade  from  Height  of  Fill 


Practical  VAdtK  at  Profile  Grade  used  ia 
Cross  scctiofM.'vg  as  per  Fig  3,  or  i[\  figurmg 
q(ior\titiei  ai\d  settiag  »ecoi\d  grades  as 
z^tr  Fiw,  ? 


Figs.   1,  2   and   3 — Methods   of   Applying   Shrinkage. 


/■'cfc  discrepancy  betv^n  JX  3.nH  IT. 

Fig.    4 — Comparison    of    Shrinkage 


way  Grade  Reduction  and  Revision,  Medi- 
cine Hat  Section,  1907-8. 

It  is  submitted  primarily  with  a  view  to 
elicit  the  practice  of  the  profession  with 
regard  to  shrinkage  and  overhaul,  and  the 
discussion  on  points  raised  herein,  the  au- 


In  the  case  of  excavation  quantities,  the 
question  of  shrinkage  is  not  a  live  one  with 
the  contractor,  but  the  reverse  is  the  case 
when  embankment  is  paid  for. 

A  method  of  applying  shrinkage  is  re- 
quired to  be  sufficiently  elastic  to  meet  the 


1.7«  to  1  instead  of  the  customary  1.5  to  1 
is  easily  done  in  the  field  by  adding  or  sub- 
tracting 1/10  or  2/10  for  every  foot  in 
height  of  fill  to  the  1.5  to  1  half  breadtlis. 
Tables  1,  2  and  3  are  inserted  for 
purposes     of     comparison ;     the     quantities 


X  is  ^ivcn  in  any  particular  case . 
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Fig.    5 — Diagram    Showing    Method    of    Figuring    Expansion    in    Overhaul. 


thor  trusts,  will  be  of  greater  value  than 
the  paper  itself. 

Shrinkage. — The  first  question  that  comes 
up  in  this  connection  is;  "What  is  the  con- 
tractor to  be  paid  for?" 

On  prairie  work,  when  light,  embank- 
ment quantities  arc  often  taken,  and,  con- 

*A  paper  presented  before  the  Canadian 
Society  of  Civil  Engineers. 


variety  of  conditions  met  with  in  the  field, 
and  at  the  same  time  sufficiently  exact  to 
do  justice  as  between  the  company  and  the 
contractor.  This  question  is  often  a  bone 
of  contention  between  them  on  account  of 
the  magnitude  of  the  quantities  involved 
being  overlooked. 

On  side-hill  ground,  and  when  cuts  and 
fills  alternate  rapidly,  and  are  of  consider- 


lieing  based  on  these  different  methods  of 
applying  shrinka.ge  (figured  to  profile  grade 
only)  whilst  the  actual  percentage  increase 
from  the  standard  roadbed  and  side  slopes, 
is  stated. 

To  provide  the  full  shoulder  (always  de- 
sirable), the  width  required  at  profile  grade 
from  considerations  of  height  of  fill  at 
that   point    (Fig.   4)    is  taken,   reduced   for 
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practical  purposes  to  the  nearest   foot  and      and  from  a  consideration  of  the  fact  that       buih  in  time,  the  most  economical 
slopes   stakes   set   in   accordance  with    Fig.       earth,   when    <'•"<    "■■^■■1    t.^    'i' ^v-ral       lion  of   ilir    !ii.,i.rl;.I     fr.  :  ,   ■■  .    c 


time,  the  most  economical  distribu- 
ompany's 


methods, 


point  of 
This  representation   in  the  cross  section      age,  it  woiil'     ;,  .         nt  When,  expands 

noies  of  the  quantities  to  profile  grade  rep-      of    putting   on    shrinkage   and   paying    for      considerably,  as  in  «  lock  tui.  the  contrac- 
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Fig.  6 — Showing  Overhaul  Diagram  on   Field  Profile. 

resents    ilic    cross    sections    as    they    arc       neat    embankment    quantities    is    not    very 

staked  without  additions  or  alterations,  and      wide  of  the  mark  after  all. 

avoids  complication  ami  cim-,cqiKiit  chance^  [For  further  information  on  earth  shrink- 


Flg.  7 — Prism  of  Road  Crossing  on  a  Skew. 

of  error  in  figuring  the  quantities.     It  givei      age  sec  Gillette's  "Ii;irtIiwork  and  Its  Cost,"' 

a    definite    and    straightforward    basis    to      Chapter  I.— Editors.] 

work  on.  and  enables  another  man  to  pick  Overhaul.— Here,    again,    the    first   ques- 


Fig.  8 — Plan  of   Road   Crossing  on  a  Skew. 


up  one's    notes  and    follow   what   ha*  been 

done. 

In  paying   for  embankment   quantities  if 

an   arbitrary   classification   of   shrinkage  is 

adopted,  such  as : 

Team    an<l    slip   work Nit 

Whrclrr   .ind   w.iRon  work h% 

Dumpcar   and   wheelbarrow. .  .10% 


lion  that  arises  is,  "What  is  the  contractor 
li>  be  paid  for,  theoretical  or  actual  over- 
haul?" 

If  paid  for  actual  over!  ''rn  hap- 

pens that  through  some  con«li- 

lions  as.  for  instance.  .1.  w;i  -.-.m  iiaul.  by 
the  method  of  handling  the  work,  or  per- 
haps on  account  of  a   structure  not  being 


Fig.  9 — Plan  of  Elevating  Grader. 

tor  •,•     "i-i  ■■  •  •'      ..    -•     '  >|ic  bargain  un- 
less 

Ar  n  with  the  ac- 

tual  haul   made  by   contractor   is  the   case 
where  Iwirrow  is  made  between  two  hauls ; 


Fig.  lO^EIevatlon  of  Elevating  Grader. 

generally  this  Iwrrow  is  put  in  by  slip 
work,  all  in  the  bollnni  of  the  fill,  and  the 
actual  b.ml  made  fliffiriilt  of  drirrmin,ition 
will  ■     ■  .itch- 

ing ■  on 

eonijii' ;  I' 11.  .111.1  I--  "ii'ii  muf  •> Mi'^t-  itiider 
these  circumstances. 

In  ilii'.   r.-isr   it   i<  necessary  to  eive  thr 
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theoretical  overhaul,  unless,  in  cases  of 
rock,  when  the  method  shown  in  Fig.  5 
should   be   used,   assuming   some   equitable 


sary  in  preparing  the  overhaul  diagram  on 
account  of  shrinkage  and  expansion,'  it 
would  appear  that  the  large  scale  diagrams 


TABLE    No.    1. 

Fill  HI. 

Cubic         5%  Fig.  1 

10%  Fig.  1 

in  ft. 

Slopes. 

R.B.          Yds.        Cub.  yds 

Slopes. 

Actual  %.  Cub.  yds.  Slopes.  Actual  ^; . 

10 

1.5 

16               1148                 2S 

1.425 

2                 55 

1.35               5 

20 

1.5 

16              3407               111 

1.425 

3               222 

1.35                6 

30 

1.5 

16                6778                250 

TABLE 

1.425 
No.    2. 

4               500 

1.35               7 

R.B. 

Nominal 

Actual  percent- 

R.B. tor        used  in 

shrinkage 

age  increased 

Fill  Ht. 

setting      figuring 

Cubic 

5%  Fig.  2 

quantities  over  a 

in  ft. 

Slopes. 

stakss.      X  sect. 

yds. 

Cub.  yds. 

16'  roadbed  1.5  —  1. 

10 

1.6—1 

16                17.5 

1185 

30  +    37  =      67 

6%- 

20 



—                19 

3555 

118  +  148  =    266 

8% 

30 



—                20.5 

7111 

266  +  333  =    599 
10%.  Fig.  2. 

9% 

10 

1.7—1 

16                19 

1"'22 

63  +    74  =    137 

12% 

20 

— 

—                22 

3703 

252  +  296=    54S 

16%. 

30 

—                25 

TABLE 

7444 
No.    3. 

566  +  666  =  1232 

Nominal 
shrinkage 

1S% 

Actual  percent- 
age increased 

R.B.  for  X  section 

Cubic 

5%  Fig.  3 

quantities  over 

Fill. 

Slopes,     and  setting  stakes. 

yds. 

Cub.  yds.     16'  roadbed  1.5—1. 

10 

1.4 

17.5 

1166 

IS 

1% 

20 

— 

19.0 

3481 

74 

2% 

30 

— 

20.5 

6944 

166 
10%  Fig.  3. 

3% 

10 

1.3 

19 

1185 

37 

3% 

20 

— 

22 

3555 

148 

4% 

30 

1.3 

25 

7111 

333 

5% 

percentage  of  expansion  as  found  by  meas- 
urements or  taking  actual  haul. 

Figure  5  illustrates  the  method  (which 
is  self-explanatory)  of  figuring  expansion 
in  overhaul. 

Figure  6  is  a  typical  cut  hauling  both 
ways,  and  serves  to  illustrate  some  of  the 
points  raised,  but  on  account  of  the  small 


are  not  ofifset  by  increased  accuracy  suffi- 
ciently to  warrant  their  use.  and  that  a  dia- 
gram on  the  field  profile  (Fig.  6)  will  give 
the  information  to  as  great  a  degree  of  ac- 


Grade 


Figs.  11   and   12 — Methods  of  Staking  Cuts  for  Elevating  Grader  Work. 


quantities  of  overhaul  does  not  bring  out 
very  forcibly  the  discrepancies  in  the  vari- 
ous methods  of  calculating. 

From   this   figure   it   is   evident  that   the 


curacy  as  the  method  warrants,  besides  be- 
ing always  available  for  giving  the  contrac- 
tor his  points  for  distribution  of  material 
on  the  ground. 


•■*■•• 


Fig.   13 — Diagram   Showing    Lifts   and   Reaches  of  Steam  Shovel. 


c.  g.  of  cut  is  not  the  most  economical  dis- 
tribution point,  but  the  point  that   such  a 
cu.   yd.   can   be   hauled   either   way   at  the 
same  cost  is  the  point  wanted. 
Considering  the  many  assumptions  neccs- 


By  using  the  planimeter  various  methods 
of  distribution  can  be  easily  computed.  Set 
the  index  to  read  square  inches  and  ascer- 
tain the  area  of  diagram  under  balancing 
line  drawn  in  accordance  with  the  method 


noted  above.  This,  multiplied  by  the  proper 
factor  according  to  scale  (Fig.  6 — 2,0uO  cu. 
yds.  to  1  in  and  400  ft.  to  1  in.  =  8,000  cu. 
yds.)  gives  the  total  yards  hauled  to  100  ft. 
Ascertain  area  of  free  haul,  and  to  this 
add  the  number  of  cubic  yards  hauled  10 
stations.  Subtracting  these  two  from  the 
whole  area  of  diagram  gives  the  pay  over- 
haul. 

With  a  small  outfit,  without  variety  of 
equipment,  it  often  pays  the  contractor  to 
waste  and  borrow  (freehaul  limit,  1,000 
feet)  rather  than  haul,  the  extra  price  for 
overhaul  enabling  him  to  do  this.  Care 
must  be  exercised,  or  one  is  apt  to  pay  him 
for  material  wasted  at  his  own  expense. 

[For  a  discussion  on  overhaul  see  Gil- 
lette's "Earthwork  and  Its  Cost,"  Appendix 
B.— Editors.] 

Road  Crossings. — These,  although  rela- 
tively unimportant,  yet  having  to  be  estab- 
lished on  prescribed  lines  and  at  regular 
intervals,  often  occur  in  places  where  the 
quantities  involved  are  considerable.  Also 
as  they  frequently  cross  the  roadbed  at  an 
oblique  angle,  a  method  of  figuring  them 
may  be  of  service,  although  open  to  criti- 
cism from  its  being  an  approximation  only. 

Figures  7  and  8  shows  a  road  crossing 
on  a  skew.  M.  N.  P.  Q.,  are  the  most  im- 
portant points  to  establish  on  the  ground. 
t".  and  Q.  should  be  laid  out  to  give  the 
requisite  grade  on  road  crossing  between 
P. — Q.  and  the  point  S.,  otherwise  the 
grade  has  to  be  steepened.  Although  a  de- 
tail, this  is  often  overlooked. 

A  (Fig.  7)  is  calculated  from  ordinary- 
cross  sections.     Area  of 

Area  X 

cos  6 

B  (Fig.  7)  can  be  divided  into  two  trun- 
cated triangular  prisms,  wliose  solidities  are 
given  by  the  following  formulae :  Area  of 
right  section  X   Vs  sum  of  lateral  edges. 

C  (Fig.  7)  can  be  divided  into  pyramid 
and  tetrahedron : 

Area  A' 

Solidity    of    Pyramid    = X    V3 

cos  s 
(half  breadth — %  roadbed). 

Solidity  of  Tetrahedron  =  %  depth  at 
M  X  (half  breadth— %  roadbed^  X  % 
roadbed  of  road  crossing. 

Grading  Machines. — Figs.  9  and  10  are 
diagramatic  plan  and  rear  elevation  of  a 
grading  machine,  manufactured  in  Chicago. 

This  machine  requires  42  ft.  to  work  in, 
but  has  a  3  ft.  extension  section  on  the 
elevator,  so  that  when  required,  this  can  be 
removed,  making  it  capable  of  working  in 
a  36  ft.  cut.  With  sand  or  loose  material, 
however,  the  extra  height  to  which  the  ele- 
vator has  to  be  raised  to  properly  clear 
wagons,  exceeds  the  workable  angle  of  re- 
pose of  the  material,  and  it  refuses  to'  ele- 
vate. 

With  the  short  elevator  the  cut  requires 
lo  be  taken  down  very  uniformly,  or  the 
wagons  catch  on  the  underside  of  elevator, 
even  when  used  with  one  side  board  re- 
moved. 
Working  in  a  36  ft.  cut  with  a  full  length 
elevator,  about  6  furrows  in  the  center 
have  to  be  thrown  to  the  sides  of  cut  and 
rehandled  at  a  disadvantage,  as  the  loose 
material  will  not  throw  a  good  furrow  and 
is,  besides,  in  the  way  of  the  wagons. 

On  the  Medicine  Hat  section,  in  order  to 
give  the  required  width  for  these  machines 
to  work  in,  cuts  were  staked,  as  shown  in 
Fig.  11,  and  in  the  cross-hatched  section  of 
Fig.  12.  This  increased  the  cut  quantities 
slightly  (as  in  Fig.  12  at  ends  of  cut  only), 
but  the  material  being  required  in  the  fill, 
the  overhaul  only  was  increased.  This 
cutting  away  of  the  toe  of  slope  would  be 
objectionable,  if  not  impossible,  in  some  in- 
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stances,  but  hcrr  the  banks  cave«l  back  to  a 
natural  slope  very  quickly. 

Willi  six  pairs  of  hurM-s  the  tnachinr 
could  be  turned  in  3fi  ft.  by  crowdinK,  but 
to  turn  quickly  more  rootu  is  ret|uired. 

With  a  cut,  sav  l.SSJ  it.  Iook,  the  lost 
time  lurniii);,  at  -!4  min.  per  turn,  amounts 
to  1  hour  and  .'In  minutes  per  day,  while 
(he  l<»t  time  plou^hinK  furrows  to  waste 
(or  the  lower  ■'>  6  ot  cut  was  two  hours. 
WhiUt  actually  at  work  a  wuKon  was  load 
ed  on  an  averase  every  <••'>  ieeonds,  includ- 
ing  stop  for  ne.\t  waK<>ii.  This  ^ives  an 
output  for  the  main  part  of  cut,  4iM  waK- 
ons  =  50.»  cu.  yds.  per  day,  and  for  the 
r  .Vii,  .'ii'T  waKons  at.  say,  l.2o  cu.  yds. 
~  I  cu.  yds.  per  10-hour  day,  which  is  a 
Mr\  poor  showing  for  the  number  of 
teams  required. 

Whilst  of  Kfeat  service  in  shallow  bor- 
row pit,  street  (^''•'"'■nK-  ''"J  open  work  of 
that  nature,  this  machine  is  all  that  is 
claimed  by  the  makers,  the  writer  is  of 
opinion  that  money  can  easily  be  lost  by 
trying  to  use  it  where  boulders  or  hardpan 
arc  encountered,  or  where  cuts  arc  limited 
in  width.  Its  chief  drawbacks  arc:  Too 
many  delicate  parts,  frame  not  heavy  or 
rigicl  enough,  and  consequently  loo  much 
lost  time  for  minor  repairs,  and  as  there  is 
usually  a  big  outfit  waiting  on  account  of 
the  repairs,  a  series  of  short  stoppages 
>oon  make  a  big  loss. 

(For  a  discussion  as  to  the  adaptability 
of  grades  to  railroad  work  see  Engineer- 
tNc-CoxTRACTi.NC,  .-Xpril,  IWC. — Editors.] 

Steam  Shovt-I  ll'ork. —  Fig.  12  shows  the 
.liagram  used  to  stake  cuts  for  this  work, 
viving  equivalent  quantities  to  the  roadbed 
used,  viz.,  22  ft.  slopes  1% — 1.  It  is  advis- 
able to  stake  these  cuts  to  a  1V4 — I  also, 
and  cut  a  grip  along  this  line  to  induce  the 
bank  to  break  back  to  the  correct  lines.  If 
this  is  not  done  it  breaks  away  in  pockets. 

l-igure  r<  will  be  found  useful  in  deter- 
mining what  a  given  size  of  shovel  will  do, 
.ind  enable  one  to  lay  out  the  most  eco- 
nomical lifts  which  should  be  taken  in 
making  a  thorough  cut. 

The  question  of  water  supply  for  the 
••hovel,  its  quality  and  quantity  should 
never  be  overlooked,  as  it  materially  af- 
lecls  the  cost  of  the  work. 

The  use  of  heavier  steel  than  the  dinkeys 
anil  dump  cars  call  for  is  not  economical, 
as  it  costs  too  much  to  move  around  and 
handle. 

.An  all  around  shovel  on  traction  wheels 
with  a  m  or  •2-yd.  dipper,  and  2%-yd.  cars 
on  .30-lb.  steel  would  often  be  more  ser- 
viceable than  the  heavier  types  of  shovels, 
where  the  frequency  and  distance  of  moves 
is  considered,  and  if  it  coulil  be  operated 
by  a  gasoline  molor  to  solve  the  fuel  diffi- 
culty, an  almost  ideal  machine  for  railway 
work  would  be  available. 


Roads  and   Streets  Section 


Note :  1  his  Section  Is  devoted  to  methods  and  costs  of  road  and  struct  con- 
struction. It  will  cover  road  building  In  all  it.s  details,  the  construction  of 
pavoments,  sidewnlk.i  and  gutters,  the  tcstinu  and  use  of  paving  materials  and 
the  machinery  and  tools  useil  In  road  IniilJin^j  and  pa\  Inij. 


.•\  progress  of  46S  ft.  in  27  working  days 
from  .April  1  to  May  1,  I00!>.  was  made  in 
the  lii-ft.  diameter  circular  water-supply 
tunnel  known  as  the  Southwest  Land  and 
I-ake  Tunnel  for  the  city  of  Chicago.  The 
material  penetrated  is  limestone.  This  is 
a  recfird  of  l"Vi  ft.  per  dav.  The  record 
from  June,  19<a8.  to  May  l.'llXjO,  has  l>ecn 
1 1\  ft.  per  day.  The  contr.ictor  for  this 
work  is  Geo.  VV.  Jackson,  Inc.,  Chicago, 
ill. 


Ivowcring  the  grade  of  the  portion  of 
i'ittsbiirg  known  as  The  I  lump,  or  firant's 
IIill,  has  reached  the  sla>;c  of  an  estimate 
of  cost,  prepared  by  the  t>oaril  of  public 
works,  placed  at  SLIlJ-l.tXHi  for  removing 
the  hill,  S^m.fMiO  for  damage^  to  street 
railways  and  $2.'KH>.(J«¥(  fnr  damages  to  pri- 
vate iiro|i(rtv  and  contingencies,  making  a 
•.olal  01  $:t,Hi'i,000. 


The  Theory  of  Economic    Road    and 

Street  Des'gn  and    Location 

(I\'  ' 

Cost  of  Koad  MainU-tuDHi-  /Vr  Ton-MiU. 
— So  far  as  wc  are  aware  there  are  no 
printed  records  of  the  cost  of  highway 
inainienance  expressed  in  the  ton-mile  as 
the  unit.  .All  maintenance  records  of  which 
we  have  knowledge  are  reduceil  either  to 
the  cost  per  annum  per  square  yard  of 
pavement  or  per  mile  of  road.  While  it  is 
desirable  to  use  those  units  of  area  and 
length  also,  just  as  it  is  desirable  to  use 
the  mile  of  track  or  roadway  as  a  unit  in 
railway  engineering,  it  should  be  evident 
that  the  ton-mile  is,  by  all  odds,  the  most 
important  unit  to  be  used  in  solving  prob- 
lems in  transportation. 

It  is  fortunate  thai  French  engineers  have 
so  kept  their  records  of  macadam  road 
maintenance  that  we  can  at  least  approxi- 
mate the  cost  per  ton-mile  on  macadam 
roads.  There  are  no  published  American 
data  at  all,  so  wc  would  be  forced,  in  any 
case,  to  use  the  French  statistics.  While 
it  has  frequently  been  said  that  the  French 
data  arc  of  little  use  to  .American  engi- 
neers, the  statement  is  misleading.  In  de- 
termining what  is  the  probable  cost  of 
maintenance  of  a  macadam  road  subject  to 
heavy  hauling,  the  most  uncertain  factor  is 
the  amount  of  stone  required  to  replace  the 
wear  due  to  a  given  ton-mileage  of  traffic. 
We  are  possessed  of  sufficient  information 
to  enable  us  to  make  an  accurate  estimate 
of  the  cost  of  scarifying  an  old  road  and 
the  cost  of  placing  new  stone  upon  it  and 
rolling  it.  Hence  if  wc  know  the  amount 
of  new  stone  required,  a  close  estimate  of 
cost  of  maintenance  of  macadam  can  be 
made   for  any  given  conditions. 

According  to  the  French  records  it  re- 
quires annually  about  50  cu.  yds.  of  broken 
stone  (including  7^  per  cent  of  binding 
gravel)  per  mile  of  macadam  per  |00  "col- 
lars" or  ;<>nits"  of  travel  per  day.  the 
stone  havirs  an  average  coetficieni  of  wear 
of  II.  This  coefficient  is  about  that  of 
Niagara  limestone,  and  indicates  only  a  fair 
quality  of  stone.  Hudson  trap  rock,  for 
example,   has  about   double  this   coefficient. 

The  "collar"  or  "unit"  is  one  horse  har- 
nessed to  a  loaded  vehicle.  A  horse  har- 
nessed to  an  empty  vehicle  or  a  private 
carriage  is  rated  as  H  "collar."  If  we  as- 
sume that  the  average  load  hauled  on  mac 
adaiTi  by  one  horse  is  1'4  tons,  then  the  Iih' 
"collars"  per  dav  over  each  mile  arc  equiv 
alent  to  fOOx  iVi  x  Stlj  =  4.".,t;-.'.".  ton-miles 
during  a  year  of  3«V)  days.  .\nd  since  .V' 
cu.  yds.  of  broken  stone  are  required  to  re 

&air  the  wear  due  to  this  tralTic,  we  have 
J-^  ■J5,62.'i  =  0.n(»ll  cu    vd«    of  loose  brok- 
en stone  required  for  r  ,   ' 
it   takes   l.tl  cu.   yds.  01 
and  screenings  to  maki-   i  in    ^u 
macadam,  it    follows  that   there 

-:-  i.r,.=  u.oo<i7  ...    ^ ,!     ,,i'  !M  I.- , 
out  by  each  t 
remembered,    i 

are    regarded    by   the    French   cnBineets   as 
being    equivalent     to    half-loaded     wat;oiis 
This  is  a  satisfactory  way  of  rrg 
effect  of   wear,  but   it   would   be 
for  our  present    purpose       !• 
that   the   vehicles   go  loailnl 
return  empty,  then  the   l"0     ,  .;, 


referred  to  would  mean  '■'  pulling 

:i    Innfli-d    vehicle    (or   •»<.-  )    and 

pulling  an  empt>  vehicle  (or  % 
■Ml    "collars"!       Therefore   the 
tru.j  number  of  tons  per  !■  "would 

not   be    125,   as    above   a-  it    two- 

thirds  of  12.').     Henc  :    yd.  of 

macadam  worn  out  I  should 

be  divide*!  by  %,  wl.;. .,   k..  i  cu.  yd. 

of  macadam  per  tonmile  of  actual  loads 
carried,  considering  all  empty  vehicles  as 
having  no  ton-miles  to  their  credit. 

While  the  foregoing  deduction  may  be 
criticised  for  the  assumptions  upon  which 
it  rests,  it  must  be  conceded  to  be  approxi- 
mately correct  for  ordinary  macadam  sub- 
ject to  the  traffic  of  steel  tired  vehicles. 
We  are  not  now  considering  the  effect  of 
pneumatic  tired  vehicles,  which  destroy 
macadam  not  by  abrasion,  but  by  displac- 
ing its  component  pieces. 

Having  arrived  at  a  tolerably  close  esti- 
mate of  the  wear  of  macadam  under  farm 
wagon  traffic,  it  remains  only  to  estimate 
ilie  cost  of  repairing  the  macadam  from 
time  to  time. 

Continuous  repairs  on  roads  not  subject 
to  heavy  traffic  arc  as  absurd  as  it  would  be 
for  a  man  to  hire  a  tailor  to  accompany 
him  so  that  any  slight  rip  in  his  clothes 
could  be  sewed  up  the  instant  it  occurred. 
It  might  well  pay  a  large  body  of  men  to 
have  such  a  tailor  alw.iys  at  hand,  for  he 
coiild  then  be  kept  reasonably  busy.  The 
"stitch  in  time"  theory  of  road  repairing  is 
founded  on  fallacious  reasoning,  unless 
there  is  enough  traffic  to  keep  the  stitcher 
busy. 

Repairs  on  roads  subject  to  light  traffic 
■-houhl  be  intermittent,  and  when  thus 
made  the  cost  of  maintenance  is  slight. 
The  writer  has  fouml  that  when  macadam 
has  worri  to  such  an  extent  that  about  % 
in.  to  1  in.  has  been  abraded  from  its  en- 
tire surface,  there  will  have  developed  a 
sufficient  number  of  irregularities  in  its 
surface  to  make  an  entire  resurfacing  de- 
sirable. Then  the  surface  should  l>e  scari- 
fied (harrowed)  to  a  depth  of  3  ins.,  enough 
new  stone  should  be  spread  over  it  to  re- 
place the  material  lost  by  wear,  and,  after 
leveling  the  surface,  the  road  should  be 
sprinkled  and  rolled. 

The  cost  of  scarifying  i;  -  about 

\  ct.  per  sq.  yd.    (See   F  ...-Cos- 

TRvcTiNC,  (Dct.  -iS,  lOoS.  ..ml  Gillette's 
"Handbook  of  Cost  Data."  page  Lll  et  seq.) 
Rolling  and  sprinkling  costs  another  \  ct. 
per  s<i.  yd.,  making  a  l..ial  of  I'-s  cIs  per 
sq.  yd  If  this  resurfacing  is  ilone  when 
the  macxlam  has  worn  down  "^  in.  it  is 
evident  that  each  v,..,.r,.  »  .r.i  „f  resurfac- 
ing will  require  nd  part  of 
:i  .-\il.ic  yard  of  •  Hence  the 
I  placing  and  compacting  this  new 
.111  costs  1  1  cts  "^  72  =  $1.08  per 
cu.  >J.  of  new  If  the  broken 
stone  and  scree.  '.c  delivered  on 
■'  -  -id  for,  say.  ji  .,nd  if 
It;  cu    yds.  .  „•  .-jud 

■■■"■"-  '"■'   -^ibic  1. ,     :..,.  .i.l.iin,  we 

have  a  as  follows  per  cubic  yard 

of  new  rolled  in  place: 

Per  cu.  yd. 

I.A  eu.   vda.  lion*  at  tl.SO it.tO 

-^ " -iiUn»,     aprlnkllnc    «nd 

1.08 

■  ■■■■••  ..iTTs 
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The  writer  has  made  repairs  at  this  cost 
where  the  steam  roller  cost  $1  per  hour. 

We  have  seen  that  it  requires  0.001  cu. 
yd.  of  macadam  to  repair  the  wear  due  to 
each  ton-mile  of  traffic.  Hence,  assuming 
as  high  a  cost  as  $4  per  cu.  yd.  of  new 
macadam  (instead  of  the  $3.48  above  esti- 
mated), we  have  0.001  X  $4  =  $0,004  per 
ton-mile  as  the  cost  of  maintaining  mac- 
adam subject  to  farm  team  traffic,  the  stone 
having  a  coefficient  of  wear  of  11.  In  brief, 
the  cost  of  maintenance  of  the  macadam  is 
4  mills  per  ton-mile. 

In  this  connection  it  may  be  interesting 
to  note  that  the  cost  of  maintenance  of 
way  and  structures  averages  1%  mills  per 
ton-mile  for  American  railways,  of  which 
about  1  mill  is  for  maintenance  of  road- 
way, ties  and  rails. 

The  above  estimated  4  mills  per  ton-mile 
applies  only  to  the  macadam.  On  all  roads 
there  is  some  expense  involved  in  repair- 
ing the  earth  wash  due  to  rains,  the  cut- 
ting of  weeds,  the  cleaning  of  culverts,  the 
repairing  of  bridges,  etc. ;  but  such  mainte- 
nance is  common  to  all  roads,  whether 
paved  or  unpaved,  and  need  not  be  con- 
sidered in  solving  problems  of  economic 
road  pavement  design. 

The  effect  of  rapid  revolving  pneumatic 
tires  is  exceedingly  severe  on  ordinary 
macadam,  and  it  will  be  necessary  in  the 
future  either  to  build  special  roads  for 
rapid  motor  car  traffic  or  to  adopt  some 
other  binder  than  stone  dust  for  macadam 
wherever  the  amount  of  motor  car  traffic 
is  at  all  large.  No  statistics  are  available 
for  determining  what  the  added  cost  of 
maintenance  will  be  on  a  road  subject  to 
motor  car  traffic.  At  present,  therefore,  we 
must  confine  ourselves  to  the  subject  of 
maintenance  of  paved  roads  designed  for 
steel  tired  traffic. 

The  effect  of  changes  of  temperature, 
the  leaching  action  of  water  that  falls  upon 
the  broken  stone,  and  the  like,  have  never 
been  scientifically  ascertained.  In  England 
it  has  been  said  that  of  the  total  cost  of 
maintenance  20  per  cent  should  be  charged 
to  "atmospheric  agencies."  This  is  a  mere 
guess  and  doubtless  gives  far  too  great 
weight  to  this  factor. 

The  effect  of  horses'  hoofs  has  been 
variously  estimated.  On  brick,  stone  block 
and  asphalt  pavements  hoofs  have  com- 
paratively little  effect  in  causing  wear. 
This  is  well  illustrated  on  streets  where 
horse  cars  have  been  used  for  years.  On 
one  street  in  New  York,  where  loaded 
trucks  follow  the  car  tracks  with  one  wheel 
on  the  rails  and  one  wheel  on  the  pave- 
ment, deep  ruts  have  been  cut  into  the 
granite  blocks,  while  the  blocks  between 
the  rails  remain  in  good  condition  al- 
though subject  not  only  to  the  wear  of  the 
truck  horses  but  to  that  of  the  horses  haul- 
ing street  cars. 

While  broken  stone  roads  differ  in  that 
horses'  hoofs  are  apt  to  displace  stones  oc- 
casionally, it  can  not  be  denied,  we  think, 
that  practically  all  the  wear  is  due  to  the 
emery  action  of  the  stone  dust  under  the 
wheels. 

[The  next  issue  will  contain  a  summary 
of  the  itemized  costs  of  (1)  hauling,  (2) 
maintenance  and  (3)  interest  per  ton-mile, 
from  which  will  be  deduced  a  rule  to  be 
used  in  determining  the  expenditure  that  is 
economically  justifiable,  in  any  given  case, 
for  paving  an  earth  road  with  broken  stone 
or  with  some  other  hard  and  durable  sur- 
face.] 


Some    Novel    Methods   of  Sewer  and 
Street    Construction   on  Re- 
claimed Land.* 

The  property  in  question  was  7,950  ft. 
long,  and  from  680  to  8,470  ft.  wide,  bound- 
ed on  the  east  by  the  Atlantic  Ocean,  on 
the  west  and  south  by  Turtle  Gut  Inlet, 
and  on  the  north  by  the  city  of  Holly 
Beach,  N.  J.  It  was  covered  with  a  depth 
of  3  ft.  of  water  at  high  tide.  Upon  exam- 
ination it  was  found  to  consist  of  a  thick 
black  mud,  covered  with  heavy  meadow- 
sod,  some  rank  growth,  and  irregular 
mounds  of  sand,  which,  owing  to  the  cur- 
rents, were  constantly  changing  position. 

As  speed  was  to  be  essential  in  the  en- 
tire undertaking,  it  was  decided  to  do  all 
work  on  force  account,  and  with  this  end  in 
view  plans  were  at  once  commenced  for 
raising  the  grade  4  ft.  and  maintaining  it 
at  that  level. 

The  method  adopted  in  this  filling  was 
the  use  of  two  hydraulic  dredges,  one  dip- 
per dredge,  ten  scows,  and  a  small,  but 
powerful  tug,  with  the  necessary  discharge 
pipe,  etc.  The  hydraulic  dredges  were  about 
90   ft.    long   and   32    ft.   wide,   containing   a 


could  rip  up  the  pavement  and  replace  it  ini 
any  half-hearted  way  that  they  chose;  and 
from  investigations  that  had  been  made  it 
was  found  that  if  success  were  attained  in 
getting  the  pavement  down  at  all,  it  would 
not  be  in  such  a  way  that  it  could  be  tam- 
pered with. 

To  serve  the  buildings  a  system  of  terra 
cotta  pipe  sewers  were  built.  The  trench 
for  the  entire  distance,  16  miles,  was 
through  quicksand,  known  locally  as  "boil- 
ing sand."  This  was  both  expensive  and 
difficult  work,  as  it  was  difficult  to  keep 
the  pipes  in  proper  grade  and  alinement, 
and  the  joints  were  hard  to  calk,  owing, 
to  the  water  in  the  ditch. 

The  greatest  cutting  was  6%  ft.  deep, 
and  the  entire  trench  was  double  sheeted 
throughout,  great  trouble  being  experienced 
in  keeping  the  trench  even  partially  dry. 
Sumps  or  wells  could  not  be  made,  as 
the  pumps  pulled  out  so  much  sand  under 
the  sheeting  as  to  cause  the  ditch  to  either 
fill  or  the  sheeting  to  cave  in.  Water  was 
struck  12  in.  below  the  sand  grade  in  great 
quantity. 

The  sheeting  was  put  down  to  a  depth  of 
10  ft.  with  a  water  jet  in  advance  of  the 
excavation,    this    being   the    only   way    that 


1 

4. 

rn 

S 

AS 

1 

\ 

V 

- 

// 

SKETCH      SHOWING      LAYOUT     OF     PLANT. 

/.  -  Centrifugal  Pump  and  Engine  On  truck.       2,  -  Boiler.      3,  -  Piston  Pump 
4.  -  Trench  with  pipe  laid  ready  For  filling.      5,  -  Trench  ready  For  excavation. 
6.  -  Suction  pipe .         7  '  Discharge  pipe.       8,  -  Pipe    boiler  to  engine. 
9.  -  Pipe^  boiler  to  pump.        10.  -  P/pe  fo  tvater  supply . 

Fig,  1 — Lay  Out  of  Plant  for  Excavating    and    Backfilling    Sewer  Trench. 


The  first  lot  of  300,000  concrete  railway 
ties  used  by  the  Italian  State  Railways 
proved  so  satisfactory  that  a  similar  lot 
has  been  ordered.  The  ties  cost  $1.48  each 
in  Italy. 


centrifugal  pump  of  22-in.  suction  and  20- 
in.  discharge;  the  dipper  dredge  had  a 
capacity  of  8  cu.  yds. 

Owing  to  the  rise  and  fall  of  the  tide 
covering  the  base  of  operations,  provision 
had  to  be  made  for  the  protection  of  the 
sand  after  having  been  deposite  \  and  with 
this  purpose  in  view  a  light  bUiuhead  was 
constructed  around  the  entire  property, 
same  being  completed  in  sections  as  fast 
as  the  filling-  progressed. 

On  the  completion  of  the  dredging  and 
bulkheading  we  were  now  ready  to  pro- 
ceed with  the  other  improvements,  and 
three  corps  were  placed  in  the  field — one 
to  lay  out  the  streets  and  give  grades  and 
levels ;  the  second  to  lay  out  the  sewer  sys- 
tem and  water  mains  and  to  give  locations 
for  telephone  ducts  and  railroad ;  while  the 
third  had  the  location  of  building  and  lot 
lines,  sidewalks  and  grades. 

It  mav  be  well  to  mention  at  this  noint 
that  on  the  two  main  streets,  instead  of 
having  one  large  sewer  in  the  center  of 
the  streets  as  is  customary,  two  smaller 
sizes  were  laid  under  each  sidewalk;  while 
between  the  sidewalk  line  and  the  property 
line  in  a  strip  8  ft.  wide  that  had  been  re- 
served for  this  purpose  were  located  the 
water  and  gas  mains,  telephone  and  electric 
conduits.  The  reason  of  this  change  was 
that  it  was  proposed  to  lay  a  vitrified  block 
pavement,  one  of  the  features  to  be  pei- 
manency,  which  could  not  be  had  if  every 
public     service     corporation     that     desired 

•Extracted  from  a  paper  by  Geo.  L,.  -Wat- 
son read  before  the  Canadian  Society  of  En- 
gineers April  15,  1909. 


anv  headway  could  be  made.  Owing  to- 
the  numerous  "salt  holes"  encountered,  it 
was  necessary  to  make  a  foundation  for 
the  manholes  and  pipe.  This  was  done  by 
piling  spaced  7  ft.  apart  and  6  in.  center  to 
center.  On  the  piles  yellow  pine  timbers 
4x4  in.  and  8  ft.  long  were  spiked,  and  to 
these  were  spiked  hemlock  planks  2x8  in. 
and  14  ft.  long.  The  pipe  was  laid  on  this 
and  the  hole  filled  with  sand  and  salt  hay. 

If  a  manhole  w-as  located  at  one  of  these 
"salt  holes,"  four  piles  10  to  15  ft.  long 
were  driven,  4%  ft.  center  to  center.  Four 
railroad  ties  were  then  spiked  together  with 
two  battens,  and  the  whole  bolted  securely 
to  the  piles.  On  this  foundation  was  placed 
a  box  5  ft.  square  and  10  in.  deep,  the  bot- 
tom being  covered  with  tongue-and-groove 
floor  boards,  and  in  some  cases  lined  with 
canvas  and  the  inside  coated  with  hot 
coal-tar  pitch.  The  concrete  was  placed  in 
the  box,  the  pipe  line  run  through  inverts 
struck,  and  the  brickwork  completed. 

The  method  of  excavating  was  as  fol- 
lows :  By  using  the  piston  pump  the 
sheathing  was  put  down  for  a  distance  of 
150  ft.  along  the  trench,  and  closure  made 
at  each  end.  Then  ten  laborers  were  put 
in  the  trench  and  excavation  made  to  the 
water  line,  when  rangers  and  traces  were 
set. 

The  piston  pump  was  then  started  pump- 
ing water  into  this  "land  coffer-dam."  A 
centrifugal  pump  was  moved  in  position^ 
and  the  discharge  pipe  placed  midway  in 
the  last  section  where  the  sewer  pipe  had 
already  been  laid.  Thus  the  centrifugal' 
pump  excavated  the  material  from  the  for- 
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■wur'      ■■■■•    ■■  and  backtillctl  ihc  la»(  section 
at  itnc. 

\\         .   „   ._  ic   was    rc-.iil  i-.l   t(i,-    I, .iiiiil.it I. .!! 
piles  were  jcttcil  • 
slruclcd.  The  pip.     ■ 
being  made  with   neat   >.i.-uicut    i 
tar,  as   this   was    fuund,  alter   r- 
to  he  superior   to   sulphur,   ■ 
or  'tulpliur  and  sand.      1  lie  : 
tlicn  done  in  a  similar 

rile  sand  excavateil  ■.  mrse,  and 

but     little    atsitatiuii     w.  •■•      ••••'■ 

shovels,  in  order  to  allow   \ 
up    the      sand.      When     il; 
grained    much    more   water   is   needed,   and 
likewise    the    sand    must    he    agitated    with 
shovels.     With  e.\"  "o  sand  the  men 

must  he  relieved   i  .is  the  work  is 

hard.    ai.  '      '  l;     up    a    much 

smaller   ■  lud,  means  ihe 

ditch  mii-v  .'i  .^.|■.  iw.i.  ,,  i.i-  ■  -     t 

water  in   it.  and  the   nun,   I  : 

to  stand  in  the  water,   I'cel   ; ;   u 

<iuickl>'. 

At  times  when  wc  got  as  deep  in  the 
trench  as  the  original  grade  line,  wc  en- 
countered roots  and  stumps  that  had  to  be 
cut  out.  but  this  was  seldom  necessary. 

Fig.  1  shows  the  layout  of  the  plant  to 
do  the  work   in  the  manner  described.     In 


months    previous    ih 
marsh    covered    will 

1...I-V  ■■        I'r.  V ,. 


lor    any    cause     . 
tolerated.     The   j 
vitrified   block  on  a  6  in. 
tion.      When  test  holes   w. 
was    found    I'J   ins.   I    ' 
in  numerous  places  i 


procedure 

- --.:--  ..I 

Hy  means  oi  a  jei  !  piling  r>  ft. 

long  and  12  ins.  at  li.  re  pumped  to 

12  ins.  below  the  ties  ot  llic  trolley  line  6 
ft.  apart,  directly  under  the  rail,  for  the 
entire  length  of  the  line.  .V  trench  wa.< 
then  excavated  along  the  lines  of  the  pil- 
ing, and  concrete  beams  (j  ft  long.  I'J  ins. 
wide,  and  12  ins.  deep,  ninlorced  with 
\-\n.  twisted  steel  bars  and  projecting  stir- 
rups were  molded  in  place  on  the  piling. 
.At  the  curb  lines  on  cither  side  of  the 
street,  and  between  the  curb  lines  and  the 
rail  on  each  side,  a  line  of  piling  was  placed 
similar  to  that  under  the  rail,  with  the  ex- 
ception that  proper  allowance  was  made 
for  the  grade  and  crown  of  the  street. 


Experimental     Road    Work    by     the 
Massachusetts    Highway  Com- 
mission in     iQoS. 

Ihe  Massachusetts  Highw  ^lon 

\\.i>      .iin-  nu      till-      Iirs!      •-.  the 

.lin- 


"Uiil  ut  damage   tu  Ihe 
,    to    prevent     the     dust 

«liiLh  1^ 
ing  an  n 

'-•  work  done 

...'.    matter   in   this 

:i  taken  from  advance  sheets 

1  he  experiments  ■  ere 

divided    into    two    .  lary 

laying  of  dust  and  the  partial  and  tem- 
porary preservation  of  road  surfaces,  and 
the  employment  of  some  new  material  as 
a  binder  in  the  construction  of  the  road- 
way,  which   A'ill  enable  the  road   to  with- 


^C»i<iw*t  Cv^ 
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Fig.  2 — Transverse  Section  of    Reinforced  Concrete   Base  for  Brick    Pavement. 


<-?s-^,Ji::t. 


this  way  oW  lin.  ft.  of  trench  was  dug  arid 
pipe  laid,  per  day,  while  on  similar  worK 
under  the  same  conditions  in  Holly  Beach 
-a  contractor  made  but  from  3o  to  oU  it.  per 
day,  doing  the  work  by  another  method. 

Very  little  trouble  was  experienced  in 
laying  the  water  and  gas  mains,  as  these 
were  but  2  ft.  deep,  and  on  all  but  two 
principal  thoroughfares  were  located  in  the 
center  of  the  street.  I'ire  hydrants  were 
located  on  a  radius  of  6oi'  ft.  from  one  an- 
other, and  but  two  electric  light  and  tele- 
phone poles  were  allowed  to  each  block  of 
SOO   ft. 

The  sidewalks  were  of  cement  and  but 
3  ft.  wide,  and  these,  as  well  as  a 
concrete  curb,  were  placed  as  soon  as  the 
sewers,  gas,  water,  telephone  and  other 
wire  conduits  were  laid,  alter  which  pro- 
vision was  made   for  ballasting  the  streets. 

Two  spurs  of  the  railroad  were  extenilid 
temp<jrarily  through  the  property,  anri  with 
a    plant    of    80    carts,    .'1    siiam    grailers,    3 
steam    rollers,   and   200   men,   the   wrjrk   of 
grading    16    miles    of    streets    commenced. 
The  roads  and  streets  were  finished  with  a 
P-in.   coat  of   Burleigh  grav.  I.  and   no  pro 
vision  was  made  to  c.Trrv  off  the  storm  wa- 
ter owing   to   the   ■ 
but  tJie  grade  \va 
shed  lines,   wlif' 
were  connected  w 
er.      The    trolley    1 

through  the  propirt\  ■•!:  tin-  main  '  ■ 
aiul  operations  coiiiiii.  lu  .  •!  lor  layiii. 
pavement. 

It  was  contended  by  many  who  were  fa- 
miliar   with    the    then 
that  it   woubl  be  next 
•cure    a     satisfactory     |..ii......  .■.,     ,■  , 

pavement,    owing    to    the    fact    that    three 


L'pon  these  beams  (.for  a  like  beam  was 
placed  upon  all  the  piling)  a  0-in.  rein- 
forced concrete  slab  10  it.  long  and  (J  ft. 
wide  was  placed,  the  reinforcement  con- 
sisting of  %-in.  steel  rods  interlaced  and 
wired.  It  took  two  slabs  to  reach  from 
curb  to  rail.  The  concrete  slab  under  the 
rails  was  finished  in  a  similar  manner,  the 
tics  resting  directly  upon  the  beam,  the 
slabs  being  notched  for  the  ties. 

.•\t  frequent  intervals  underdrains  were 
laid  connecting  with  the  nearest  manhole, 
and  in  some  places  the  flow  of  water  was 
so  great  as  to  necessitate  a  permanent 
sump  being  built  under  the  foundation. 
This  underdrain  was  composeil  of  12-in. 
terra  cotta  pipe  laid  with  burlap  joints 
with  gravel  casing  in  a  box  crib  resting 
upon  stringers  spiked  to  the  piling  every 
<>  ft.,  and  discharging  into  the  trunk  sewer. 

A  2-in.  sand  cushion  was  tlun  placed  on 
the   concrete    foim.!  .li.  .n      .ii.i     v>i,;.i,    il,. 
bricks  were  laid 
|i.-insion  joints  «         ; 
alternating  every  i'lX'  it. 

Six   months  after  completion   it  wn'   de- 
cided to  extend  this  ■ 
thousand   feet,  ami  w 


id  has  continued  to  do  so  to  date. 


ti    ins 
■■  town 


The  citv  and  countv  of  San   Francisco. 


system  for  fire  protection 


stand  automobile  travel  and  without  exces- 
sive dust 

TEJUPORARY    DUSTT    L.\YEBS    AND    BOAD 
FRESEBVATITES. 

In  1908  the  Con'n<i»-!on  repeated  and 
extended    the  expn'  •    the  previous 

year  in  the  use  of  st  layers  and 

various  materials  to  u  iii[>.  .rarily  preserve 
road  surfaces,  more  than  4o  miles  of  road 
lieing  so  treated. 

Nearly  23  miles  have  been  treated  with 
Texas   oil.  at   a  cost    \.ir\inL.'    from   .1   to  ~ 
cts.  per  sq.  yd.     I  a  as  used 

on  10.22  miles,  at  ..  :   6\  cts. 

per   sq.   yd.     Tarvia    !•    was    um.U   on   2.20 
miles,  at  a  cost  of  about  4  cts.  per  sq.  yd., 

iS  used  on  1.3 

per    sq.    yd. 

>>)....oi-o.  :.i    %\.i-   .ici......   lo   1.5  miles,  at 

a  lost  of  6  CIS.  per   sq.  yd. 
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were  dust  pockets,  or  places  where  the  ma- 
terial used  did  not  penetrate  to  the  stone 
beneath,  or  the  stone  was  not  thoroughly 
compacted,  but  was  loose,  and  the  top  sur- 
face, therefore,  scaled  off.  If  the  patches 
that  have  scaled  are  not  treated  very  soon, 
large  depressions  quickly  form  where  there 
is  much  automobile  travel. 

In  general,  with  any  of  the  bituminous 
materials  mentioned,  satisfactory  results 
were  obtained  if  sufficient  care  was  used  in 
doing  the  work.  The  effect  of  these  treat- 
ments has,  so  far,  in  some  places  largely 
disappeared  by  the  following  spring,  but 
where  a  road  was  in  proper  condition,  it 
has  prevented  any  serious  raveling  during 
the  season. 

Calcium  Chloxide  and  Oil  Emulsion. — 
Calcium  chloride  was  used  upon  four  miles 
of  State  highway  in  Beverly,  being  paid 
for  by  the  residents  upon  the  shore.  It 
laid  the  dust  in  a  very  satisfactory  man- 
ner, and  somewhat  preserved  the  road  sur- 
face,— better  than  proper  watering  would 
have  done.  The  road,  however,  has  devel- 
oped some  small  holes  and  depressions, 
and  has  had  to  be  repaired  twice  during 
the  year  and  small  quantities  of  stone 
added,  although  it  is  only  from  two  to 
three  years  old.  .Automobile  and  team 
travel  is  very  heavy  upon  this  road.  Dur- 
ing the  season  of  five  months  six  applica- 
tions of  calcium  chloride  were  put  on,  and 
the  cost  for  the  spread  of  the  cart  (about 
17  ft.  wide)  was  $289  a  mile  for  the  season. 

Upon  a  mile  of  State  highway  in  North 
Beverly,  which  had  been  newly  resurfaced, 
oil  emulsion  was  used,  the  cost  being  de- 
frayed by  one  of  the  abutting  owners.  The 
treatment  was  started  late  in  the  season, 
so  that  the  cost  for  the  year  could  not  be 
determined. 

A  soft  naphtha  soap  was  used  to  emulsi- 
fy the  oil,  20  lbs.  of  soap  being  mixed,  by 
an  ordinary  pump,  with  50  gals,  of  water 
and  100  gals,  of  Texas  oil.  The  emulsion 
was  then  put  into  a  watering  cart,  the  water 
turned  on  from  a  hydrant,  under  pressure, 
with  a  hose  pipe,  until  the  cart  was  filled, 
and  then  the  mixture  was  immediately 
spread  upon  the  road.  It  was  found  that 
with  one  watering  cart  of  600  gals,  capacity 
about  Vs  mile  of  road  could  be  covered, 
and  that  the  materials  cost  $30  per  mile 
for  each  application,  for  the  spread  of  the 
cart.  As  there  was  considerable  dust  upon 
the  road,  a  second  application  was  neces- 
sary within  a  week,  and  a  third  at  the 
end  of  a  month,  but  the  dust  was  satis- 
factorily laid  for  about  three  months,  or 
until    snow    fell. 

Both  calcium  chloride  and  oil  emulsion 
require  several  applications  during  a  year, 
probably  from  four  to  six,  to  produce  satis- 
factory results,  and  with  calcium  chloride 
the  road  has  to  be  watered  once  a  day 
during  the  dry  season,  but,  speaking  gen- 
erally, the  results  produced  are  much  bet- 
ter than  those  obtained  when  an  ordinary 
watering  cart  and  water  alone  are  used, 
and  the  expense  is  no  greater  than  the  cost 
of  watering,  because  one  cart  can  take  care 
of  as  many  miles  of  road  as  three  carts 
can  when  water  alone  is  used.  The  saving 
in  the  cost  for  teaming,  etc.,  will  just  about 
pay  the  cost  of  the  calcium  chloride.  The 
chief  advantage  in  the  use  of  this  chemical 
lies  in  the  fact  that  the  dust  is  satisfactorily 
laid  during  the  whole  day  of  24  hours. 
The  same  is  probably  true  of  oil  emulsion, 
but  neither  these  materials  nor  the  ones 
mentioned  above  are  more  than  tempo- 
rary dust  layers  and  road  preservatives, 
as  the  effect  is  almost  if  not  entirely  lost 
by  the  following  spring. 

NEW    CONSTRUCTION     WITH     VARIOUS 
BITUMINOUS    BINDERS. 

The  commission  has  conducted  a  number 


of  experiments  in  several  places  in  order 
to  find,  if  possible,  some  method  of  road 
construction  which  will  prove  satisfactory, 
both  for  automobiles  and  for  horse-drawn 
vehicles. 

A  number  of  these  experiments  have 
been  tried  to  determine  whether,  if  bitu- 
minous binders  are  to  be  used,  it  will  be 
sufficient  to  adopt  the  penetration  or  grout- 
ing method  in  the  upper  course  after  the 
stones  are  laid  and  partially  rolled,  or 
whether  the  stones  for  the  top  2  or  3  ins. 
of  the  road  must  be  coated  before  they 
are  spread  upon  the  road. 

A  number  of  experiments  were  made  in 
Wenham,  where  the  State  highway  was 
being  resurfaced.  The  old  road  was  first 
picked  up  and  shaped,  then  No.  2  stone 
was  spread  and  rolled.  The  bituminous 
material  was  then  heated  in  a  large,  mov- 
able kettle,  spread  evenly  upon  the  road, 
broomed  to  secure  the  most  even  coating 
possible,  and  allowed  to  penetrate  into  the 
interstices  between  the  stones.  All  travel 
was  kept  off  the  road. 

The  road  was  then  rolled  and  covered  in 
different  sections  with  top-dressings  of 
sharp  sand,  clean  gravel,  pea  stone,  or 
sand  heated  and  mi.xed  with  tar  and  brush- 
ed on  the  road  so  as  to  fill  all  the  inter- 
stices remaining  after  the  grouting. 

In  general,  sections  were  built  100  ft. 
in  length,  and  were  divided  into  three 
parts,  using  upon  the  first  materials  ob- 
tained from  the  American  Tar  Co.,  on 
the  second  those  obtained  from  the  Bar- 
rett Manufacturing  Co.,  and  on  the  third 
various  asphaltic  oil  and  residuum  oil 
products  obtained  from  the  Gulf  Refining 
Co. 

Tar  Grouting. — These  materials  were 
heated  when  that  was  necessary,  spread 
upon  the  road,  brushed  in  and  covered.  In 
some  of  the  tar  sections  a  flush  coat  was 
painted  upon  the  top  of  the  road.  A 
little  less  than  2  gals,  of  bituminous  ma- 
terial to  the  square  yard  of  road  surface 
were  used,  and  the  tar  was  mi.xed  in  vari- 
ous proportions  with  pitch,  and,  in  some 
cases,  with  residuum  oil  asphalt. 

Oil  and  Asphalt  Grouting.— In  the  oil 
and  asphalt  section  the  material  was  pre- 
pared and  spread  in  the  same  manner,  and 
was  mixed  in  various  proportions,  using, 
in  some  cases,  a  so-called  fluxing  oil  (a 
residuum  asphalt  oil)  and  proportions  of 
equal  quantities  of  asphalt  and  fluxing  oil, 
to  three  parts  of  fluxing  oil  and  one  part 
of  asphalt. 

Water-gas  Tar  Grotiting. — Short  sections 
were  treated  with  water-gas  tar,  w'hich  did 
not  prove  satisfactory,  nor  did  a  mixture 
of  asphalt  and  water-gas  tar.  These  sec- 
tions   were,    therefore,    re-treated. 

Costs. — The  cost  for  shaping,  picking  up 
and  putting  on  No.  2  stone,  at  an  average 
of  ISVs  tons  to  the  100  ft.,  was  $0,315  per 
sq.  yd. 

The  cost  of  the  bituminous  materials, 
labor,  heating,  spreading,  and  the  sand, 
gravel  or  pea  stone  used  on  the  top  in  the 
sections  of  road  built  of  tar,  varied  from 
$0,184  to  $0,213  per  sq.  yd. 

In  the  asphalt  section,  where  tarvia  and 
asphalt  were  used,  the  cost  for  the  bitumin- 
ous material,  labor  and  top  covering  was 
$0,292  per   sq.  yd. 

A  short  section  which  was  built  with  an 
oiled  sand  top  cost  $0,417  per  sq.  yd.  This 
work  was  similar  to  that  done  at  Ware- 
ham,  which  will  be  discussed  later. 

In  considering  the  costs,  it  must  be  re- 
membered that  they  were  excessive  for  sev- 
eral reasons;  one  because  the  work  was 
done  late  in  the  year  and  the  sand  had  to 
be  heated.  The  second  and  more  important 
reason  is  that  in  changing  from  one  ma- 
terial to  another  in  each  100-ft.  section  the 


work  had  to  stop,  the  kettle  had  to  be 
emptied  and  the  fire  drawn  before  the 
new  materials  which  were  to  be  "used 
could  be  heated,  and  there  was  necessarily 
a  large  waste  in  labor  while  the  men  were 
waiting  for  the  new  material  to  heat. 

Tarvia  Grotiting  at  Westminster. — A 
much  more  reliable  estimate  of  the  cost 
of  this  kind  of  work  can  be  deduced  from 
the  Westminster  experiment.  There  a 
macadam  road,  9,836  ft.  in  length,  built  as. 
a  State  highway  between  the  years  1894 
and  1899,  was  much  worn.  Not  any  of  the 
upper  course  remained,  and  in  places  the 
stone  had  been  worn  through  to  the  road 
foundation. 

After  picking  up  and  shaping  the  old 
surface.  No.  1  stones,  varying  in  size  from 
2%  ins.  to  1%  ins.,  were  spread  to  a  width 
of  12  ft.,  so  that  the  upper  surface  of  this, 
course  should  be  1%  ins.  lower  than  the  pro- 
posed finished  road  surface,  and  so  as  io 
produce  a  crown  of  %  in.  to  the  foot,  using, 
in  all.  1,492.2  tons  of  trap  rock  (15.17  tons 
per  100  ft.)  in  this  course.  The  No.  1 
stone  so  spread  was  rolled  thoroughly  with 
a  12-ton  roller,  and  all  of  the  voids  were 
filled  with  a  sandy  gravel,  but  no  surplus 
gravel  was  allowed  to  remain  on  top  of 
the  course. 

No.  2  trap  rock  (1%  ins.  to  %  in.)  was 
then  spread  on  in  an  even  layer  to  a  width 
of  15  ft.  and  to  such  a  depth  that,  after 
rolling,  the  course  should  'be  VA  ins., 
thick,  934.16  tons  (9.497  tons  per  100  ft.) 
being  required.  This  course  was  rolled! 
until  its  surface  was  at  the  required  cross- 
section  and  until  it  was  moderately  com- 
pact. 

Tarvia,  graded  as  No.  5  by  the  Barrett 
Manufacturing  Co.,  was  then  applied.  Here, 
as  at  Wenham,  the  tarvia  was  heated  in 
large,  portable  kettles  to  about  180°  F., 
and  was  then  flowed  upon  the  stones  by 
means  of  a  hose  having  a  flat  nozzle,  and 
distributed  as  evenly  as  possible  at  the  rate 
of  about  1  gal.  to  the  square  yard  of  sur- 
face. .'\fter  a  few  hours  the  road  was. 
covered  with  dry,  coarse  sand  up  to  pea 
size,  rolled  thoroughly,  and  some  excess, 
sand  left  upon  its  surface. 

The  road  picked  up  in  places  before  the 
work  was  completed,  and  as  an  examina- 
tion of  some  of  the  loose  stones  showed 
that  they  had  not  been  completely  coated 
with  the  tarvia,  the  commission  increased 
the  quantity  of  tarvia  from  1  to  1%  gals, 
per  square  yard  on  the  remainder  of  the 
contract. 

The   cost   of  the   work   was   as    follows: 
2,426.36   tons   of  broken   stone,   in- 
cluding picking   up   and   shaping 
old    surface,    gravel    binder,    and 
all  incidental  work  and  materials. 

at  $2.30   $5,580.63 

12,083  sq.  yds.  of  tarviated  surface, 

at  $0.11    1,329.13 

4,310  sq.  vds.  of  tarviated  surface, 
at  $0.19"   818.90' 

Total    $7,728.66; 

Sq.  yds.  resurfaced   16,393 

Cost  per   sq.  vd $0,471 

Tons  of  stone  per  100  ft 24.667 

While  the  foregoing  costs  are  contract 
costs  after  competitive  bidding,  and  are 
not  taken  from  the  contractor's  pay  rolls 
and  vouchers,  it  is  known  that  there  was 
little  or  no  profit  to  the  contractor  on  this 
work.  In  fact,  he  has  stated  that  he  came 
out  about  even.  At  the  end  of  the  seasoni 
the  road  was  in  good  condition,  and  all  the 
surplus  sand  left  upon  it  had  either  com- 
bined with  the  tar  or  blown  off. 

Bituminous  Macadam  at  Hamilton. — The 
commission,  at  the  request  of  the  select- 
men of  the  town  of  Hamilton,  constructed 
a    small    section    of    bituminous    macadam 


May  5,   igot). 


ENGINEERING-CONTKACTING 


357 


mail  on  the  iiiain  street  at  Haiiiiltuii  sta- 
tiuii,  a  part  of  it  txriiiK  paid  for  by  the 
Boston  &   Maine   R.   K.   Co. 

This  was  new  construction.  The  road- 
bed was  carefully  prepared  with  a  sub- 
Kradc  of  gouxl  Rravel,  and  graded  accord- 
ing to  cross-sections.  Lpon  this  was  laid 
a  4-in.  layer  of  No.  1  stone,  thoroughly 
rolled.  A  coating  of  coarse  sand  was  then 
added,  flushed  with  water  and  thoroughly 
rolled,  using  about  1  cubic  yard  of  sand  to 
every  12  sq.  yds.  of  road  surface  in  order 
til  till  the  voids,  so  that  the  tar,  to  Ixr  ap- 
plied later,  should  not  go  down  into  the 
lower  course  of  stone.  L'pon  this  was  laid 
a  'i-in,  layer  of  No.  '2  stone,  which  was 
coated  with  larvia  No.  5,  secured  from  the 
Barrett  Manufacturing  Co.  It  was  all 
mixed  by  hand  upon  a  dumping  board,  the 
stone  being  turned  from  two  to  seven 
times.  About  U.3  gals,  of  tarvia  were 
used  for  each  cu.  yd.  of  stone,  and  several 
mixtures  with  tar,  pitch  and  asphalt  were 
tried,  but  the  tarvia  was  found  to  be  satis- 
factory. On  a  portion  of  this  work  pea 
stone  was  mi.xed  with  the  No.  2  stone,  in 
an  attempt  to  more  completely  lill  the  voids. 
-After  the  stone  had  been  coated,  placed 
upon  the  road  and  rolled,  a  flush  coat  of 
No.  3  tarvia  was  spread  upon  the  surface, 
and  in  some  cases  tarvia  mi.xed  with  pitch, 
using  from  V4  to  %  gal.  of  tar  to  the  sq. 
yd.  of  road  surface.  This  was  covered 
with  sharp  sand  in  some  places  and  pea 
stone  in  others,  and  rolled  three  or  four 
times  to  fill  all  the  voids.  While  the  tar 
ran  out  a  little  during  the  hot  weather 
and  additional  sand  had  to  be  added,  and 
a  few  slight  depressions  appeared,  these 
all  tilled  up  again,  and  the  road  is  now  in 
>atisfactory  condition  and  shows  no  sign 
of  wear. 

There  were  2,436  sq.  yds.  in  all  built 
in  this  manner.  The  work  was  necessarily 
expensive  because  such  a  small  quantity 
was  done,  and  various  experiments  were 
tried.  The  total  cost,  including  all  stone, 
shaping,  grading,  etc.,  was  a  little  under 
SOT  I   per  sq.  yd. 

The  cost  of  the  tar,  mixing,  etc.,  for  the 
course  of  No.  2  stone  was  $0.22  per  sq. 
yd.,  and  the  cost  of  the  stone  was  $0,111 
per  sq.  yd.  The  cost  of  the  flush  coat  put 
on  top,  including  the  tar.  etc.,  was  $0,056 
when  sand  was  used,  and  $0.OtJ6  when  pea 
stone  was  used,  per  sq.  yd.  This  makes 
an  additional  cost  for  the  use  of  the  bitu- 
minous macadam  rather  than  ordinary  mac- 
ailam  of  from  $0.27  to  $0.28  per  sq.  yd. 
Undoubtedly  these  costs  would  be  reduced 
from  25  per  cent  to  3<i  per  cent  on  a  good- 
sized  piece  of  work,  and  still  more,  per- 
haps, if  a  mechanical  mixer  were  used. 

BeSt'RF.\CINC    WITH     SANll    AND    ASPHALT    OIL 
MIXTURES. 

The  commission  has  tried  several  ex- 
periments in  resurfacing  old  macadam 
roads  with  various  bituminous  materials 
mixed  with  sand  and  spread  upon  the  top 
of  old  piads.  In  this  work  the  old  sur- 
faces were  picked  up  an<l  shaped,  so  as  to 
bring  them  to  a  true  crown  and  grade.  A 
layer  of  bituminous  material  an<l  sand  was 
then  placed  to  a  depth  of  about  2  ins.  in 
the  center  and  1  in.  at  the  sides. 

In  Wenham  there  were  316  sq.  yds. 
treated  in  this  manner,  using  on  the  first 
100  ft.  a  mixture  of  oil  asphalt  and  fluxing 
oil  in  equal  quantities,  and  fluxing  oil  alone 
on  a  second  section.  Both  products  were 
heated  to  about  180°  F.,  and  the  sand  was 
heated  also,  as  it  was  late  in  the  year, 
and  the  mixture  was  then  spread  upon  the 
road,  as  above  stated. 

On  the  first  section,  26  gals  of  mixture 
were  used  to  every  cu.  yd.  of  sand,  and 
on  the  second  section.  I7H  gals.  The 
average  cost  of  these  two  sections  treated 


ni  this  manner  u.I:^  $'.' 4oJ  per  >q.  )U.  Mils 
cost  was  considerably  less  in  the  section 
where  fluxing  oil  alone  was  used,  as  the 
quantity  used  was  only  1  gal.  to  the  sq. 
yd.  of  road  surface,  whereas  where  the 
a^!)halt  and  fluxing  oil  mixture  was  used 
it  was  nearly  1%  gals,  to  the  sq.  )d.  .Mso, 
the  price  would  be  much  less  (especially 
in  using  fluxing  oil  alone)  if  the  work  were 
done  in  warm  weather,  when  the  sand  did 
not  have  to  be  heated. 

In  Wareham,  near  Trcmont  station,  the 
same  kind  of  experiment  was  tried  upon 
a  macadam  road.  The  materials  for  use 
there  were  furnished  free  of  charge  by  the 
companies  and  individuals  dealing  in  the 
same. 

On  the  macadam  road,  when  necessary, 
it  was  shaped ;  otherwise  it  was  brushed 
as  clean  as  possible,  and  generally  a  light 
coaling  of  the  material  that  was  to  be  used 
in  the  mixture  was  spread  upon  the  clean 
road  before  the  mixture  was  applied.  In 
one  or  two  instances,  where  this  was  not 
done,  the  top  coat  had  a  tendency  to  peel 
off  and  separate. 

In  general,  the  mixture  was  made  of  the 
bituminous  material  and  sand,  both  being 
heated  and  mixed  upon  a  dumping  board, 
and  then  spread  upon  the  road  in  sufficient 
quantities  to  produce  a  coating  2  ins.  thick 
in  the  center  and  1  in.  thick  on  the  sides. 
This  was  then  rolled  with  a  light  roller, 
weighing  about  200  lbs.,  and  later  with  a 
roller  weighing  700  lbs.,  and  thoroughly 
compacted.  Travel  was  kept  off  for  several 
days. 

.•V  section  325  yds.  in  area  was  treated 
with  tarvia  B,  furnished  by  the  Barrett 
Manufacturing  Co.  Here  the  quantity  used 
was  a  little  less  than  %  .gal.  to  the  sq.  yd. 
This  mixture  hardened  very  slowly  and 
did  not  seem  to  bind  very  well,  although 
it  improved  in  condition  somewhat  in  ten 
or  twelve  days,  until  it  began  to  freeze. 
Since  then  the  condition  has  been  rather 
poor.  .About  300  yds.  were  treated  with 
tarvia  A,  furnished  by  the  Barrett  Manu- 
facturing Co.  Here  %  gal.  per  sq.  vd. 
was  used  in  a  wash  coat,  and  about  ^  gal. 
per  sq.  yd.  with  the  mixture.  The  coat- 
ing here  was  about  %  in.  in  the  center 
and  ^  in.  on  the  sides,  after  rolling.  This 
material  began  to  harden  in  about  three 
days  and  was  quite  well  bonded  in  ten 
days.  If  broke  up  a  little  when  it  first 
froze,  but  is  still  in  fairly  good  condition. 

The  next  section  treated  was  261  yds., 
where  petroleum  road  oil  No.  4,  furnished 
b>-  the  Standard  Oil  Co.,  was  used.  Here, 
including  the  wash  coat,  about  .87  gal. 
was  used  per  sq.  yd.  .\t  the  end  of  a 
week  there  was  not  very  much  Iwnd,  but 
at  the  end  of  two  weeks  it  had  improved, 
and  was  in  fair  condition,  although  some- 
what loose  in  the  horse  path,  but  well  com- 
pacted where  the  wheels  went  over  it. 

The  next  section  was  437  sq.  yds.,  where 
asphalt  macadam  bin<ler  No.  8,  furnished 
by  the  Standard  Oil  Co.,  was  used,  the 
section  being  2  ins.  thick  in  the  center  and 
\  in.  thick  at  the  sides.  Here  .92  gal.  was 
used  for  each  sq.  yd.  of  surface.  The 
weather  was  quite  cold  when  this  was  put 
on.  but  it  began  to  harden  in  one  day,  and 
when  travel  was  turned  on,  in  two  or  three 
days,  it  was  hard  enough  to  hold  it  up. 
It  is  still  in  gotvl  condition. 

The  next  section  was  130  sq.  yds.,  which 
was  treated  with  fluxing  oil,  furnished  by 
the  Clulf  Refining  C".  I  I  his  is  a  residuum 
asphalt  oil.  which  has  to  be  heated.)  Here, 
including  the  wash  coat,  1.42  gals,  were 
used  for  e.ich  sq.  yd.  The  depth  of  the 
sand  an<l  oil  mixture  was  2  ins.  in  the 
center  and  1  in.  at  the  sides.  This  ma- 
terial hardened  in  one  day.  and  has  been 
in  excellent  condition  ever  since. 


The  next  section  treated  was  \2't  »q  yds., 
where  asphaltoilene,  furnished  by  the  Good 
U  '  '  provemeiit  Co.,  was  used,  1.36 
K  -    used    for  each  sq.   yd.  of   sur- 

1.1.. Uiiig  the  wash  coat     When  travel 

was  turned  onto  it,  in  two  or  three  days, 
it  had  not  hardened  appreciably,  and  it  is 
still  somewhat  loose,  and  ruts. 

The  next  section  was  188  sq.  yds,,  treated 
with  fluxing  oil  and  "A"  asphalt  in  equal 
parts,  procured  from  the  Gulf  Refining 
Co.  A  section  2  ins.  deep  in  the  center  and 
1  in.  deep  at  the  sides  was  put  on,  usinK 
m  gals,  to  the  s<|.  yd.  This  material 
hardened  very  rapidly,  with  very  little  roll- 
ing, and  in  twenty-four  hours  held  n|> 
travel  without  rutting.  It  is  still  in  good 
condition.  The  next  section  was  76  s(), 
yds.,  treated  with  fluxing  oil  three  parts 
and  "A"  asphalt  one  part.  The  coating 
was  of  the  same  thickness,  and  1.2  gals,  of 
the  mixture  were  used  for  each  sq.  yd.  of 
surface.  This  also  hardene<l  rapidlv.  and 
within  24  hours  held  up  travel,  without  any 
indication  of  rutting,  and  is  still  in  good 
condition. 

The  next  section  treated  was  ■>;  sq.  yds., 
where  a  light  liquid  asphalt  was  used, 
furnished  by  the  Indian  Refining  Co.,  about 
1V4  gals,  being  used  to  the  sq.  yd.  of  sur- 
face. Travel  was  allowed  over  this  sec- 
tion on  the  day  it  was  applied,  and  it 
rutted  slightly,  but  soon  smoothed  out  and 
is  now  in  good  condition.  The  next  section 
treated  was  63  sq.  yds.,  where  heavy  liquid 
asphalt,  provided  by  the  Indian  Refining 
Co.,  was  used,  about  IM  gals,  being  used 
to  each  sq.  yd.  of  surface.  Travel  was  al- 
lowed over  this  section  the  first  day.  and 
slight  ruts  formed,  but  these  soon  smooth- 
ed out  and  the  surface  is  now  in  good 
condition. 

In  the  next  section.  90  sq.  yds.  were 
treated  with  Texas  oil,  furnished  by  the 
Texas  Oil  Co.  Here  1.4  gals,  were  used 
for  each  sq.  yd.  This  oil  would  run  out 
of  the  barrel  without  being  heated.  Travel 
was  allowed  over  this  section  of  road  on 
the  same  day  that  the  mixture  was  applied, 
and,  while  it  rutted  a  little  in  the  begin- 
ning, it  has  since  smoothed  out  and  the 
surface  is  now  quite  smooth  and  in  good 
condition. 

Coils.— The  cost  of  these  different  sec- 
tions varied  greatly,  according  to  the  ma- 
terials used,  the  quantity,  thickness  of  sec- 
tion, etc.  The  tars  and  oils  were  donated. 
.•\s  a  rough  estimate  of  the  probable  future 
cost  of  such  work  it  can  be  slated  that 
the  total  cost  for  labor,  heating,  grading, 
sand,  mixing,  spreading,  rolling,  etc  .  was 
from  $0,115  to  $0.22  per  s<i.  yd.  (not  in- 
cluding bituminous  materials).  This  cost 
can  probably  be  nearly,  if  not  quite,  halved 
on  good-sized  pieces  of  work.  The  tar 
and  oil  products  will  probably  cost  front 
$<»045  to  $0.09  per  sq.  yd. 

In  general,  it  should  be  noted  that  ia 
these  experiments,  as  in  those  at  Wenham, 
the  cost  is  excessive  because  of  the  late 
season  of  the  year,  and  because,  with  all 
the  materials,  the  sand  had  to  be  heated 
and  mixed  upon  a  dumping  l>oard.  then 
lilaced  n()4>n  the  road.  This  is  also  tnie  of 
experinietils  with  oiled  roads,  which  are 
mentioned  below  With  some  of  the  ma- 
terials it  will  probably  be  necessary  to  heat 
the  san<l  at  all  sea.sons  of  the  year,  but  with 
many  others,  the  bituminous  nialeri.-il, 
whether  tar  or  nil.  is  all  iV  '  ■  ■"  'nve  to 
be   heated,   and   it   can  be  n   the 

-and  in  hot  weather.  It  1  .  ..  .-..  .dso, 
that  a  very  large  saving  in  cust  can  be 
made,  when  it  has  been  determined  what 
materials  to  use,  bv  the  use  of  some  me- 
chanical mixer  similar  to  some  of  the  coi»- 
crete  or  asphalt  mixers,  particularly  the 
ones  with  a  double  blade. 
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BITUMINOUS   BINDERS    FOR   S.\ND   ROADS. 

The  commission  conducted  a  number  of 
experiments  in  the  fall  of  1908  in  Ware- 
ham,  using  the  same  materials  mentioned 
above,  which  were  furnished,  free  of  cost, 
by  the  manufacturers  and  dealers.  These 
materials  were  used  in  building  sections 
of  road  where  nothing  but  a  mixture  of 
sand  and  the  oil  or  tar  binder  was  put 
upon  the  road.  The  road  selected  was 
near  Tremont  station,  was  well  drained, 
required  but  little  grading,  but  was  an 
ordinary  Cape  Cod  sand  road. 

The  oils  and  tars  used  were  heated  in 
a  small  kettle  to  about  "200°  F.  Sharp 
sand  was  heated  on  the  side  of  the  road, 
and  all  moisture  expelled.  Where  oil  and 
asphalt  were  used  it  was  found  necessary 
to  heat  them  in  separate  kettles,  as  the  as- 
phalt required  more  heat  than  the  oil. 

The  oil  or  tar  and  sand  were  mixed 
by  hand  upon  platforms,  the  mixture  be- 
ing turned  four  or  five  times.  It  was 
then  spread  upon  the  prepared  surface, 
about  4  ins.  deep  in  the  center  and  3  ins. 
on  the  sides.  Scon  after  spreading,  the 
surface  was  rolled  with  hand  rollers,  weigh- 
ing from  250  to  TOO  lbs.  each,  and  travel 
was  kept  off  for  one  day  to  one  week,  as 
seemed  necessary. 

The  total  costs  of  the  work,  including  a 
small  amount  of  grading  and  some  shaping, 
but  not  including  the  cost  of  any  of  the 
bituminous  binders,  which,  as  before  stated, 
were  all  donated,  varied  from  $0.30  to 
over  SO.fiO  per  sq.  yd.  The  binder  used 
varied  in  quantity  from  IV^  gals,  to  2% 
gals,  per  sq.  yd.  It  seems  probable  that 
these  costs  may  be  cut  at  least  in  halves 
when  any  considerable  length  of  road  is 
constructed.  The  engineer  who  had  charge 
of  the  experiments  estimates  that  with  some 
of  the  materials  a  fair  cost  would  be  from 
$0.20  to  $0.25  per  sq.  yd.,  including  the 
bituminous  binder  and  all  other  materials 
and  labor. 

In  general,  the  widths  treated  were  from 
15  to  18  ft.,  as  this  width  seemed  necessary 
in  order  to  prevent  travel  from  turning 
out  onto  the  sand  and  thereb}'  shearing  off 
the  shoulders. 

The  first  section  treated  was  118  ft.  long, 
and  was  treated  with  tarvia  B.  On  236 
sq.  yds.  was  placed  an  application  of  the 
mi.\ture  3%  ins.  deep  in  the  center  and 
3  ins.  deep  on  the  sides.  Here  1%  gals. 
of  tarvia  were  used  for  each  sq.  yd.  The 
surface  did  not  harden  appreciably  for 
about  ten  days,  and  the  road  was  rolled 
occasionally  and  travel  kept  off  for  two 
weeks.  When  travel  was  first  put  on  the 
surface  rutted  considerably,  but  afterward 
improved  rapidly.  It  also  brol<e  up  a  little 
under  frost,  but  has  improved  since,  and, 
while  not  as  satisfactory  as  the  section 
treated  with  tarvia  A,  it  is  in  reasonably 
good  condition.  The  next  section  was  180 
sq.  yds.,  where  1.85  gals,  of  tarvia  A  were 
used  to  eacli  sq.  yd.  of  surface.  The  sur- 
face commenced  to  harden  in  two  or  three 
days,  and  travel  produced  very  little  effect 
on  it.  It  lias  been  in  good  condition  ever 
since. 

Petroleum  Road  Oil  No.  4,  a  light  as- 
phalt residuitm  oil  furnished  by  the  Stand- 
ard Oil  Co.,  was  used,  270  sq.  yds.  of  road 
being  treated,  using  1.63  gals,  of  oil  to  the 
sq.  yd.  When  travel  was  put  on,  in  about 
ten  days,  it  had  not  bound  very  much  and 
was  badly  cut  up  and  rutted  by  wheels. 
Since  then  it  has  been  tamped  and  rolled 
occasionally  and  is  somewhat  improved, 
although  it  still  ruts.  Possibly  better  re- 
sults would  have  been  obtained  had  a 
heavier  roller  been  used.  In  another  place, 
99  sq.  yds.  were  treated  with  this  same  oil, 
using  2.8  gals,  to  the  sq.  yd.  The  section 
used  here  was  6  inches  deep  in  the  center 
and  4  incites  on  the  sides,  but  when  travel 


was  turned  on  it  rutted  somewhat  and 
showed  a  tendency  to  cut  through. 

A  heavy  asphalt  residuum  oil  known  as 
Asphalt  Macadam  Binder  No.  8,  furnished 
by  the  Standard  Oil  Co.,  was  used  in 
treating  180  sq.  yds.,  1%  gals,  of  the  binder 
being  used  to  each  sq.  yd.  of  surface.  The 
surface  began  to  harden  in  24  hours,  and 
was  quite  hard  in  two  or  three  days,  being 
rolled  occasionally.  When  travel  was  first 
turned  on,  in  about  nine  days,  it  rutted 
slightly,  but  has  since  hardened  so  that  it 
holds  up  travel  and  is  now  in  good  condi- 
tion. In  another  place  37  sq.  yds.  were 
treated  with  the  same  mi.xture,  6  ins.  deep 
in  the  center  and  4  ins.  on  the  sides,  2.40 
g:als.  being  used  to  the  sq.  yd.  This  sec- 
tion rutted  slightly,  as  did  the  first  sec- 
tion, where  a  thinner  coat  was  used,  but  it 
soon  hardened  so  that  it  would  hold  up 
travel  and  is  now  in  good  condition. 

Fluxing  nil,  a  heavy  asphalt  residuum  oil, 
furnished  by  the  Gulf  Refining  Co.,  was 
■  used  in  treating  208  sq.  yds.  of  surface, 
using  1.63  gals,  per  sq.  yd.  The  mixture 
began  to  harden  in  two  or  three  hours,  and 
was  hard  enough  to  hold  up  travel  in  24 
hours.  It  was  rolled  only  for  one  day. 
Travel  was  turned  on  in  three  days,  and 
has  made  no  impression  on  the  surface, 
nor  has  it  been  affected  by  freezin.g  or 
thawing;  it  is  still  in  good  condition. 

Asphaltoilene,  a  light  oil,  furnished  by 
the  Good_  Roads  Improvement  Co..  was 
used  on  liO  sq.  yds.,  using  1.94  gals,  to  the 
sq.  yd.  It  has  been  rolled  repeatedly  with 
light  rollers.  Travel  was  turned  on  in 
about  a  week.  The  material  has  not  hard- 
ened very  much  nor  compacted,  and  is  still 
very  loose. 

Asphalt  and  flu.xing  oil,  in  equal  parts, 
was  used  on  163%  sq.  yds.,  the  materials 
being  procured  from  the  Gulf  Refining  Co., 
2V3  gals,  of  material  to  the  sq.  yd.  being 
used.  It  was  found  that  unless  all  the 
materials — oil,  asphalt,  and  sand — were  ex- 
tremely hot  (200°  F.)  they  would  not  mix 
properly,  and  that  the  asphalt  tended  to 
settle  and  "ball  up."  In  order  to  produce 
good  results  the  heating  had  to  be  very 
carefully  done.  The  mixture  had  to  be 
turned  from  six  to  eight  times.  It  hard- 
ened very  quickly  and  was  very  hard  in 
24  hours.  It  held  up  travel  well,  without 
any  indication  of  breaking  up  or  rutting, 
and  i^  still  in  good  condition. 

"A"  asphalt  one  part,  fluxing  oil,  three 
parts,  was  used  in  treating  187  sq.  yds.  of 
surface.  This  mixture  was  more  easily 
handled  than  the  one  mentioned  above,  and 
hardened  in  about  24  hours ;  2%  gals,  were 
used  to  the  sq.  yd.  Travel  was  turned  on 
the  road  in  24  hours,  and  there  has  been  as 
yet  no  indication  of  rutting  or  breaking  up, 
and  the  surface  is   still  in  good  condition. 

-\  heavy  asphalt  residuum  oil,  furnished 
by  the  Indian  Refining  Co.,  was  also  used. 
This  oil  is  somewhat  lighter  than  the  as- 
phalt macadam  binder  No.  8,  or  the  Gulf 
Refining  Co.'s  fluxing  oil.  With  this  ma- 
terial 71  sq.  yds.  of  road  were  treated, 
using  2%  gals,  of  oil  to  the  sq.  yd.  The 
mixture  began  to  harden  in  a  few  hours 
and  was  quite  hard  in  24  hours.  Travel 
was  turned  on  in  five  days.  It  shows  a 
slight  indication  of  rutting,  but  has  not 
rutted  badly  or  broken  up  under  travel.  It 
is  still  in  good  condition,  although  it  does 
not  seem  to  be  quite  as  hard  as  the  sec- 
tions that  were  built  with  the  asphalt 
macadam  binder  No.  8,  or  where  the  Gulf 
Refining  Co.'s  fluxing  oil  was  used,  and  is 
much  softer  than  where  asphalt  was  mixed 
with   the   oil. 

:\  light  asphalt  residuum  oil,  furnished 
by  the  Indian  Refining  Co.,  was  used  to 
treat  172  sq.  yds.  of  surface,  using  3% 
gals,  to  the  sq.  yds.  The  oil  mixed  very 
readily  with  the  sand,  commenced  to  harden 


in  about  two  days  and  was  quite  hard  in 
four  days.  It  has  rutted  somewhat,  but 
there  are  no  ruts  over  1  in.  or  so  in  depth, 
and  it  has  held   up   heavy  teams. 

Texas  oil,  furnished  by  the  Texas  Oil 
Co.,  was  also  used,  131%  sq.  yds.  being 
treated,  using  2%  gals,  per  sq.  yd.  This 
oil  is  quite  light  and  runs  readily  out  of 
the  barrel,  but  apparently  has  good  binding 
qualities.  It  hardened  considerably  in  one 
day,  and  in  three  days  was  hard  enough 
to  hold  up  travel,  with  only  slight  ruts 
and  no  indication  of  breaking  up.  .\t  pres- 
ent the  road  is  in  good  condition,  and  it 
compares  favorably  with  other  sections  of 
road,  where  heavier  oil  was  used. 

S.-\ND    AND    OIL    RDADS. 

The  sand  and  oil  e.xperiments  were  in 
continuation  of  some  that  the  commission 
tried  in  1905  in  Eastham.  Two  sections 
of  road  were  treated  there,  one  section  a 
macadam  road,  which  was  treated  with  an 
oil  and  sand  mixture,  and  the  other  a  sec- 
tion of  sand  road,  which  was  oiled,'  the 
oil  being  heated  and  allowed  to  soak  into 
the  road,  and  then  being  thoroughlv  liar- 
rowed  and  the  road  shaped  and  rolled. 

The  oil  which  was  used  was  like  fluxing 
oil,  a  heavy  residuum  asphalt  oil,  which 
was  claimed  to  contain  65  per  cent  of  as- 
phalt. The  oil  was  heated  to  180°  or  200° 
F.,  and  applied  from  a  watering  cart  with 
a   special   sprinkling  attachment. 

After  the  oil  had  stood  two  or  three  days, 
sand  was  put  upon  it.  The  work  was  done 
late  in  the  fall  and  was  not  satisfactory; 
in  fact,  it  was  considered  a  failure,  and  it 
was  not  until  the  next  year  that  the  oil 
began  to  appear  upon  the  surface  and  to 
become  compact  under  travel. 

In  1907  this  road  was  rolled  with  a  steam 
roller  and  patched.  While  it  ruts  under 
travel,  and  is  not  in  any  sense  as  smooth 
as  a  macadam  road,  it  has  proved  satis- 
factory in  that  it  has  held  up  travel  and 
only  rutted  to  a  slight  depth,  and  is  still 
in  reasonably  good  condition,  after  three 
years  of  wear. 

The  cost  in  1905,  when  something  over 
a  mile  of  road,  16  ft.  wide,  was  treated,  was 
about  $0.17  per  sq.  yd.,  using  a  little  less 
than  1%  gals,  of  oil  to  the  sq.  vd.  The 
road  \vas  treated  a  second  time  in  1906, 
using;^.!  gallon  to  the  sq.  yd.,  at  a  cost  of 
$0.1084  per  sq.  yd.  This  made  something 
over  2  gals,  of  oil  to  the  sq.  yd.  of  road. 
It  has  been  patched  somewhat  during  the 
last  year. 

During  the  hot  weather  the  oil  comes  up 
to  the  surface,  and  the  division  engineer 
has  estimated  that  some  $400  will  be  neces- 
sary next  year  to  fill  ruts  and  depressions 
in  the  road  and  put  it  in  good  condition. 
The  cost  of  this  road  up  to  the  present 
time  has  been  about  $2,400  per  mile. 

It  was  the  experience  of  the  commission 
with  this  road  that  decided  it  to  try  the 
various  experiments  outlined  above,  to  see 
if  sand  roads  could  not  be  built,  using  oil, 
asphalt  or  tar  as  a  binder,  without  the  use 
of  stone.  It  is  evident  that  if  satisfactory 
roads,  which  will  withstand  ordinary  travel, 
can  be  built  with  sand  and  these  materials, 
the  first  cost  of  the  same  will  be  only 
about  25  per  cent  of  the  cost  of  a  macadam 
road.  The  oiled  roads  will  probably  cost 
from  $1,500  to  $2,000  a  mile,  using  a  heavy 
residuum  asphalt  oil,  which  costs  about 
$0,055  to  $0.06  per  gal.,  and  using  about  2 
gals,  to  the  sq.  yd.  Undoubtedly,  after  sev- 
eral \ears,  such  roads  will  have  to  be 
treated  with  a  second  coat  of  oil,  and  all 
ruts  and  depressions  will  have  to  he  filled 
every  year. 

The  commission  has,  during  the  past 
season,  been  building  a  State  road  of  oil 
and  sand  in  Harwich  Brewster  and  Or- 
leans, where  a  section  about  three  miles  in 
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Iciiiitli  i>  b^iriR  constructed  Tlic  method  is, 
:ti  uciicral,  the  »anie  as  that  used  in  East- 
L'p  to  the  present  time,  while  the 
road  seems  to  be  much  better  than 
nd  road  it  has  hcrctoiorc  had  many 
I-  It  has  been  ininossitilr  ii>  secure 
t-n  layer  of  oil        '  uea 

oil  and  sand  the 

ni  .ill  oi  the  road.  v.  1..  n.u.  uu,  can 
be  cured  in  some  way.  It  is  dvie  to  the 
I  1. 1  iti  ii  .!  •riiiij  construction  the  horses' 
^  in  the  s.iiid.  and  the  sub- 
1  deeply  by  tlic  wheels  of  the 
carij.  1  lie  oil.  no  matter  how  evenly  it 
is  spre.id,  tends  to  settle  into  the  depres- 
sions. 

The  defects,  however,  seem  to  be  due  to 
the  methods  of  construction  rather  than 
to  .my  inherent  trouble  with  the  materials 

'-■■'       It    is    possible,    of    '-■      .Tltliough 

k-rably  more  cxpci  ix  all  of 

il  and  sand  upon  i  lo,  grade 

the  section  of  road  to  be  treated,  and  to 
then  apply  the  oil  and  sand  mixture  in  an 
even  layer.  If  a  mechanical  mixer  is  used, 
the  expense  of  this  method  will  not  be 
prohibitive. 

In  some  places  it  may  be  possible  to 
spread  the  oil  in  even  layers  from  the  road- 
side, where  there  is  sufficient  width  to  al- 
low the  cart  to  travel  upon  the  shoulders. 
It  may  be  possible  to  construct  some  special 
tank  wac:on  with  a  wide  enough  axle 
to  reach  across  the  road,  and  spread  the 
oil  from  that,  without  rutting  the  road, 
shaping  it  behind  the  horses.  If  this 
method  is  used  it  will  probably  be  best  to 
put  the  oil  on  in  a  thin  layer  of  %  gal. 
to  the  sq.  yd.,  and  then  cover  it  with  about 
1  in.  of  sand  to  each  layer  of  oil,  as  the 
oil,  in  warm  weather,  tends  to  work  up 
through  the  sand  rather  than  down. 

It  is  impossible  at  the  present  time  to 
state  which  of  the  various  materials  used 
will  prove  the  best.  It  docs  seem  probable, 
however,  that  some  one  of  these  materials 
and  mixtures  will  prove  to  be  satisfactory, 
and  can  be  used  for  the  purpose  of  pro- 
ducing not  only  a  dustiest  road  but  one 
that  will  withstand  automobile  travel,  and 
can  also  be  used  in  combination  with  sand 
or  gravel  to  produce  a  road  which  will 
withstand  any  ordinary  travel,  be  dust- 
less  and  not  cost  more  than  2o  per  cent 
to  30  per  cent  of  the  cost  of  a  macadam 
road. 

Even  if  such  roads  have  to  be  treated 
every  year,  at  an  expense  of  from  $0.05 
to  S<i.'U^  per  s(|.  yd.,  they  would  probably 
•"^■■\.-  to  Ik-  chcaiier  than  macadam  roads, 
lally  taking  into  account  the  first  cost 
t  ■■nstruction,  and  the  fact  that  a  binder 
of  some  character  has  to  be  used  upon 
macadam  roads  as  well,  in  order  to  prevent 
their  being  destroyed  by  automobiles. 

R"AI1S     rRE-VTF.D     WITH     TARVIA     IN      1907. 

There  were  several  stretches  of  road 
treated  with  larvia  A  in  l!>0",  this  being 
a  refined  tar  pri>duct  procured  from  the 
Rarrett  .Man'ifacturing  Co.  1  hcse  were  at 
Wayland,  Wcs!t>n,  Lynn  and  Wcstwood, 
and  a  section  in  Bourne.  The  results  dif- 
fered in  the  various  places. 

In  Weston  the  roads  were  unsatisfac- 
toi?,  the  refined  tar  on  the  surface  disap- 
pearing over  50  per  cent  of  the  surface 
during  the  season  of  1007.  In  Wayland. 
Lynn  and  Westwood  the  tarvia  remained 
upon  the  surface,  and  in  fairly  satisfac- 
tory condition,  during  t! "i    IJKlT. 

In   I90,M  .T  number  of  h'  ■<!' from 

time  to  time  where  the  t..:  ..  ...m  out 

or  disappeared     When  such  '  arc 

patched  immediately  with  tar-.  mix- 

turc  of  tarvia  and  pitch,  the  r-i.id  ii.ay  be 
kept  in  good  condition  imtil  another  gen- 
eral treatment  is  needc<l.  The  cost  of  the 
patching  that  had  to  be  done  in  KH^*  varied 
from  1   cent  to  2  cents  per  sq.  yd.  of  the 


entire  surface  of  the  road.  As  with  the 
oil  treatments,  ilu-  Ic  i  rc>uhs  were  ob- 
tained when  •  is  placed  upon 
dean,  well-.  -c,  and  where 
there  were  nu  dii^t  puckcis  or  loose  ttones 
underneath. 

In  Waylanil  an!   '' 
present    time    tin' 
through   ani'tlicr    -•  .i-  ■..    ivi.n    . 
patching,  and   wiihdui   any   retr. 
the  whole  surface.     In  Lynn  and    ..,-:..    . 
the  tarvia  has  worn  off  so  that  it  is  prob- 
aWe  that  the  road  will  have  to  be  recoated 
with  a  light   surfacing  of  refined   tar.  and 
pea  stone  or  sharp  sand  added,  to  repro- 
duce a  wearing  surface. 

Where  these  roads  were  not  tarviattd  for 
the  entire  width  there  has  been  a  tendency 
for  the  tarvia  on  the  shoulders  or  edges 
to  crack  off,  and  for  the  road  to  begin  to 
ravel  then.  Experience  seems  to  indicate 
that  practically  the  entire  width  of  the 
roadway  should  be  treated,  though  this 
will  cost  more  money. 

The  original  cost  of  the  tarvia  .\  work 
done  in  1907,  including  rolling  and  the 
top-dressing,  was  from  10  cts.  to  12  cts. 
per  sq.  yd.,  but  it  is  expected  that  retreat- 
inents  will  cost  much  less. 

In  concluding  the  report  on  its  experi- 
mental work  the  commission  advances  the 
following  general  considerations  and  tenta- 
tive conclusions : 

So  far  as  the  experience  of  the  commis- 
sion is  concerned,  it  seems  evident  at  the 
present  time  that  in  order  to  produce  good 
results  by  the  use  of  oil,  and  to  accom- 
plish anything  more  than  the  temporary 
laying  of  dust,  it  is  necessary  to  use  oils 
which  have  an  asphaltic  base,— the  larger 
the  percentage  of  asphalt,  speaking  gen- 
erally, the  better  the  results. 

The  oils  should  actually  contain  an  as- 
phaltic base,  and  not  be  merely  oils  or 
resicluums  which  are  claimed  to  contain  such 
a  base.  The  lighter  oils  with  an  asphaltic 
base,  as  has  been  stated  elsewhere,  will 
tnaintain  a  road  that  is  in  proper  condi- 
tion, to  wit,  with  no  dust  pockets  or  loose 
stone,  using  about  '4  gal.  to  the  sq.  yd. 
of  surface  treated,  and  covering  with  pea 
stone,  sharp  sand  or  gravel,  for  one  year, 
without   serious  deterioration. 

It  appears  now  that  the  heavier  oils, 
which  must  be  heated  in  order  to  be  ap- 
plied, will  last  for  a  longer  time  without 
being  re-treated.  The  indications  are  also 
that  these  heavier  oils,  possibly  enriched 
with  the  right  quantity  of  asphalt,  will 
make  a  permanent  roadbed  when  mixed  in 
proper  proportions  with  sanil.  and  will  very 
likely  prove  effective  in  resurfacing  old 
macadam  roads  if  a  layer  is  put  on  2  ins. 
thick  in  the  center  and  1  in.  on  the  sides, 
compnclcd  and  rolled.  Undoubtedly  such 
roads  will  require  additional  coats  of  oil, 
sand  or  gravel  from  time  to  time.  The 
experience  of  the  commission  in  regard  to 
these  materials  is  the  same  as  i  -i-  •■> 
in  reports  on  oiled  roads  in  Cal^ 

in  r.i.,,r!.   ,,t   the  .•\gricultural   Lv,,..; 

in  '  n. 

■iments  of  the  commission  and 
the  analy^es  of  its  chemist  are  in  accord 
with  the  experience  in  the  use  of  various 
tar  products  both  in  this  country  and 
abroad,  so  far  as  can  be  learned.  Ex- 
perience evervwlierr  shows  that  different 
^■>^■^lI^d  lar<-  v.irv  mtv  much  in  quality, 
cvrii  when  thry  are  secured  from  the  same 
plant. 

Generallv  speaking,  when  a  perm.inent 
binder  is  desired.  goo<!  results  are  obtained 
onlv  when  a  refined  tar  is  used,  or  a  tar 
ami  pitch  mixture,  which  makes  a  ma- 
terial  timilar  to   refined   tar.  and   when  the 


character,  and  v 

to 

time,  thi!  it  i^  :■.' 
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of  obi 
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rally, 

from    the 
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■    .m 

<■  • 
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other.  sure  that  the   results 

will    I  ry.      Thr    rrporis    of 

experts  .sctm  to  indicate  >  '.  qual- 

ity of   tar  is  procured   f-  where 

the  tar   is  ch 

plants   are  'as 

tar  is  r-~'  Mr 

is  mar  il- 

gas  tai  .....   „  ...    '.--  !.i- 

um  tar  products  are  likely  to  be  poor  and 
to  contain  too  much  frci    r.irbon. 

The  conr  1  justified  at 

this  time  it  than  a  few 

general   statcmcnti   as    to   iii  ts, 

l)Ocause  the  roads  have  not  b<'  •  t- 

0  '    '  .     ,       1        nstran    ww    the 

ar  or  how  they 
II. .1 .     ..    .1.1-  ■  .. .,   I...    i.     '.. 

Experience  has  shown,  also,  that  if  or- 
dinary tar  is  heated  for  two  hours  or  more 
a  very  large  proportion  of  the  lighter  prod- 
ucts will  be  expelled,  and  the  quality  will  be 
much  improved.  Of  course,  if  refined  tar 
is  bought  in  the  first  instance  this  is  not 
necessary. 

It  also  seems  probable  that  in  many  lo- 
calities, if  ordinary  ;•-  '  tar  is  used 
(which  can  often  '  1  at  a  very 
low  price  at  the  !u^...  ,...;.;  i.  and  it  is 
heated  for  two  or  three  hours  and  thereby 
somewhat  jefined,  that  it  can  be  mixed 
with  a  small  quantity  of  pitch,  asphalt  or 
some  other  material  (the  nature  of  which 
can  be  ascertained  by  analyses  and  experi- 
ments by  a  competent  chemist),  and  that 
good  results  can  be  obtained  by  using  it  in 
the  proper  manner  upon  the  roads. 

It  also  seems  probable  that  tar  can  be 
mixed  with  hot  sand,  and  put  upon  an 
old  macadam  road  in  a  2-in.  section,  there- 
by producing  a  sand-tar  top  which  will 
withstand  travel  for  a  consiflemMe  time, 
when  the  road  is  in  such  -bat  its 

slippcriness  will  not  be  ' 


Steam  Road  Roller  Maintenance. 

The  Massachusetts  Highwa>  'ti 

had  under  its  control  durinf   '  ..am 

road  rollers.    The  rollers  l.l'iti^ 

days  on  town  work,  in  ■"•  ■  towns. 

They  were  also  used  .V.T  u  state 

highway  repair  work,  on  '  :  roads; 

-"'        ■  ■  ::^     tor    the 

■ig  the  small 
•      -       -ac- 
ne 

.  -..ite 

r.  I  he  total  number 
.;  the  year  was  2,1+4 — 
an  average  ol  lU*  days  for  each  roller.  The 
total  cost  of  such  maintenance  for  the  year 
W.-IS  $2,046.  Of  this  amount  $1,000  was 
paid  for  practicallv  rebi.ildini;  one  of  the 
rollers  which  had  b<  u-e 

189»5;    and    $l,tMtJ    w  !ie 

■"■'■'—    ••■•"•'••-       '■  -..,.,1.,,   of 

the   rollers, 
'  "ary   repairs 

'!  -  cts    per  day  for  each 

'  nparison  of  the  above 

i"i«-.:rcs   with   siioic   of   the  years    1906   and 
l".K)T  is  uiven  below: 

,r....-  ,JQ-  ,j(,g 

N  1«  IS 

<  t.soi      :.i4i 

113  11» 

■....  .....tO.*IH     tOMH     10.90  </B 
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Tables  for  Use  in   Road    and    Street 

Work. 

Areas  of  IVateritmys  for  Culverts.— In 
determining  the  proper  area  for  water  ways 
in   culverts,   Talbot's   formula 


ORDINATES  FOR  CROWNING  PAVEMETS'T. 
Dist.  Fi-om  C.  L.  Below  Grade  when  Gutter 
Fraction  of  Width  Depth  is — 


A 


=  C^D3 


has  been  used  extensively  by  railways.  In 
this  formula  A  is  the  area  of  waterway  in 
sq.  ft.,  C  is  a  coefficient  depending  upon 
the  nature  of  the  watershed  and  D  is  the 
drainage  area  in  acres.  The  accompanying 
tabulation  has  been  figured  out  from  the 
above  formula  the  value  of  the  coefficient  C 
being  assumed  to  be  as  follows :  Very 
mountainous  territory  C  =  1 ;  mountain- 
ous, C  =  % ;  very  hilly,  C  =  % ;  hilly, 
C  :=  % ;  rolling,  C  ^=  V4 ;  gently  rolling,  C 
=  Vs;  prairie,  C  =  Ve-  In  the  table  op- 
posite the  given  number  of  acres  in  the 
drainage  area  and  under  the  proper  classi- 
fication of  watershed  will  be  found  the  re- 
quired area  of  waterway  in  sq.  ft. 
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3.3 

2.2 

1.7 

1.1 

0.8 

0.6 

0.5 

10 

5.6 

3.7 

2.8 

1.9 

1.4 

1.1 

0.9 

15 

7.6 

0.1 

3.8 

2.5 

1.9 

1.5 

1.3 

20 

9.5 

6.3 

4.7 

3.2 

2.4 

1.9 

1.6 

25 

11.2 

7.5 

5.6 

3.7 

2.8 

2.2 

1.9 

30 

12.8 

8.5 

6.4 

4.3 

3.2 

2.6 

2.1 

40 

15.9 

10.6 

8.0 

5.3 

4.0 

3.2 

2.6 

50 

18.8 

12.5 

9.4 

6.3 

4.7 

3.8 

3.1 

«0 

-21.6 

14.4 

10.8 

7.2 

5.4 

4.3 

3.6 

80 

26.8 

17.8 

13.4 

8.9 

6.7 

5.4 

4.5 

100 

31.6 

21.1 

15.8 

10.5 

7.9 

6.3 

5.3 

120 

36.3 

24.2 

18.1 

12.1 

9.1 

7.3 

6.0 

140 

40.7 

27.1 

20.4 

13.6 

10.2 

8.2 

6.8 

160 

45.0 

30.0 

22.5 

15.0 

11.2 

9.0 

7.5 

180 

49.1 

32.8 

24.6 

16.4 

12.3 

9.8 

8.2 

200 

53.2 

35.6 

26.6 

17.7 

13.3 

10.6 

8.9 

220 

57.1 

38.0 

28.6 

19.0 

14.3 

11.4 

9.5 

240 

61.0 

40.8 

30.5 

20.3 

15.2 

12.2 

10.2 

260 

64.8 

43.2 

32.4 

21.6 

16.2 

13.0 

10.8 

280- 

6S.5 

45.6 

34.2 

22.8 

17.1 

13.7 

11.4 

300 

72.1 

48.1 

36.0 

24.0 

18.0 

14.4 

12.0 

340 

79.3 

52.8 

39.6 

26.4 

19.8 

15.8 

13.2 

360 

82.6 

55.2 

41.3 

27.6 

20.6 

16.5 

13.6 

400 

89.4 

59.6 

44.7 

29.8 

22.3 

17.9 

14.9 

450 

97.7 

65.2 

48.9 

32.6 

24.4 

19.5 

16.3 

500 

105.7 

70.4 

52.9 

35.2 

26.4 

21.1 

17.6 

550 

113.5 

75.6 

56.7 

37.8 

28.4 

22.7 

18.9 

600 

121.2 

80.8 

60.6 

40.4 

30.3 

24.2 

20.2 

650 

128.7 

85.8 

64.3 

42.9 

32.2 

25.7 

21.4 

700 

136.1 

90.8 

68.0 

45.4 

34.0 

27.2 

22.7 

750 

143.3 

95.4 

71.6 

47.7 

35.8 

28.7 

23.9 

800 

150.4 

100.2 

75.2 

50.1 

37.6 

30.1 

25.1 

850 

157.4 

l05.n 

78.7 

52.5 

39.4 

31.5 

26.2 

900 

164.3 

109.6 

82.1 

54.8 

41.1 

32.9 

27.4 

950 

171.1 

114.0 

85.5 

57.0 

42.8 

34.2 

28.5 

1000 

177.8 

118.4 

88.9 

59.2 

44.4 

35.6 

29.6 

1100 

196.0 

127.4 

95.5 

63.7 

47.8 

36.2 

31.8 

1200 

203.9 

135.8 

101.9 

68.0 

51.0 

40.8 

34.0 

Ordinates  for  Crowning  Street  Pave- 
ment.— The  accompanying  table  has  been 
found  very  convenient  in  setting  grades  for 
crown  of  streets,  and  for  testing  and  cut- 
ting templates  for  circular  crowned  streets. 
In  using  the  table  points  are  taken  from 
the  center  line  toward  gutter  in  fractional 
part  of  half  of  street  width.  To  obtain 
rod  reading  at  point  sought  the  decimal 
in  table  is  added  to  grade  rod  reading.  The 
following  example  is  given  to  show  the 
■method  of  using  the  table  in  setting  grades 
across  the  street.  Rod  at  center  of  street 
crown  =^4.38;  gutter  8  in.  below  crown; 
width  between  curbs=40  ft.;  desired  rod 
readings  at  Vs,  %,  %,  %  and  gutter.  Half 
street  width  =  20  ft.  Set  pegs  4,  8,  12,  16  ft., 
from  center  line  and  at  gutter.  Then  from 
.03  =  4.41;  8  ft.  =  4.38plus  .11=4.49;  12  ft. 
table,  rod  at  first  or  4  ft.  peg  ^4.88  plus 
=  4.38  plus  .24  =  4.62;  16  ft.  =  4.38  plus 
.67  =  4.81.  At  gutter  =  4.38  plus  .67  = 
5.05.  The  table  has  been  used  by  the  City 
Engineers'  Department  of  Springfield,  Mo., 
and  we  are  indebted  to  Mr.  E.  M.  Essex  of 
that  department  for  the  information  given, 
above. 


°  °  Jl  J' 

Center    000  .o'oo  .000'  .o'oO' 

1-20    001  .002  .002  .003 

2-20  1-10    005  .007  .008  .010 

3-20    Oil  .015  .019  .023 

4-20  2-10   1-5 020  .027  .033  .04 

5-20  1-4  .031  .042  .052  .063 

6-20  3-10     045  .060  .085  .09 

7-20    06t  .082  .102  .123 

S-20  4-10    2-5 080  .106  .133  .16 

9-20    101  .135  .168  .203 

10-20    5-10  1-2  .125  .167  .208  25 

11-20    151  .201  .251  .303 

12-20   6-10  3-5 ISO  .240  .299  .36 

13-20    211  .281  .351  .423 

14-20   7-10    245  .327  .407  49 

15-20  3-4  .281  .375  .467  .563 

16-20  8-10  4-5 320  .426  .531  .64 

17-20    361  .481  .600  .723 

18-20    405  .540  .673  81 

19-20    45]  .601  .749  .903 

Gutter     500  .666  .833  1.000 

Weight  of  Drain  Tile. — Porous  or  farm 
tile  laid  3  or  4  ft.  deep  on  one  or  both 
sides  of  the  roadway  is  the  best  method 
of  securing  underdrainage  for  highways. 
Tile  may  be  had  from  3  to  30  ins.  in 
diameter.  The  smaller  sizes  are  usually  1 
ft.  long  and  the  larger  sizes  are  2  or  2% 
ft.  long.  The  accompanying  table  shows 
the  weight  per  foot  and  the  average  car- 
load for  various  sizes  of  tile : 
Weight 

Per  Foot.     — Aver.  Carload. — 
Lbs.       No   Pieces.     Rods. 

4-in.   tile    6  6,500  390 

5-in.    tile    8  5,000  300 

6-in.    tile    11  4,000  240 

7-in.   tile    14  3,000  ISO 

S-in.   tile   18  1,200  144 

10-in.   tile   25  800  96 

12-in.    tile    33  500  60 

14-in.   tile    43  400  48 

15-in.   tile   50  300  36 

16-in.    tile    53  250  30 

IS-in.    tile    70  200  24 

20-in.    tile    83  166  20 

22-in.   tile   100  160  19 

24-in.    tile    112  150  18 

30-in.   tile    193  65  10 

Cu.  Yds.  of  Broken  Stone  Per  Mile. — 
The  accompanying  table  shows  the  number 
of  cubic  yards  of  broken  stone  per  mile  re- 
quired to  make  a  given  loose  depth  for  vari- 
ous widths  of  road : 

Depth       —Width  of  Stone  Bed- 
Loose  8  ft.  9  ft.  10ft.  13ft.  14ft.  16ft. 
Mater'l.  Cu.    Cu.    Cu.    Cu.    Cu.  Cu. 
Ins.     yds.  yds.  yds.  yds.  yds.  yds. 
Screenings     1%       196     220     245     293     342     391 

3  391     440     490     586     6S4     782 

4  521     587     652     782     913  1043 

5  652     734     815     978  1141  1304 

6  783     8S0     97S  1173  1369  1565 

Loose  stone  will  reduce  about  %  of  its 
depth  after  being  thoroughly  rolled,  this 
reduction,  however,  depending  somewhat 
on  the  condition  of  the  subsoil.  A  fair 
average  weight  for  crushed  limestone  is 
2,500  lbs.  per  cu.  yd.;  granites  and  quartz- 
ites  average  2,600  lbs.  per  cu.  yd.  and  trap 
rocks  about  2,700  lbs.  per  cu.  yd.  To  con- 
vert the  above  table  to  tons  per  mile,  ^4 
should  be  added  to  the  figures  to  obtain' the 
number  of  tons  per  mile  required  for  a 
limestone  road  of  given  depth  and  width. 
.3  for  tons  of  granite  or  quartzite  and  7/20 
for  tons  of  trap  rock. 

Iron  Pipe  Data. — Iron  pipe  is  used  fre- 
quently by  railroad  companies  in  culvert 
work,  and  the  following  table  gives  some 
data  on  the  sizes  commonly  used : 

Size  Average  Weight 

Opening.     Opening.  Per  Ft.  Thickness. 

Inches.         Sq.  Ft.  Lbs.         Inches. 

IS  1.76  167  % 

24  3.14  250  1 

30  4.91  350  1^4 

36  7.07  475  1% 

48  12.57  775  1% 

60  19.63  1330  2 


Notes    on    Road,     Maintenance     and 
Repair. 

Maintenance  is  as  important  as  construc- 
tion. Roads  deteriorate  very  rapidly  if 
neglected.  Rain,  frost,  freshet,  drought, 
wagon  traffic,  the  steel  shod  feet  of  horses, 
narrow  tires,  combine  powerful  forces  to 
flatten,  rut  and  destroy  roads. 

Roads  should  be  maintained  by  not  al- 
lowing them  to  get  out  of  repair.  Neglect 
to  keep  roads  in  repair,  failure  to  repair 
them  when  repair  is  first  needed,  adds  very 
much  to  the  cost  of  roads.  A  good  road 
which  is  not  kept  in  repair  very  quickly 
becomes  a  bad  road,  and  the  object  of  the 
original  expenditure  is  thus  lost.  To  allow 
roads  to  degenerate  for  want  of  repair 
means  an  immense  waste  of  labor,  material 
and  money,  which  has  to  be  made  up  in 
their  reconstruction.  Whenever  good  roads 
are  built,  arrangements  should  be  made  for 
a  careful  attention  to  their  repair. 

Public  highways  should  be  kept  in  re- 
pair by  a  system  similar  to, that  adopted  by 
railways.  Where  a  council,  as  is  commonly 
the  case,  provides  materials,  gravel,  tile, 
etc.,  for  road  maintenance,  out  of  the  gen- 
eral funds,  one  sectionman  with  horse  and 
cart,  and  help  when  required,  can  keep  in 
repair  ten  miles  of  gravel  or  stone  road  at 
a  cost  not  exceeding  the  statute  labor 
along  the  road,  commuted  at  one  dollar  a 
day. 

A  road  as  commonly  built  for  country 
traffic  should  receive  as  much  attention  the 
first  year  after  construction  as  it  would 
require  in  the  following  two  years.  This 
is  especially  necessary  if  gravel  or  stone  is 
placed  loosely  on  the  road  and  left  for 
traffic  to  consolidate. 

.\  large  part  of  the  repair  of  roads  is 
necessitated  by  defective  construction.  A 
poorly  made  road  will  wear  out  much  more 
rapidly  than  one  which  has  been  well  built. 
To  construct  roads  properly  may  be  greater 
in  first  cost,  but  this  is  compensated  by  the 
redviction  in  the  outlay  for  maintenance  in 
addition  to  the  benefits  of  better  roads. 

Roads  should  be  kept  smooth.  Smooth 
roads  shed  water  more  readily  than  do 
rough  roads.  It  is  not  the  even  roll  of  a 
wheel  over  a  smooth  road  that  causes  in- 
jury. It  is  the  jarring  action  of  wheels 
dropping  from  loose  stones,  from  protrud- 
ing stones,  or  sinking  into  holes  and  ruts. 

When  a  road  is  newly  built,  drive  a 
wagon  up  and  down  a  number  of  times 
and  make  a  track  where  vehicles  are 
wanted  to  go.  This  is  especially  necessary 
if  the  gravel  or  stone  is  not  rolled  or  if 
there  is  a  tendency  to  drive  on  the  earth 
shoulders.  Teams  are  very  like  sheep — 
they  follow  the  leader. 

Hollows  and  pitch  holes  should  not  be 
allowed  to  form  at  the  ends  of  culverts  and 
bridges  projecting  above  the  surface  of  the 
road.  These  pitch  holes  form  because 
every  vehicle  crossing  the  bridge  drops 
down  with  a  heavy  jolt.  Shallow  at  first, 
the  deeper  the  holes  become  the  more  rap- 
idly they  increase  in  size  and  depth,  be- 
cause the  pounding  action  of  the  wheels 
increases  with  the  depth.  Water  collects 
and  remains  in  these  holes,  and  assists  the 
wearing  action  of  the  wheels. 

Wherever  there  is  a  roughness  of  any 
kind,  a  projecting  or  loose  stone,  a  soft  or 
hollow  spot  in  the  road,  there  is  the  same 
pounding  action  of  the  wheels  assisted  by 
the  collecting  of  pools  of  water,  which  lie 
in  every  depression. 


*From  the  report  for  1909  of  A.  W  Camp- 
bell. Deputy  Minister  of  Public  Works  for 
the  Province  of  Ontario,   Canada. 
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Culvert  aiiJ  Sewer  Design,  With  Espe- 
cial Ref«rence  to  Reinforced 
Concrete.  • 

ay   hk.stsT    M'ciUjiioii.t 

Centuries  ago  men  commenced  to  buiUI 
masonry  tunnels  to  carry  water  to  their 
cities.  Later  they  commenced  to  build 
!!iasonry  tunnels  to  rid  their  cities  of  filth. 
These  water  conduits  and  sewers  were  built 
in  accordance  with  rules  evolved  through 
years  and  generations  oi  experience,  and 
today  we  are  following  the  rules  given  by 
men  who  built  sewers  in  Rome  and  Baby- 
lon. No  difference  can  be  found,  because 
masonry  docs  not  change,  and  until  re- 
inforced concrete  came  in  the  only  force 
considered  as  acting  on  sewers  was  press- 
ure in  the  form  of  compression. 

Today  the  problem  comes  to  me  as  en- 
gineer for  a  firm  selling  reinforcing  ma- 
terial the  request  from  our  salesmen  to 
give  them  some  plans  for  sewers  for  some 
city  engineer,  said  sewers  "to  be  as  strong 
as  a  one-ring,  two-ring,  or  three-ring  brick 
sewer,"  lor  which  plans  have  been  already 
prepared.  You  will  see  that  two  problems 
come  in  at  this  point.  One  is  to  determine 
how  strong  the  brick  sewer  is,  and  the 
other  to  design  a  reinforced  concrete  sew- 
er strong  enough  to  do  the  work,  and  yet 
requiring  so  little  reinforcement  that  we 
can  sell  in  competition  with  other  manu- 
facturers, every  one  of  whom,  we  may  be 
sure,  has  engineers  wrestling  with  the  same 
problem. 

Literature  on  the  subject  of  sewer  de- 
sign is  scanty.  So  far,  it  has  been  simply 
one  man  copying  from  another,  with  now 
and  then  a  bold  man  trying  experiments 
in  order  to  spread  a  small  sewer  appropria- 
tion over  a  very  large  area.  Occasionally 
these  experiments  are  successful  when  con- 
ditions are  right,  and  the  long  list  of  fail- 
ures following  in  the  track  as  a  result 
tends  to  discourage  men  straying  from 
time-tried  and  accepted  standards. 

On  the  subject  of  brick  sewers  we  arc 
told  that  one  ring  of  brick  (4^  ins.)  is 
generally  sufficient  for  sewers  up  to  3  ft. 
in  diameter,  and  that  two  rings  (9  ins.) 
will  be  sufficient  for  sewers  up  to  about 
€  or  8  ft.  in  diameter.  Beyond  that  it  is 
a  matter  of  following  someone  else,  al- 
though a  number  of  engineers  say  that 
after  a  diameter  of  8  ft.  is  reached  there 
should  be  an  additional  riirg  of  brick  for 
each  nine   ins.   increase  in  diameter. 

Baldwin  Latham  in  18T.'l  gave  the  fol- 
lowing formula  by  which  to  determine 
the  thickness  of  sewer  walls,  circular  sew- 
ers or  sewers  having  a  semi-circular  top: 

Let  /  =  thickness  of  brickwork  in   feet. 
(/^  depth  of  excavation  in  feet, 
r^  external  radius  of  sewer  in  feet, 
then  dr 

100 
In  using  this  rule  it  is  necessary  to  first 
assume  some  thickness  and  add  twice  this 
assumed  thickness  to  the  internal  diameter, 

•.\  impor  rcml  bi-forc  the  Illlnolii  Sorlrty  of 
Enicln»'iTs  and  Survryom  lit  tho  nnnual  me#»t- 
Init.  Chli-ngo.  III..  Janunrj-  :7-:9.  l'Ji)9. 
<Chlpf     Engineer.      Northn  •utiTn      Rxpiinded 
Metal   Company.   ChlenKO,   III. 


■  ■■r   iiK    r.fnu-.   in-   i;ivcs   1-   iim    ixtcrn.ii    r.i- 
dius. 

He  states  that  the  number  of  rings  of 
brick  (Wt  ins.  per  ring)  is  determined  by 
dividing  the  thickness  found  by  the  formu- 
la by  the  thickness  of  a  ring  of  brick  and 
throwing  the  fraction  of  a  ring  thus  found 
into  the  wall,  so  that  actually  the  thick- 
ness found  by  the  formula  will  be  likely 
to  be  slightly  increased,  because  the  bricks 
have  a  definite  width. 

Mr.  Latham  states  that  he  derived  this 
formula  fronr  experiments  made  to  dctcr- 
Biinc  the  crushing  strength  of  brick  work, 
the  brick  having  been  found  strong  enough 
to  carry  a  column  of  earth  100  ft.  high. 
It  will  be  noticed  that  his  rule  will  give 
sewer  walls  of  a  thickness  corresponding 
to  the  depth  of  the  fill  and  varying  direct- 
ly with  this  deplli.  We  know  well  that  at 
some  point  the  pressure  stops  increasing 
directly  as  the  depth,  so  his  rule  is  of  no 
great  value  except  as  a  starting  point  for 
calculations. 

Engineers  who  disliked  fixing  the  thick- 
ness of  sewer  walls  by  mere  rule  of  thumb 
have  used  the  foregoing  formula  as  a  start 
er  on  sewers  designed  for  shallow  depths 
and  used  their  judgment  when  they  got 
deeper.  Other  engineers  have  used  the 
following  rule  for  depths  of  arch  rings 
devised  by  Rankine: 

in   which 

r  =  internal  radius  in  feet. 
/?==  depth  of  arching  ( thickness  at  top). 
C  =  a  constant  =  0.2     for  concrete. 

^0..3     for  block  stone. 
=  0.4     for  brick. 
=  0.45  for  rubble. 

That  this  formula  has  had  a  great  deal 
to  do  with  the  present  methods  of  brick 
sewer  construction  may  be  surmised  when 
we  calculate  the  number  of  rings  of  brick 
required  for  sewers  of  different  diameters. 
For  example:  3  ft.,  I  ring;  4  ft.,  2  rings; 
C  ft.,  2  rings ;  8  ft.,  3  rings ;  10  ft.,  3  rings ; 
12   ft.,  3  rings;  14  ft.,  4  rings. 

Prof.  Rankine  says  the  horizontal  thrust 
in  an  arch  nearly  equals  the  weight  sup- 
ported between  the  crown  and  that  part  of 
the    soffit    whose    inclination    is   4.5°. 

In  a  straight  arch  of  brick  with  radiat- 
ing joints 

L'-0.45  Js-  f^ 

where  D  =  thickness   of   arch    ring  at    top 
.S"  ^  span. 
.\n  arch  of  A"'   is  the  fl.ittest   than  can 
be   constructed   with   safety   when   depth  at 

crown    f  thtcknefs)  ^=  C  \  r 

In  this  connection  there  might  be  given 
some  formulas  used  frequently  by  older  en- 
gineers for  arches,  but  we  are  today  learn- 
ing $0  much  about  the  clastic  theory  of 
the  arch  that  the  empirical  rules  of  former 
generations  must  be  ignorcil.  luiuinecrs 
of  an  earlier  generation,  remember,  had 
non-cohesive  masonry,  whereas  we  have 
masonry  of  a  superior  kind  that  can  handle 
any  sort  of  strc--^  W.  ,  luin,  its  c.f  Oiii 
generation  have  '  is  to  con- 

sider,  ami    arc    n  ■   put    into 

the    form    of    einpinc.il    tulcj.    in    a    nme- 
monic  form,  the  results  of  accumulated  ex- 


r    in   arch   building        \\  c    can    deal 
f  known  existing  forces  and  design 

' '  I'lingly. 

It  was  with  some  such  idea  in  view  that 

irtKn.-fil      in      i>r,i,-r      tI^iT      WC 
1  tl- 

cut    upon    a    comparison   with    ■  rs 

that  might,  or  might  not,  be  re...  . /t 

than   necessarily   called    for. 

Before  dipping  into  this,  however,  it  may 
be  of  some  historical  interest  to  tcU  what 
was  found  regarding  concrete  >cwers. 
Baldwin  Latham  in  1873  describes  sewers 
of  a  composite  nature  built  of  brick  and 
concrete.  He  also  telK  of  sewers  made 
of  concrete  blocks  alone,  and  of  sewers 
partly  monolithic  and  partly  of  blocks.  He 
describes  these  sewers  as  if  they  were  mat- 
ters of  common  knowledge  at  the  time 
he  writes,  yet  within  the  last  three  or  four 
years  the  United  States  Patent  Office  has 
granted  patents  for  just  such  structures. 
He  also  tells  about  examining  concrete 
sewers  that  had  been  in  use  then  for  over 
20  years,  and  which  were  in  perfect  con- 
dition. However,  he  also  sounds  a  warn- 
ing as  to  the  proper  selection  of  cement. 
This  carries  us  back  to  the  early  '50s  in 
the  last  century.  .Ml  that  Mr.  Latham  says 
sounds  very  much  like  the  enthusiastic  rec- 
ommendation of  a  concrete  crank  of  today, 
so  we  can  hardly  say  we  know  more  to- 
day about  the  possible  advantages  of  con- 
crete over  brick  than  were  known  60  years 
ago. 

Baumcister  has  little  to  say  about  the 
thickness  of  brick  sewers  and  gives  a  for- 
mula for  thickness  of  sewer  walls  that  de- 
pends entirely  upon  internal  pressure.  For 
concrete  sewers,  however,  he  gives  some 
thicknesses  in  general  use  in  Europe  for 
plain  concrete,  these  thicknesses  being  the 
result  of  many  years'  experience  in  build- 
ing such  sewers.     They  are,  averages: 

DIam..     $  Ins.;  thieknesa.  1.6  to  2.0  Ins. 

DIam..   IS  Ing.;   thl'-kti'-'!'.  ;  1  I"  5  J  ln». 

DIam..  1'4  Inn  T  Ina. 

Dl:lln..   31   Inf  ■   ln». 

DIam..  39  Irs  •    ItiK. 

DIam..   47  Ins..  tii.  kn'"^.  ■■  :   :  ■  T  !•  Inn. 

DIam..  oi  Ins:   thUkiuiw.  7»  li>  9  1  Ins. 

.\  large  number  of  examples  show  thick- 
ness to  be  from  l-tJ  to  1-7  diameter  and 
in  drains  up  to  20  ins.  diameter  up  to  1-5  d. 
The  Paris  sewers,  from  5  to  8  ft.  diameter, 
had  a  thickness  of  about  Mi  the  diameter. 
Mcssr«.  Dyckerhoff  &  Widman  (Bau- 
meister)  give  the  following  dimensions  for 
pipes  in  use,  which  they  believe  are  per- 
fectly   dimensioned : 

Iiliiin..     S  Ins.;   1'  ■   '  '  '    ■•■■< 

I'lum..   10  Ins.;   ' 

DIuin..   12  Ins.:    i 

IMuni.,   16  Ins.;    t  1. 

DIam..   20  Ins.:   t  -. 

DIam.,   24  Ins  ;    i  ■<. 

I.>lam..  31   Ins..    Kii-mi.!".      .  :•  ins 

DIam..  39  Ins..   thlckmss,   7  3   Ins 

For  sewers  under  2  ft.  in  diameter  the 
material  should  be  a  cement  mortar,  but 
for  larger  sizes  may  be  a  concrete  con- 
taining stone  or  gravel  not  exceeding  ^ 
in.   in  any  dimension. 

In  California  about  15   '  I  built 

some  concrete   sewers   in  thick- 

ness was  arbitrarily  fixed  ..^  ...■.*»;  The 
minimum  thickness  was  5  ins.  For  sew- 
ers having  a  diameter  exceeding  4  ft.  the 
thickness  in  inches  was  c<^ual  to  the  diame- 
ter in  feet  plus  one.  This  then  gave  us  a 
7-in.  wall  for  a  tjft.  sewer.  A  brick  sewer 
this  size  would  be  9  ins.  thick. 

For  reinforced  concrete  sewers  3  rule 
was  given  me  al>out  that  time  by  an  en- 
gineer whom  I  have  forgotten,  which  was 
that  the  thickness  of  the  sewer  in  inches 
could  be  equal  to  the  diameter  in  feet 
minus  half  an  inch.  The  reinforcement  to 
consist  of  bars  or  rods  having  an  area 
equal  to  1  per  cent  of  the  area  of  the  wall 
of    the    sewer    in    the    circumference    and 
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with  longitudinal  rods  or  bars  equal  in  area 
to  one-third  of  1  per  cent  of  the  ring. 
Sewers  have  been  built  in  accordance  with 
this  rule  in  many  cities.  I  have  a  hazy 
impression  that  this  rule  was  published  in 
some  technical  paper  15  or  16  years  ago, 
and  that  I  got  it  thus.  In  those  days  we 
copied  rules  for  reinforced  concrete  in  our 
notebooks,  without  investigating  their 
source. 

Earthernware  pipes  have  been  used  for 
several  centuries  for  sewers  and  the  thick- 
ness of  these  pipes  has  been  developed  by 
experience.  The  thickness  of  an  ordinary 
standard  pipe  is  generally  about  one-six- 
teenth its  diameter.  They  were  seldom 
krger  than  30  ins.  until  a  few  years  ago. 
and  experiments  made  in  England  showed 
that  in  the  early  '60s  of  the  last  century 
the  manufacturers  generally  were  supply- 
ing pipes  that  had  an  ultimate  strength  of 
from  600  lbs.  to  900  lbs.  per  sq.  in.  in 
tension  and  from  4,500  to  7,000  lbs.  per 
sq.  in.  in  compression,  the  pipes  breaking 
under  internal  pressures  of  from  80  to 
100  lbs.  per  sq.  in. 

A  few  j'ears  ago  manufacturers  com- 
menced sending  out  what  are  known  as 
"double  strength"  pipes,  principally  in  the 
larger  sizes.  In  1890  Prof.  Howe  made 
experiments  on  sewer  pipes  and  found  that 
they  generally  broke  under  a  hydrostatic 
pressure  of  100  lbs.  per  sq.  in.  and  thai 
the  tensile  strength  thus  shown  was  about 
600  lbs.  per  sq.  in.  The  largest  pipe  tested 
was  a  24-in.  pipe  and  it  was  also  found 
that  the  average  pipe  supplied  by  the  man- 
ufacturers was  capable  of  carrying  a  load 
of  2,000  lbs.  per  lin.  ft.  when  embedded 
in  sand.  Experiments  made  later  by  man- 
ufacturers on  "double  strength"  pipe  show 
that  this  heavier  pipe  will  stand  a  hydro- 
static pressure  of  practically  200  lbs.  per 
sq.   in. 

All  this  investigation  was  necessary  in 
order  to  get  back  to  some  idea  of  what 
amount  of  pressure  we  should  figure  on  to 
design  sewers  of  reinforced  concrete,  and 
yet  if  one  looks  into  the  data  he  will  find 
that  pipes  are  often  placed  in  the  ground 
at  depths  that  are  too  great,  if  we  accept 
the  published  rules  for  earth  pressure,  to- 
wit :  that  the  pressure  is  equal  to  a  column 
of  eartli  the  width  of  the  buried  structure 
and  in  height  equal  to  the  depth  of  exca- 
vation to  the  top  of  the  structure.  You 
have  all  read  the  statements  that  for  the 
tops  of  culverts  you  must  count  on  all 
the  earth  above  the  culvert  as  being  car- 
ried by  it.  ■  The  pressure  on  the  sides  of 
the  culverts  is  equal  to  one-third  the  ver- 
tical load,  and  the  bottom  reaction  is  equal 
to  the  top  pressure.  Therefore,  make  the 
bottom  of  your  culvert,  if  box  shaped,  the 
thickness  of  the  top.  In  spite  of  the  fact 
that  various  speculations  of  theorists  have 
been  published,  and  facts  have  been  given 
to  sustain  their  statements,  the  greater 
number  of  men  today  who  design  culverts 
are  using  the  foregoing  rules  and  using, 
therefore,  an  excessive  amount  of  steel, 
and,  when  this  steel  is  taken  into  account, 
an  excessive  amount  of  concrete.  Rail- 
roads for  years  used  culverts  of  wood  with 
tops  only  6  ins.  thick.  These  culverts  did 
not  give  way  until  the  wood  rotted,  so  the 
6-in.  tops  were  evidently  strong  enough 
for  all  practical  purposes. 

No  particular  pains  were  taken  with  the 
old  wooden  railroad  culverts  to  keep  the 
sides  from  caving  in,  and  these  sides  con- 
sisted of  .square  timbers  laid  one  on  top 
of  the  other.  Six  inches  square  for  three 
timbers  high,  8  ins.  square  for  five  tim- 
bers high  and  10  ins.  square  for  six  tim- 
bers high.  Sometimes  they  were  fastened 
together  by  drift  bolts,  but  very  often  they 
were  not.  There  was  an  idea  that  the 
pressure    would    hold    Ihcni    in    place.       I 


helped  put  some  in  myself  a  number  of 
years  ago  in  the  West.  The  tops  consist- 
ed of  6-in.  pieces  and  every  eighth  piece 
was  notched  down  on  to  the  sides  to  help 
hold  the  sides.  These  culverts  were  often 
built  without  any  bottom.  Standard  plans 
sent  from  the  office  called  for  cross  sills 
of  4x8  from  4  to  8  ft.  on  centers  sim- 
ply put  in  as  joists  to  carry  a  floor  2  ins. 
thick.  This  floor  was  supposed  to  be  there 
to  prevent  the  sides  from  squeezing  in,  as 
well  as  to  resist  scouring  action  when  the 
water  ran  freely.  The  floor  and  cross 
sills  were  often  omitted.  If  the  upward 
reaction  was  great  enough  to  demand  a 
bottom  as  thick  as  the  top,  then  why  did 
not  the  culverts  without  floors  sink  into 
the  earth,  and  why  did  not  the  floors  break 
when  they  were  put  in? 

A  careful  search  was  made  for  all  data 
bearing  on  the  subject  and  the  best  that 
can  be  offered  may  be  found  in  a  paper 
read  by  Mr.  Frank  A.  Barbour,  C.  E.,  be- 
fore the  Boston  Society  of  Civil  Engineers 
and  published  in  the  "Journal  of  the  Asso- 
ciation of  Engineering  Societies,"  Vol.  XIX, 
page  193.  (This  was  in  the  year  1897.) 
You  are  referred  to  the  volume  mentioned 
for  the  full  discussion,  and  I  will  give 
here  only   the  conclusions. 

The  experiments  of  Mr.  Barbour  were 
undertaken  for  the  purpose  of  preparing 
specifications  for  vitrified  sewer  pipe.  So 
many  failures  were  occurring  that  it  was 
felt  the  purchaser  should  not  leave  it  all 
to  the  manufacturer,  but  should  be  able 
to  have  pipes  furnished  in  accordance  with 
specifications  to  some  standard.  He  test- 
ed many  pipes  and  then  devised  the  fol- 
lowing formula  for  thickness,  based  on  a 
tensile  strength  of  900  lbs.  per  sq.  in.  for 
clay  and  a  compressive  strength  of  6,500 
lbs.  per  sq.  in.,  both  values  ultimate. 

/"^pressure   in   lbs.   per  linear   foot. 
?^=  thickness   in   inches. 

rf^  diameter  in  inches. 

<-  =  a    constant  =  33,000. 
then 
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The  best  specifications  today  require  that 
vitrified  ironstone  sewer  pipe  shall  be  able 
to  stand  a  crushing  load  of  3,000  lbs.  per 
lin.  ft.  on  pipe  under  12  ins.  in  diameter 
and  4.500  lbs.  per  lin.  ft.  for  pipes  exceed- 
ing  12  ins.  in  diameter. 

Having  determined  the  pressure  the  pipes 
will  stand,  it  was  necessary  to  learn  how 
much  pressure  they  might  have  to  stand, 
and  also  when  to  require  standard  and 
when  to  require  "double  thick"  pipes.  For 
this  purpose  a  trench  was  dug  and  a  plat- 
form covering  the  bottom  was  attached  to 
plungers  in  water-filled  cylinders,  so  that 
the  pressure  could  be  conveyed  to  press- 
ure gages  when  the  platform  was  loaded. 
Pains  were  taken  to  reproduce  as  nuich  as 
possible  the  conditions  existing  on  ordinary 
jobs.  Sometimes  the  trench  was  sheeted 
and  sometimes  it  was  not.  Sometimes  the 
sheeting  was  as  smooth  as  possible,  and 
at  other  times  it  had  cleats  nailed  to  it  to 
study  the  effect  of  roughness  on  the  set- 
tling of  the  fill.  While  this  series  of  ex- 
periments give  us  all  the  data  we  have 
on  the  subject  of  earth  pressures  in 
Ircnclies  and  are  insufficient,  perhaps,  un- 
til verified  by  other  experimenters,  still 
the  (lata  obtained  seem  to  accord  very  well 
with  known   facts. 

Mr.  Barbour  states  as  a  result  of  the 
experiments,  in  which  many  different  ma- 
terials were  used,  that  the  pressure  of 
earth  in  a  trench  is  a  function  of  the  co- 
hesion of  the  material,  rather  than  of  fric- 


tion on  the  sides  of  the  trench  or  of  the 
width  of  the  trench.  He  gave  a  diagram 
showing  all  the  results  plotted,  and  I 
plotted  a  curve  somewhat  below  the  av- 
erage, in  order  to  give  results  leaning  to- 
wards a  good  factor  of  safety,  and  from 
that  curve  obtained  the  following  equation 
for  depths  of  fill  from  3  ft.  to  10  ft.,  after 
which  the  percentage  of  weight  is  practical- 
ly a  constant : 
Let  p  =  pressure  in  lbs.  per  sq.  ft. 

7C'  ^weight   in   lbs.   per  cu.   ft.   of  the 

filled  material. 
d  =  depth  in  feet  of  fill  in  trench. 
For  a  6-in.  fill  the  pressure  is  89  per 
cent  of  the  weight.  For  a  1-ft.  fill  the 
pressure  is  79  per  cent  of  the  weight.  For 
a  2-ft.  fill  the  pressure  is  67  per  cent  of 
the  weight.      For  other  fills  to  10  ft. : 

""'  r  ; 1 

f-  ^,,j^[lUU-l;V.(irllO-U,J 

The  expression  within  the  parentheses 
gives  the  ratio  of  lateral  pressure  to  weight, 
and  this  becomes  a  constant  at  a  depth  of 
about  10  ft.  and  is  equal  to  37  per  cent. 

On  the  assumptions  taken  from  the  ex- 
periments cited  the  percentage  of  weight  of 
filling  transmitted  to  a  buried  structure 
will  be  the  difference  between  unity  and 
the  tangent  of  the  angle  of  repose  of  the 
material  in  the  trench  after  reaching  a 
depth    of    10    ft. 

When  the  banks  of  the  trench  were 
sloped  at  a  %  to  1  slope  and  the  trench 
filled,  the  ratio  became  a  constant  at  about 
52  per  cent  at  a  depth  of  4  ft.,  the  line 
then  being  horizontal.  This  would  lend 
some  color  to  the  theory  that  buried  struc- 
tures in  embankments  would  carry  all  the 
fill  over  them  for  any  depth. 

Ketchum,  in  his  work,  "Walls,  Bins  and 
Grain  Elevators,"  gives  the  following  ta- 
ble of  the  angles  of  repose  for  materials 
used  for  filling: 

Earth,    loam    30»  to  40° 

Sand,  dry  25°  to  35* 

Sand,    moist    30°  to  45° 

Sand,    wet    15°  to  30° 

Clav    25°  to  45° 

Gravel    30"  to  40° 

Cinder.?    25°  to  40° 

Coke    30°  to  45° 

In  addition  to  this  earth  pressure,  we 
have  to  consider  the  effect  of  moving  loads 
over  the  trench,  such  as  wagons,  street 
cars,  road  rollers,  etc.  These  loads  can 
be  taken  as  concentrated  on  some  definite 
area  on  the  middle  of  the  trench  on  top 
and  spreading  out  therefrom  in  the  form 
of  a  pyramid,  the  sides  of  which  are  in- 
clined at  an  angle  of  60°.  After  the  effect 
of  the  live  load  has  penetrated  to  a  depth 
of  10  ft.,  however,  its  effect  can  merely 
be  that  of  so  much  additional  filling  to 
that  point.  Thereafter  the  ratio  of  press- 
ure transmitted  vertically  will  be  37  per 
cent  of  the  amount  over  the  trench  at  a 
depth  of  10  ft  By  the  time  the  efifect  of 
the  live  load  has  penerated  10  ft.  the 
base  of  the  pyramid  will  be  considerably 
beyond  the  sides  of  the  trench.  Folwell 
says  that  the  effect  of  the  live  loads  is 
very  small  after  the  depth  of  the  trench 
is  twice  the  width.  By  depth  is  meant  the 
depth  to  the  top  of  the  buried  structure, 
and  it  is  meant  in  this  way  throughout  in 
this  article.  The  width  is  the  extreme 
width. 

The  side  pressures  in  nearly  all  cases 
are  comparatively  insignificant,  provided 
the  trench  has  been  well  braced  during  the 
construction  of  the  sewer,  or  if  the  work 
of  putting  in  the  sewer  was  rushed  and 
the  trenches  left  open,  for  a  short  time 
only.  We  have,  of  course,  to  consider  the 
nature  of  the  material,  but  particular  ref- 
erence is  here  made  to  ordinary  tough 
earth. 
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The  depth  to  ttliich  wc  c;»n  »ali:l>  tx 
cavatr  in  any  material  depend*  upon  the 
cohoivc  power  of  that  material.  When 
the  cohesive  (>ower  is  lo^t  the  hank  caves 
in.  by  slices  usually.  .X  crack  appears  on 
the  surface  a  *mall  <Ii^t:incc  away  from 
the  cdtte  of  the  excavalion,  vt'hich  ROcs 
di>\vn  vertically  and,  practically,  parallel 
witli  the  side  of  the  cut  until  it  meets  a 
'^  that  *larted  in  the  side  of  the  trench 
distance  down,  running  off  at  an 
aiiKl'".  the  anjjle  practically  of  internal  fric- 
tion in  the  material.  I  lie  niatcrial  slips 
in  on  this  anfjlc  instead  of  top|iliii|{  for- 
ward. The  surface  at  the  holtoin  of  the 
sliilc  is  really  curved  instead  of  straight, 
and  if  we  are  only  sensible  enoush  to  ap- 
preciate the  work  done  by  investigators, 
we  can  calculate  the  size  of  the  wedge  of 
earth  and  know  just  where  to  put  braces. 
I  would  recommend  to  all  engineers  a  care 
ful  sludy  of  a  p.iin-r  by  Prof.  Ketchum  pub- 
lished in  Vol  I.X  of  the  "Proceedings  of 
the  American  Society  of  Civil  Engineers" 
(l!Hi8)  and  reprinted  in  some  of  the  lead 
ing  technical  papers.  I'si.isKmisii-C'oN. 
TS.smNC.  Chicago,  reprinted  it  .\ugust  20. 
1908. 

The  only  pressure  that  can  come  against 
the  side  of  the  buried  structure  will  be 
that  due  to  the  small  wedge-shaped  end  of 
one  of  the  slices  of  earth  that  might  slide 
in  when  the  cohesive  power  of  the  ma- 
leri.d  is  lost.  This  pressure  wilt  not  be 
fully  exerted  if  the  trench  is  well  braced, 
or  if  it  is  well  tamped  when  refilled. 

F'or  a  circular  conduit  this  side  pressure 
is  of  little  importance,  for  if  it  is  designed 
as  an  elastic  ring  with  rcinlorcimiiit  the 
side  pressure  is  not  counted  upon.  I  f  the 
top  alone  is  arched,  then  the  pressure  is 
carried  into  the  sides  formed  to  act  as 
abutments. 

For  a  square  box  culvert,  however,  the 
pressure  at  the  middle  height  will  be 
p  =  30rf,  in  which  d  is  the  depth  in  feet 
to  that  point  and  />  is  the  pressure  per  s_q. 
ft.  The  total  pressure  on  a  vertical  strip 
1  It  wide  is  evidently  />  X  It,  where  /i^ to- 
tal height.  The  side  is  a  restrained  slab 
and  ihe  bending  moment  is 
/.V 

M  = 

7.8 
at    a    point    aliout    seven-twelfths     of     the 
height   above   the  bottom. 

.\fter  calculating  the  thickness  of  the 
siile  in  this  manner,  determine  its  thick- 
ness if  required  to  act  as  a  column  carry- 
ing the  reaction.  Then  having  found  the 
thiikness.  the  necessary  amount  of  steel 
can  be  calculated  and  placed  near  the  in- 
side face.  It  will  be  found,  usually,  that 
the  thicknAs  required  to  lake  care  of  the 
load  will  l)c  greater  than  that  due  to  press- 
ure. 

It  is  usual  in  fillet  the  corners  of  box 
culverts,  and  at  the  bottom  this  fillet  can 
extend  at  an  angle  sufficient  to  increase 
the  base  of  the  side  wall  to  lake  care  of 
the  reactiim.  Then  between  may  be  placed 
a  slab,  reinforced  or  not.  to  protect  against 
undermining. 

Pressures  being  a  function  of  the  cohe- 
sion ill  the  material,  it  follows  that  loose, 
granular  material  will  have  a  much  great- 
er effect  on  a  buried  structure  than  will 
more  soliil  material,  and  when  the  struc- 
ture is  in  a  fluid  of  course  the  pressure 
will  be  everywhere  equal. 

For  the  tievelopment  of  the  following 
formulas  reference   is  tu    '  i.    ■•  .       22, 

I'niversity   of    Illinois    I  ion, 

and  to  page  W,  Vol.  4.  01  om     ...  .i^ins 

of   Ihe    AssiM-iaiion   of   Civil   Engineers  of 
Cornell   University. 

With  a  concentrated  load  at  the  crown 
of  an  elastic  ring,  the  expression  for  heml 


iiig  iiioMKiii  .  ol   tlic   vertical  Ui 

ameter  is  M  r, 

ill  which    /'  —  I'  ■    !  load, 

r  =  n.  :  lius,     plus     half 

the  ;... ,. 

Assuming  the  length  of  the  pipe  as  unity, 
the    resisting   moment    is 

where  .j^thc   unit    stress  in   the  remotest 
fiber. 
/  =  thickness. 
When    the    thickness    is    small    compared       jackscjii,    Midi.,    inak 
with  the  diameter,  this  formula  is  approxi 
maiely    correct.       For    egg-shaped    pipes    1 
is   the  horizontal   diameter. 

Equating  the  two  moments  gives 

s  e 

=  0.318  P  T 

tj 
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llic    American    LuiitrtlL     I'lpt     Co.    of 

Chicago   is    putting    on  the    market    a   pipe 
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going  to  great  expense  I'ur  Uciidiiiti  and  fit- 
ting. 

The   Lock  Joint    PI;  .          >     ^^ 

and   the   Reinforced   ■  of 
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Whin  P  is  in  pounds  per  linear  foot 
O.lo'J/V 

f 
lt.|.iy/'r 
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Pro  lessor  Talbot  gives  .1/  =  0.1.59  Pd 
in   which  d  ^  mean  diameter  in  inches. 

M  ^  inch  pounds  per  inch  when  the 
length  is  taken  in  inches  and  is  inch  pounds 
per  linear  foot  when  the  leJigtli  is  1  ft. 
Considering  a  ring  1  in.  long  F  is  in  pounds 
per  s(|uare  inch  and  when  we  take  a  pipe 
1  ft.  long  P  is  in  pounds  per  1  in.  wide  by 
I  ft.  long.  Elementary  perhaps  but  the 
failure  to  explain  this  in  several  books  has 
led  to  some  strange  ideas. 

The  greatest  bending  moment  for  a  con- 
centrated loading  is  at  the  top  and  bottom 
of  the  ring,  the  moment  being  =  0.16  Pd, 
while  at  the  sides  it  is  =  —  0.09  Pd.  The 
steel  in  the  shell  should  be  near  the  inside 
on  the  top  and  bottom  and  near  the  outside 
on  the  sides. 

For  a  distributed  load  across  the  diam 
eter  of  the  pipe  let 
d  =  diameter  of  pipe  in  inches, 
/>  =  pressure  per  unit   area  as  above  ex- 
plained, 
M  =  bending    moment    in    unit    length    of 
pipe. 

td' 

.1/  at  bottom  and  top  =  with  steel 

IG 
towards    the    inside    of    the    shell    and    the 
same  bending  moment   at   the   sides  at   the 
greatest  horizontal  diameter,  with  the  steel 
toward  ihe  oiitsiile  of  the  shell. 

In  making  this  calculation  it  is  enough  to 
bear  in  mind  that  the  upper  half  of  the 
pipe  is  assumed  as  a  curved  beam  with  a 
span  in  inches  equal  to  the  mean  diameter. 

Reinforced  concrete  is  concrete  in  which 
steel  or  iron  is  embedded  in  such  a  manner 
that  each  material  will  properly  care  for 
the  <itrrt«e<  it  i"=  hr<t  ■ni;dified  lo  e.ire  for 
It  I.     ■  •  •       • 

wh 

COIK  t  lit      ii.lt     III'      ( jl  11  •  T  I   1 11     III     -  I  ;  1,0^     ^     I  Mil    I 

be     properly     di^poseil.       \<\     the     Ciiiled 

States     P-.!.'m     (  ItTi,  ,       I    ,~     i'-,ti'.,!     !,.      \fr 

Walter   ' 
ering    tl 

rings   01    rciniorced   eontreie   in   ilic   1 
where  the  tension  will  m-rr)]  the  in. 
strength  of  t' 
want  to  use  ' 
must  pay  Mr    1  .■ 
his   patents,   or   11 
that   the   steel   cai; 
of  the  ring.     Or 
can   have   two   riii;., 

towards   the   inner   side    and   the  other   to- 
wards the  outer  side. 


,,>-.    :hc 

ninlorccmenl  is  intended  to  provide  against 
breakage  in  handling  as  well  as  to  make 
the  pipes  strong  enough  to  do  their  work 
ill  the  trench. 

For  pipes  constructed  in  place,  that  is 
monolithic  pipes,  it  is  not  ecoivjmical  to 
use  reinforcement  until  they  exceed  4  ft.  in 
diameter.  It  is  difficult  to  place  in  a  small 
pipe  and  the  cost  will  pay  for  a  lot  of  con- 
crete. It  is  therefore  best  to  make  plain 
concrete  sewers  when  the  diameter  is  less 
than  4   It.,  provided  they  are  monolithic. 

.*\  great  industry  is  being  worked  up  all 
over  the  country  by  manufacturers  of  ma- 
chinery, in  sewer  pipe  made  in  forms  and 
put  in  place  like  vitrified  pipes  This  in  my 
mind  is  the  ideal  method  of  building  con- 
crete sewers  in  sizes  that  can  be  handled. 
The  best  workmanship  can  be  attained,  for 
we  must  say  that  a  great  many  coiKrete 
sewers  now  built  in  place  fall  far  short  of 
all  their  designers  hoped  of  them. 

For  concrete  pipes  made  in  she<ls  or  on 
the  bank  alongside  the  sewer  trench  no  re- 
inforcement is  required  up  to  18  ins.  in  di- 
ameter. 

The  thickness  for  such  pi  reen  ob- 

tained  for  one  m.aker  by  11  with 

vitrified  earthenware  pipe-  «■  kh  -laiid  an 
internal  pressure  of  I'X'  lbs.  per  sq.  in. 
The  vitrified  pipes,  however,  were  figured 
with  a  tensile  strength  of  (J<.hi  lbs.  per  sq. 
in.,  whereas  the  concrete  can  be  figured  on 
for  only  250  lbs. 

Let  /  ^  thickness  in  inches  of  shell. 
f  ^  pressure  in  pounds  per  sq.  in. 
1/  ^  diameter  in  inches. 
ihen 

=  — 

500 
The  reinforcement  will  be  in  the  middle 
of  the  shell  and  the  pipes  will  Ik-  rein- 
forced as  hollow  concrete  beams  designed 
to  be  lifted  by  a  hook  at  each  end  or  by  a 
chain  slung  around  the  mid  length.  The 
thickness   can   be   cal  any  of  the 

formulas   already   giv  •    reinforce- 

ment   placed    so    that    n    ■.•■  '  "he 

length,  thus  making  of  il  !ty 

a     plain     i-..".'.i.      !>ipe , ;     be 

strengthen!  ■.    pressure    by    reason 

of    the    rem  •    therein,    but    which, 

will  be  able  to  take  care  of  pressure  by 
means  of  the  concrete  atone.  In  such  a 
case  it  is  quite  p<^ssible  thai  the  formula 
last  given  for  thickness  of  small  plain  con- 
in 
le 

and  I> 

l<t   '  ML' !]<• 'iiii  tit    it)    ill*  Il  iM 'iinds 


I  ^  lilirc  sire 


M 


then  M  =  Sf  and  5  =  — 

/ 
The  section  modulus  of  a  hollow  nuind 
beam  is 

(rf*  -  rf.M 
=  0.008  ( ) 

f      d      ^ 

where  d  =^ 
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Having  found  the  thickness  of  the  sliell 
obtain  the  bending  moment  due  to  the 
weight  of  the  pipe  and  divide  this  by  the 
allowable  steel  fiber  stress,  for  we  cannot 
allow  anything  for  the  concrete  in  tension. 
The  section  modulus  then  obtained  is  found 
by  assuming  some  definite  thickness  of 
steel  and  assuming  it  to  be  placed  in  a 
cylinder  within  the  concrete.  This  amount 
of  steel  of  course  will  have  a  definite  cross- 
sectional  area  and  this  same  area  can  then 
be  obtained  in  the  form  of  reinforcing 
metal  of  whatever  kind  the  user  prefers. 

I  believe  that  all  large  concrete  sewers 
of  circular  section  should  be  reinforced. 
Plain  concrete  sewers  should  be  thickened 
at  the  sides  to  resist  the  thrust  from  the 
arched  top.  The  formula  of  Rankine  for 
thickness  of  crown  of  arch  can  be  used, 
but  the  top  of  it  should  go  on  a  tangent 
from  the  critical  point.  This  point  is  found 
by  a  line  drawn  from  the  center  at  an 
angle  of  60"  each  side  of  a  vertical  line 
through  the  middle  of  the  crown  and  the 
center.  The  line  of  thrust  of  the  arch 
should  be  calculated  and  the  sides  propor- 
tioned to  care  for  the  thrust.  Such  design- 
ing will  give  sewers  of  a  somewhat  differ- 
ent shape  from  those  to  which  we  are  ac- 
customed, but  in  these  days  there  is  a  con- 
stant breaking  away  from  ill  founded  prec- 
edent. 

I  am  convinced  from  studies  made  of 
many  existing  sewers  that  a  tremendous 
amount  of  reinforcement  is  being  used 
■where  it  is  not  necessary  and  a  number  of 
sewers  are  being  put  in  every  day  where 
reinforcement  is  badly  needed.  A  concrete 
sewer  is  not  so  flexible  as  a  brick  sewer. 
The  latter  by  reason  of  its  joints  can  alter 
its  shape  to  accommodate  itself  to  pres- 
sures from  unexpected  quarters  and  the  in- 
tegrity of  the  sewer  is  not  destroyed. 
There  is  a  certain  admirable  flexibility 
about  a  brick  sewer  not  possessed  by  the 
monolithic  concrete  sewer.  Concrete  is 
weak  in  tension  and  when  the  arch  is 
loaded  in  a  manner  to  produce  a  bending 
moment  cracks  will  open  up.  The  brick 
sewer  will  simply  change  shape  a  little  and 
the  alteration  may  never  be  noticed 

In  building  sewers  exceeding  4  ft.  in  di- 
ameter considerable  economy  can  be  ob- 
tained by  the  use  of  reinforcement  and 
this  economy  becomes  more  evident  as  the 
sizes  of  the  sewers  increase. 

There  are  two  points  for  consideration  in 
sewer  design  affecting  the  shape.  One  is 
the  amount  of  liquid  to  be  carried  and  the 
other  the  economic  proportions,  both  as  it 
affects  material  used  and  labor  involved, 
for  the  cost  of  forming  is  something  to  be 
reckoned  with  in  concrete  sewer  work. 
Whether  concrete  sewers  will  be  cheaper 
than  brick  sewers  is  a  point  that  can  be 
considered  only  at  the  time  the  work  is  to 
be  done  and  cannot  be  decided  hastily  It 
will  be  found  generally  that  up  to  4  or  5  ft. 
in  diameter  it  will  be  most  satisfactory  to 
liave  the  pipes  made  and  cured  alongside 
the  trench  and  put  in  place  after  thorough 
inspection  Do  not  attempt  monolithic  work 
until  convinced  it  is  the  cheaper. 


Railway  Section 


Note:  This  section  is  devoted  to  methods  and  costs  of  constructing  rail- 
ways. It  will  cover  road=bed  and  track  construction,  contractor's  plant  and 
organization,  surveying  methods  and  permanent  way  structures. 


Contrary  to  the  preliminary  reports  that 
have  been  issued,  the  cement  production  in 
the  United  States  in  the  calendar  year  1908, 
shows  an  increase  over  the  production  in 
1907.  Accordiner  to  a  preliminary  report  of 
the  production  for  the  past  two  years  was 
as  follows : 

1!)0S.  1907. 

Bbls.  Bbls. 

Portland   51.002.612  48,78.5,390 

Natural    1.621,862  2.887.700 

Puzzolan  151,451  557,252 

Total    52.775.925     52.230,342 


The  Detailed    Cost    of  Elevated  Rail- 
ways in  Brooklyn  and    New  York. 

The  following  table  gives  costs  of  build- 
ing double  track  elevated  railways  in 
Brooklyn  during  three  different  periods : 

1SS5  to     1888  to     1S92  to 
Tear.  1888.        1891.        1903. 

Miles      of      structure 

built     5.6  5.4  3.22 

Number    of    stations.  14  19  9 

Total  net  tons  iron..     19,488       16,203       10,980 

Average      net       tons 
per  mile    3,473        3,001        3,055 

Maximum     net     tons 
per    mile 3,578        3,566        3,287 

Minimum     net     tons 

per    mile 2,907         2,842         2,824 

Cost      of      iron      per 

ton     $     79.00  $     68.68  $     61.00 

Cost    of    each    foun- 
dation          187.70       140.90         93.50 

Total  cost  per  mile..   542.441     332.352     297,599 

In  e.xplanation  of  the  high  cost  of  foun- 
dations it  should  be  stated  that,  from  1885 
to  1888,  a  brick  foundation  pier  with  a 
bluestone  cap  and  cast  iron  base  was  used 
under  each  post  or  column.  During  1888 
to  1891  concrete  was  substituted  for  the 
brick,  but  the  cast  iron  base  (below  the 
street  level)  was  retained.  In  1892  and 
1893.  the  cast  iron  base  was  abandoned, 
and  the  columns  were  designed  to  rest 
directly  on  the  concrete  at  the  street  level. 

The  3.22  miles  of  structure  built  in  1892- 
1893  included  2800  ft.  of  third  and  cross- 
over tracks,  and  the  following  were  the 
average  unit  prices : 

Excavation    (per   cu.    yd.) $0.50 

Concrete   (per  cu.   yd) 7.00 

Steel    in   structure    (per   net   ton) 61.00 

Timber   (per  M.) 21.00 

Steel    rails     per    gross    ton    (85    lb.    per 

yd.) 31.00 

Labor,  laying  single  track   (per  ft.) 0.35 

The    following   gives    the    detailed    costs 

per  mile  of  structure: 

Per  mile  of 
double  track. 
200    foundations    (1,900    cu.    yds.    con- 
crete)   including    bolts $18,649 

3.055   net   tons   iron  in   place 184,423 

Double    track,    materials    and    labor. .     43,248 

Stations  38,819 

Engineering     9,934 

Miscellaneous    2,526 


Total   $297,599 

There  are  683,670  ft.  B.  M.  timber  per 
mile,  in  ties,  guard  rails,  etc.,  which,  at 
$21  per  M.,  is  equivalent  to  $14.3.57  per 
mile  for  timber. 

It  will  be  noted  that  engineering  cost 
3.35%  of  the  total,  and  that  the  average 
weight  of  steel  in  the  structure  is  1,157 
lbs.  per  lin.  ft.,  and  that  the  average  span 
length  of  the  plate  girders  is  about  53  ft. 
(Considering  merely  the  cost  of  materials 
and  labor,  a  span  of  30  ft.  would  have 
been  the  most  economical,  and  would  have 
resulted  in  a  saving  of  5%,  considering  only 
the  foundations  and  superstructure,  but 
the  longer  span  (53  ft.)  was  adopted  to 
reduce  damage  to  abutting  property. 

The  maximum  work  of  erection  in  10 
hours  was  12  spans  of  52  ft.  each,  weigh- 
ing 315  tons;  an  average  of  8  spans  per 
day  was  easily  maintained. 

In  the  track  land  prior  to  1888,  the  ties 
were  6.k8  ins.,  spaced  22  ins.  c.  to  c,  and 
the  rails  were  CO  lb.  A  6x8  in.  guard  tim- 
ber was  bolted  each  side  of  each  rail. 
In    1888,    the    ties    were    made    7x8    ins.. 


spaced  16  ins.  c.  to  c,  and  the  rails  were 
still  60  lb.  In  1892  an  85  lb.  rail  was 
adopted,  to  secure  a  longer  life  of  the 
rail  and  to  reduce  the  cutting  of  the  rails 
into  the  ties,  and  the  ties  were  spaced 
15  ins.  c.  to  c. 

The  contract  prices  for  stations  were 
about  as  follows  in  1893 : 

One  stair-  Two  stair- 
way, ways. 

Carpenter    work $3,095  $3,578 

Sheet    metal    work 1,432  926 

Painting   and    decorating..       409  540 

Plumbing    work 225  296 

Heating    apparatus 225  295 

Architectural     work 2,100  2,200 

Total    $7,467  $7,835 

These  were  ordinary  inter-track  stations. 
It  is  a  serious  economic  mistake  to  build 
two  stations  outside  of  the  tracks,  instead 
of  one  between,  as  it  doubles  not  only  the 
first  cost  but  the  cost  of  station  service 
and  maintenance.  Station  service  and 
maintenance  cost  $2,400  a  year  per  station. 

Terminal  stations,  containing  trainmen's 
rooms,  etc.,  cost  about  double  the  above. 

The  cost  of  operating  16.9  miles  of  road 
in  Brooklyn  in  1893  was  as  follows : 

Maintenance   of  way   and   structures: 
Repairs    of    track    and     struc- 
tures      $      38,316.59 

Repairs  of  stations,   shops,   etc.        13,032.29 
Other    expenses     425.30 

Total     $  51,774.18 

Maintenance  of  equipment: 

Repairs   of   locomotives $  40,317.29 

Repairs     of     cars 53.039.53 

Repairs       of      machinery       and 

tools     1.730.76 

Other   expenses 11,847..  2 

Total     $    106.935.30 

Conducting  transportation: 

Wages       of       conductors       and 

guards    $      99.343.85 

Waaes    of    engineers    and    fire- 
men            205,180.83 

Fuel    for    locomotives 246,131.53 

Oil    and    waste 6.085.92 

Water  supply 12.661.38 

Other  train   expenses  and   sup- 
plies            16,585.73 

Wages  of  station  agents,  gate- 
men,    etc 158.331.71 

Station    supplies 7,893.11 

Wages  of   flagmen,   switchmen, 

etc 25.600.48 

Other    e.\penses 67,225.84 

Total     $  845,040.38 

General  expenses: 

Salaries   of   officers   and   clerks. $  32.24i.5.t 
General     office      expenses     and 

supplies   809.30 

Stationery   and   printing ^•"t§'S^ 

Advertising    *'*!•„? 

Legal    expenses 16,5i4.05 

Damage    to    property 915.08 

Damage    to    persons 14,434.74 

Telegraph       maintenance       and 

operation     1.195.69 

Other    expenses 14,595.55 

Total     $      87.963.70 

Grand    total    operating    ex- 
penses     $1,091,713.56 

The  operating  expenses  were  56.82%  of 
the  gross  receipts. 

There  were  38,110,376  passengers  car- 
ried. 

There  were  50  stations  in  the  16.91  miles. 

There  were  76  eneines  and  2-30  cars  to 
operate  the  16.91  miles  of  elevated  road. 
This  is  equivalent  to  about  4.5  locomotives 
and  13.fi  cars  per  mile  of  road. 

In  Engineering-Contracting.  Oct.  7, 
1908,  the  cost  of  35  miles  of  double  track 
elevated  railway  built  on  Manhattan  Island 
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prior   to    1880,    \va»   Biven   as    follows   per 
mile : 

KouDiliiilunfl.      colunuis,      Miperatnic* 

tur.-    and    Irack t38S,400 

titatluiia     (O.OOO 

i    liH-oiiiullvra    at    14,000 20.000 

12    car*   at    13,300 3t.«00 

Total     tt'Ui.OOO 

It  will  be  noted  that  the  equipment  cost 
nearly  $Ou,im>i  per  mile. 

Il  the  locoiiKitivcs  and  cars  cost  the 
same  for  the  BrtKjklyn  line*,  it  will  be  seen 
that  the  cost  of  locomotive  repairs  was  13 
per  cent  of  the  first  cost,  for  that  item 
amoiinled  to  $.'>3o  per  locon\otive  during 
the  year  1(<!)3.  The  cost  of  car  repairs 
.imoiinied  to  $"J.'HJ  per  c.-ir  for  18y3,  which 
is  about   7  per  cent  of  the  first  cost. 

Our  Oct.  7.  llKif,  issue  K'ives  the  distribu- 
tion of  steel  in  the  various  parts  of  the 
Brooklyn  elevated  railways  built  in  1893, 
as  follows : 

Per  cent. 

Column!    11.5 

"rr.-ii«v<>n«<  etrJera 20.5 

'  ■iiillnnl    Rlrders    (two    tmcks) 57.0 

pUtlforms 6.0 

C: _   :;n    ■■     6.0 

Total  100.0 

It  is  also  staled  that  the  locomotives 
weiRhcd  4.".,iKXi  to  oC.OOO  lbs.,  the  wheel 
base  bciiiK   ItJ   ft. 

In  his  Report  No.  7  to  the  Public  Service 
Tomniission  for  the  First  District  of  the 
.~^tate  of  New  York,  Mr.  Bion  J.  .\rnold 
Kives  the  following  estimate  of  the  cost 
of  reproducing  one  mile  of  single  track 
elevated  railway,  exclusive  of  equipment, 
power  plants  and  electrical  conductors : 

$■2(10,000    (low)    to  $3(H},i)00    (.high). 

These  tigiires  must  be  multiplied  by  2, 
for  comparison  with  the  actual  costs  above 
given,  and  we  then  have  Mr.  .Arnold's 
estimate  of  $l"O.Oi}0  to  $CoO,000  per  mile  of 
double  track  elevated  road,  exclusive  of 
equipment.  It  is  clear  that  Mr.  .Arnold 
has  grossly  overestimated  the  present  cost 
of  reproducing  a  mile  of  double  track 
elevated  road  of  the  class  now  in  use  in 
New  York  City.  His  estimate  of  $600,- 
000  to  SiKW.OOO  per  mile  of  single  track 
subway  (exclusive  of  equipment)  is  also 
far  too  high,  as  we  shall  show  in  a  suhse- 
f)"«-nt    i'^<Me. 


The  Method  of  Appraising    the  Land 

Value    of    the  Michigan 

Railways. 

The  two  letter^  that  follow  speak  for 
themselves,  and  contain  matter  of  interest 
not  only  to  engineers  who  are  likely  to  be 
•  ngagcd  in  railway  appraisals  but  to  engi- 
neers who  may  be  called  upon  to  appraise 
real  estate  and  other  property  for  taxation 
purposes. 

Sirs : — In  'connection  with  some  of  your 
statements  relative  to  the  appraisal  of  the 
Michigan  State  Railroads  made  some  years 
ago,  you  discuss  admirably  the  element  of 
real  estate  values  and  the  methods  which 
yoi.  think  best  to  follow. 

I  gather  that  you  are  not  quite  as  famil- 
iar with  the  methods  fmally  employed  in 
this  work,  l)ccausc  they  were  so  in  keeping 
with  your  own  ideas  and  even  went  them 
one  better  that  it  is  a  pleasure  for  me  to 
call  it  to  your  attention,  knowing  that  you 
are  highly  appreciative  of  original  work  of 
this  kind,  and  will  be  pleased  to  sec  that 
this  particular  expert's  ideas  and  methods 
follow  your  own  so  very  closely  and  yet 
carried  out  with  a  little  different  method 
as  to  details:  for  precision  of  detail  and 
speed  of  accomplishment  was  oulv  possible 
to  a  very  well  defined  and  carefully  con- 
sidered method  eiitirelv  and  exclusively 
evolved  liv  Mr.  Kilwaril  .X.  Ounbar,  a 
former  West   Pointer  and  expert  engineer. 


and  well  acquainted  with  real  estate  mat- 
ters  himself   in   large   enicr|)rises. 

For  economy  of  costs  and  in  the  com- 
pleteness of  the  returns  1  think  it  is  unex- 
celled, and  has  never  been  approached  by 
any  other  equally  reliable  method,  except 
yoi.r  own :  but  all  of  them  are  nuich  the 
same  and  splendid  in  (heir  discussion  of  a 
very  diflicult  and  what  has  heretofore  been 
a  vexatious  problem  to  solve. 

I  hope  some  time  in  the  near  future  to 
have  the  great  pleasure  of  meeting  you  per- 
sonally, for  we  highly  appreciate  your 
method  of  thinking  about  a  good  many 
things. 

There  has  been  in  all  this  property  so 
much  theoretical  stuff  injected  into  it  that 
it  is  very  wearisome  to  practical  men,  and 
it  is  a  relief  to  find  some  i>nc  like  yourself 
who  has  the  courage  and  the  earnestness 
of  purpose  and  honesty  of  intention  to  say 
so.  Yours  truly, 

F.    T.    B.\RCRilKT, 

Director  of   .Vppraisal. 

Detroit,   Mich..   .Xpril   2tJ.    1909. 

My  Dear  Mr.  Barcroft : — In  compliance 
with  your  request  I  submit  herewith  a 
statement  of  the  method  by  which  the  land 
values  of  the  Michigan  Railroad  Appraisal 
were  deduced. 

L.VNU  VALl'.MION. 

The  limited  time  in  which  full  results  had 
to  be  made  known  precluded  the  general 
adoption  of  any  of  the  usual  methods  of 
land  valuation  and  for  that  reason  the  fol- 
lowing  method   was   adopted : 

Determining  the  Quantity. — The  office  in- 
spectors, as  they  were  called,  took  direct 
from  the  maps  and  other  data  of  the  rail- 
road company,  and  of  the  registers  of  deeds 
offices,  all  the  information  necessary  to  de- 
termine the  area  of  the  railroad  land 
throughout  the  state.  They  subdivided  the 
land,  in  taking  it  off  by  counties  and  also 
subdivided  it  so  the  right-of-way  between 
stations  showed  separately  from  the  right- 
of-way  and  additional  land  at  stations,  or 
at  points  where  the  density  of  population 
would  enhance  the  values  of  land  beyond 
that  of  farm  land. 

In  the  cities  the  land  was  all  divided  into 
small  blocks,  so  that  it  might  be  estimated 
either  by  square  feet  or  by  the  front  foot, 
as  might  seem  most  expedient. 

Determining  the  Quality. — .\s  the  land 
throughout  the  state  is  not  uniform  in  qual- 
ity the  railroads'  lands  were  subdivided  in- 
to 83  subdivisions — following  county  lines, 
.^nd  on  the  basis  of  its  physical  charac- 
teristics, it  was  also  subdivided  into  six 
separate  classes,  viz : 

1st.     Farm   land. 

2d.     Barren  land. 

3d.     Towns  under  50<)  population. 

4th.    Towns  under  3,000  population. 

5th.     Towns  under  IO.Oim)  population. 

6th.    Towns  over  lO.OO^i  population. 

To  determine  the  percentage  on  each 
railroad  in  each  county  of  farm  and  waste 
land  a  representative  was  sent  to  each  of 
the  railway  centers  of  the  state.  He  inter- 
viewed roadmaslers.  assistant  roadmasters. 
locomotive  engineers  and  freight  train  con- 
ductors, as  being  men  who  knew  ever*  foot 
of  the  land  over  which  the  railroad  passed 
and  from  them  secured  the  information 
which  enabled  him  to  report  on  the  per- 
centage of  waste  land  on  each  railroad  by 
counties. 

In  the  smaller  cities  and  a  few  of  the 
larger  villages  the  quality  of  land  was  de- 
termined by  our  representative  going  over 
the  land  within  the  city,  dividing  it  up 
according  to  the  use  to  which  the  various 
sections  were   put.   viz. : 

Laborers'   residence   property. 

Mechanics'   residence   property. 


High  class  residence  property. 

Manufacturing   residence  property. 

Second-class    store   property. 

First-class    store   property. 

He  al»<i  got  local  experts  to  value  each 
divisi'in.  but  this  rtaliv  falls  under  the 
next  head  which  is : 

Determining  the  I'rice. — TIi.-  ur'i.r-  .,f  ilie 
land    in    the    first    live    cl  > 

next  before  noted,  was  del.  •  i- 

ing  a  letter  of  incjuirv,  ciicl-ising  a  cird 
for  reply,  to  some  hvc  hundred  representa- 
tive citizens  of  the  slate,  taking  about  six 
from  each  county  and  choosing  these  citi- 
zens from  among  land  dealers.  Ijankers, 
county  surveyors  and  county  treasurers. 
Kach  man  selected  was  supposed  to  be 
;>eculiarly  ailapled  as  a  judge  oi  land  values 
within  his  county  and  on  the  card  enclosed 
was  requested  to  give  his  estimate  of  the 
present  value  of  an  average  acre  of  bnd 
in   his  county   in  each   of  the  five  classes. 

This  method  it  will  be  obser\'ed  assumes 
that  every  acre  of  land  of  the  same  class, 
in  a  county,  is  equally  valuable  and  that 
that  value  may  fairly  be  taken  to  be  the 
average  price  of  the  land  of  that  class  in 
that  county.  An  average  of  the  prices  by 
classes  as  given  on  the  cards  for  each 
..ounty  was  therefore  taken  as  the  present 
valuation  for  the  lirst  four  classes  and  part- 
ly for  the  fifth.  For  part  of  the  fifth  and 
all  of  the  sixth,  the  price  was  determined 
in  the  usual  manner  by  a  board  of  experts; 
going  over  every  foot  of  the  property  in 
question  and  valuing  each  piece  separately; 
lakins;  into  consideration  surrounding 
values,  both  from  selling  prices  of  ad- 
joining land  and  assessment  rolls. 

Our  method  of  accumulating  this  in- 
formation was  by  means  of  a  card  index 
hie,  of  which  I  enclose  a  sample  card.  One 
card  was  made  for  each  county  through 
which  each  railroad  passed.  It  is  evident 
therefore  that  by  applying  the  average 
prices  to  the  class  quantities,  determining 
as  hereinbefore  described,  that  each  card 
would  represent  the  total  present  market 
value  of  all  the  land  belonging  to  the  rail- 
road in  question  in  that  particular  county, 
and  the  sum  of  the  values  given  on  ill  the 
cards,  for  any  given  railroad  ( that  is  one 
card  for  each  county)  would  equal  the 
actual  present  market  value  of  all  the  land 
owned  by  that  railroad  in  the  State  of 
Michigan  and  that  the  total  of  all  the  cards 
would  equal  the  total  present  value  of  all 
the  railroad  lanils  in  the  State  of  Michigan. 

The  question  arose  in  our  minds  at  the 
outset  whether  in  addressing  five  hundred 
strangers,  nearly  all  of  whom  were  busy 
men,  we  should  get  any  considerable  num- 
ber of  replies  to  our  inquiry  and  if  we 
did,  whether  they  wouM  not  be  mere  off- 
hand guesses  rather  than  thoughtful  esti- 
mates. It  is  extremely  gratifying  to  be  able 
to  say  that  out  of  five  hundred  cards  sent 
out  less  than  fifty  have  failed  to  respond. 
In  only  one  case  was  the  failure  to  cnniply 
with  the  request  based  upon  the  plea  of 
no  compensation,  and  of  all  the  answers 
receive<l  there  is  scarcely  one  that  does 
not  bear  either  in  itself,  or  in  an  accom- 
nanying  letter,  evidence  of  the  most  pains- 
taking care.  It  was  noticed  in  many  in- 
stances that  before  making  out  his  card 
the  writer  would  correspond  with  from  five 
to  twelve  different  persons  in  his  county, 
getting  their  views  and  then  summarizing 
them  on  his  card. 

I  do  not  believe  that  had  we  gone  over 
every  acre  of  the  land  in  this  state,  with 
a  )>oard  of  inspection  and  valuation,  at 
enormous  expense,  we  would  have  arrived 
at  any  better  result  than  we  did  by  the  in- 
expensive and  expeditious  method  detailed 
above.  Yours   very   truly. 

E.    C.    DfNBAIL 
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Bridges,  Buildings  and  Foundations 


Note:  This  section  is  devoted  to  methods  and  costs  of  constructing  steel 
and  masonry  bridges  and  buildings  and  of  foundation  work  of  all  kinds.  It 
will  give  special  attention  to  erection  plant  and  tools,  falseworks  and  centers 
and  cost  data  of  all  kinds. 


Comparative  Estimates  of  Cost  of  Four 

Types  of  Culvert  for  the  Same 

Drainage  Opening.* 

The  question  of  relative  economy  in  the 
cost  of  construction  of  various  types  of 
drainage  openings  often  arises.  Below  are 
estimates  of  the  cost  of  four  types  of  con- 
struction for  the  same  drainage  opening  on 
the  Madisonville,  Hartford  &  Eastern  R. 
R..  now  under  construction  in  Western 
Kentucky.  The  unit  prices  used  in  these 
estimates  are  those  paid  by  the  railroad 
company  to  the  contractors  doing  the  con- 
struction work.  Therefore  the  cost  esti- 
mates are  on  the  basis  of  cost  to  the  rail- 
road company  having  the  work  done,  and 
not  on  the  basis  of  actual  cost  to  contrac- 
tors. 

The  general  character  of  the  surround- 
ing country  at  the  opening  in  question  is 
hilly  and  covered   with  thick  woods.     The 


"take  up"  the  greater  pressure  directly  un- 
der the  roadbed).  The  paving  for  this  cul- 
vert was  also  increased  from  a  thickness  of 
6  to  12  ins.,  and  arched  downward,  as 
shown  in  the  sketch.  Reinforcing"  of  pav- 
ing by  wire  fencing  running  from  wall  to 
wall  was  also  considered. 

The  experience  of  the  chief  engineer, 
Mr.  George  W.  Feagin,  has  been  that  cul- 
verts founded  as  this  one  fail  somewhat  in 
the  following  manner :  First,  the  building 
of  such  a  high  fill  puts  an  enormous  weight 
on  the  original  ground  surface  immediately 
beyond  each  bench  wall.  The  earth  at  this 
opening  is  of  a  rubber-like  description,  and 
the  great  stresses  imposed  on  the  earth  sur- 
face on  either  side  of  the  iill  are  trans- 
mitted somewhat  as  in  water  pressure  or 
hydraulics  where  pressure  is  equal  in  all 
directions.  In  the  failure  of  a  culvert  this 
pressure  goes  down  under  the  bench  walls 
carrying  the  weight  of  the  fill,  and  pushes 
upward   on   the  paving.     If   the   paving  is 


Fig.    1 — Concrete    Arch    Culvert. 


opening  itself  is  in  a  fill  containing  48,000 
cu.  yds.  of  material,  there  being  3:-!  ft.  of 
filling  at  the  culvert,  the  total  length  of  fill 
from  grade  point  to  grade  point  being 
about  1,000  ft.  The  water  passing  through 
the  culvert  is  normally  a  small  brook, 
which  empties  into  Rough  river  about  300 
yards  below  the  railroad  fill. 

ESTIMATE     NO.     1. 

Structure. — A  9-ft.  concrete  arch  culvert 
of  cross-section,  as  shown  by  Fig.  1.  This 
is  the  structure  that  has  been  built  by  the 
railroad  company.  The  concrete  in  the 
foundation  or  below  plan  C-D  and  in  the 
wings  and  head  walls  was  mixed  in  the 
propostion  of  1-3-6.  The  concrete  in  the 
arch  or  above  plane  C-D  was  mixed  in  the 
proportion  of  l-2%-5  in  order  to  obtain 
additional  strength  in  the  arch  wing. 

Foundation. — The  foundation  for  the 
culvert  was  not  altogether  satisfactory. 
The  soil  at  the  opening  was  underlaid  by  a 
mixed  stratum  of  dirt  and  gravel,  and  un- 
der this  ordinary  clay.  It  was  thought 
best  to  place  the  foundation  on  the  gravel 
strata  instead  of  moving  the  same  and 
greatly  increasing  the  cost  of  structure  by 
digging  to  rock  or  using  piles.  To  aid  in 
distributing  the  pressure,  an  offset  of  1  ft. 
wide  and  1  ft.  deep  was  made  on  the  out- 
side of  each  bench  wall  for  18  ft.  each  side 
of  the  center  of  the  track  (this  in  order  to 

•A  paper  by  E.  W.  Cooper  read  before  the 
Engineering  Association  of  the  South. 


not  strong  enough  it  cracks;  and  this  crack- 
ing of  the  paving  destroys  the  homogeneity 
of  the  structure  and  throws  additional 
weight  to  one  of  the  bench  walls.  This 
additional  weight  in  a  case  of  complete 
failure  causes  the  wall  to  settle,  and  there- 
by cracks  the  arch  above.  The  actual  cost 
to  the  railroad  company  of  building  the 
9-ft.  arch  of  concrete  is  as  follows: 
238  cu.   yds.   of  concrete  masonry,  at 

$8.50    $2, 023. no 

387  ton-miles   of   concrete   hauled,    at 

60c     232.20 

G56  yards-miles    of    sand    hauled,    at 

60c    393.60 

41S  cu.   yds.  of  dry  excavation  at  4rtc      167.20 


Total    $2,816.00 

Therefore  the  total  cost  to  cost  per  cubic 
yard  of  concrete  equals  $11.83.  Also  an 
additional  sum  of  probably  50  cts.  per  yard 
for  inspection  should  be  charged  to  this 
masonry.  This  inspection  charge  is  for  one 
man  in  addition  to  the  regular  residency 
force.  This  man's  time  at  the  culvert  was 
about  two  months.  The  cement  used  was 
a  Portland  cement  made  in  St.  Louis  and 
hauled  from  the  nearest  railroad  station  on 
the  Illinois  Central  R.  R.  In  calculating 
cement  and  sand  hauled,  one  mile  is  con- 
sidered free  haul.  The  total  distance  from 
the  railroad  station  to  the  culvert  is  8.4 
miles,  or  7.4  miles  pay  haul.  The  length  of 
the  culvert  from  face  to  face  of  head  wall 


is  96  ft.  The  sand  for  the  concrete  was 
also  hauled  from  the  railroad  station  8.4 
miles  distant.  All  of  this  hauling  was 
done  on  dirt  roads  during  October  and 
November,  1907,  when  the  roads  were  in 
very  bad  condition.  (The  roads  of  this 
part  of  Kentucky  are  as  bad  as  can  be 
found  anywhere.)  The  total  number  of 
sacks  of  cement  used  was  1,101.  The  sand 
used  amounted  to  89  cu.  yds.  The  item  of 
dry  excavation  was  bid  by  the  contractors 
for  all  excavations  for  pipe  and  culvert 
foundations  and  such  excavation  for  bridge 
foundations  as  would  not  be  classed  "water 
excavation."  The  work  was  done  by  a 
subcontractor  in  November  and  December, 


Fig.  2 — Reinforced  Concrete  Box  Culvert. 

1907,  under  very  bad  weather  conditions. 
The  contractor  was  not  allowed  to  lay  or 
mix  any  concrete  in  freezing  weather,  and 
was  required  to  quit  work  on  afternoons  at 
least  1%  hours  before  the  time  at  which  it 
was  estimated  the  temperature  would  reach 
the  freezing  point. 

ESTIM.\TE     NO.     2. 

Below  is  tabulated  an  estimate  of  the 
cost  of  a  4x8-ft.  reinforced  concrete  box 
culvert  for  the  same  opening  as  above : 

1.  72  cu.  yds.  of  reinforced  concrete 
(l-2>^-„/,    at    $9 $    648.00 

2.  122  cu.  yds.   of  plain  concrete  (1- 

3-6),   at  $8.50   1,037.00 

3.  IS  cu.  yds.  of  stone  pavmg  (cob- 
bles),   at    $3.50    63.00 

4.  6,560    lbs.    of    iron    in    reinforced 
concrete,    at    5c    328.00 

5.  577  yards-miles  of  sand  hauled  at 

60c    346.20 

6.  310    ton -miles    of   cement   hauled, 

at   60c    186.00 

7.  400  yds.  of  dry  excavation,  at  40c      160.00 

Total    $2,768.20 

Reinforced  concrete  in  the  above  esti- 
mate includes  all  concrete  in  the  culvert  top 
or  above  a  horizontal  plane  3%  ft.  above 
the  paving.  (See  sketch.  Fig.  2.)  Plain 
concrete  includes  all  concrete  below  this 
plane  and  in  head  walls  and  wing  walls. 
The  sand  and  cement  hauls  in  the  above 
were,  of  course,  calculated  from  the  same 
railroad  station  as  in  estimate  No.  1. 

ESTIMATE    NO.    3. 

The  structure  of  which  the  cost  is  esti- 
mated in  estimate  No.  3  is  an  ordinary 
4  X  8-ft.  box  culvert,  with  a  reinforced  top, 
as  shown  by  Fig.  3  (paving  cobblestone). 

1.  74   cu.   yds  of  reinforced  concrete 
(l-2%-5),  at  $9   $    666.00 

2.  118   cu.    yds.    of   box   culvert   ma- 
sonry, at  $6 708.00 

3.  19    cu.     yds.     of    paving    (cobble- 
stone),   at    $3.50    66.50 

4.  6,560    lbs.     of    iron     in    reinforced 
concrete,   at  5c    328.00 

5.  220  yard-miles  of  sand  hauled,  at 

60c    132.00 

6.  105   ton-miles  jof   cement   hauled, 

at   60c 63.00 

7.  400  yds.  of  dry  excavation,  at  40c      160.00 

Total    $2,123.00 
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N'o   haul    on   stone   is   esrimated    in   the 
lorcgoing  estimates,  for  the  reason  that  a 
.....   Ki..    -i.jne    for    c""'-"-.-''-     '"■!    sv  ■'!*    is 
•<>  ft    of  !'  irry 

I  at  this  \>l.  lor 

concrete  was  crushed  by  a  portable  jaw 
crusher  running  40  cu.  yds.  of  crushed 
stone  per  day. 

EsnUATt  No.  4. 
An  ordinary  double  4x4-ft.  box  culvert, 


-3  *y—^~  r  — *-  *■*•  — - 
Fig.  3 — Reinforced  Concrete  Box  Culvert. 

as  shown  by  Fig.  4,  is  the  structure  in  esti- 
mate  No.  4. 
;20  yd«.   of  box  culvert  masonry,  at 

$6     $1,320.00 

24    yds.   of  pavlnK.   at   $3.50 84.00 

100  yard-miles  of  sand  hauled,  at  60c  60.0U 
50  ton-miles  of  cement  hauled,  nt  60c  30.00 
400  yds.  of  foundation  excavation,  at 

40c     160,00 


Total 


..$1,654.00 


SUMMARY   OF   ESTIMATES. 


The  four  estimates  are  summarized  in 
table  I.  No.  1  is  the  9- ft.  concrete  arch 
culvert.  N'o.  2  is  the  4x8-ft.  reinforced 
concrete  box  culvert.  No.  3  is  the  4x8-ft. 
box  culvert,  with  reinforced  top,  and  No.  4 
is  the  4.x  4  It.  double  box  culvert. 

On  inspecting  the  above  summary,  it  is 
seen  at  once  that  the  double  box  culvert  of 
estimate  No.  4  would  have  cost  the  railroad 
company  less  than  any  of  the  other  struc- 
turts  estiniatiMi.  The  use  of  a  4x4-ft.  box 
was  continiplated.  but  abandoned  on  ac- 
count of  the  inability  to  find  suitable  cover 
stone.  The  difference  between  estimates 
No.  1  and  No.  2  is  very  small,  indicating 
that  either  structure  could  have  been  used 
in  so  far  as  regards  first  cost.  It  should 
be  noted,  however,  that   No.    1   provides  a 
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Fig.    4 — Double     Box    Culvert. 

semicircular  opening,  and,  therefore,  gives 
greater  discharging  capacity  than  No.  2,  a 
rectangular  opening.  Ther«forc,  No.  1 
would  probably  be  preferable  to  No.  2. 

Wr  now  come  to  a  comparison  between 
N'o.  I  and  N'o.  2.  .Xs  .--Iiowt;  ■•  •'  tim- 
mary   of   estimates,    N'o.   :!   i-  iper 

than  N'o.  1.    With  the  prcscs;:  .tion 

as  to  cost  of  No.  1,  there  is  not  much 
donlpt  but  that  No.  3  would  have  been 
more    <conomical    and    should    have    been 


used.     The  haul     -    '      ■  '   •'  - 

N'o.   1   was  befor' 
from  a  point  four  ..... 
opening.      It    was   coi!' 
material  at  this  point  I 

ville,  Ind.  It  was  found  alter  bcKiiiniiiii 
work  that  this  arrangement  would  have  to 
be  abandoned  on  account  of  the  "hold-up" 
tactics  resorted  to  by  the  river  men.  There- 
fore the  haul  on  sand  and  cement  was 
doubled,  and  the  cost  of  No.  1  increased 
beyond  that  of   .N'o.  3. 

In  concluding,  attention  might  be  called 
to  the  following  facts:  (1)  There  is  at 
present  a  tendancy  to  use  concrete  on  every 
occasion  where  its  use  is  at  all  permissible. 
(2)  The  haul  on  sand  and  cement  and 
stone  often  forms  a  considerate  percent- 
age of  the  cost  of  concrete.  (3)  Concrete 
cannot,  with  present  contract  prices,  com- 
pete with  box  culvert  masonry  in  localities 
where  suitable  stone  for  box  culvert  ma- 
sonry can  be  procured  wiiliin  .->  reasonable 
distance. 


LETTERS  TO  THE  EDITORS. 


The  Panama  Canal. 

Sirs :  "The  Panama  Canal"  is  the  sub- 
ject of  more  thought,  time,  money  and  con- 
versation than  any  other  subject  before 
the  .\merican  people  to-day.  NVe  hear 
everywhere  queries  such  as :  Will  it  be 
built?  Will  it  be  a  failure?  How  much 
will  it  cost  ?  How  long  before  it  is  fin- 
ished? After  walking  mile  after  mile 
through  the  hot  blazing  sun  from  Bas 
Obispo  to  Paraiso,  where  the  principal  deep 
cut  is  made,  and  watching  the  ground 
move,  I  would  unhesitatingly  say :  Yes  it 
will  be  built.  It  may  be  a  little  behind 
time,  but  it  will  be  built.  Without  a  doubt 
it  is  the  most  stupendous  undertaking  since 
this  old  world  started  whirling.  It  is  al- 
most impossible  to  convey  to  one  who  has 
not  studied  the  subject  closely  the  diffi- 
culties of  every  description  that  had  to  be 
overcome  before  the  work  of  digging  the 
canal  could  be  started.  Imagine  a  jungle 
alive  with  mosquitoes  and  insects  of  all 
kinds,  venomous  snakes,  flies,  in  fact  every- 
thing to  make  life  miserable. 

The  towns  along  the  route  even  to  Colon, 
or  Aspinwall  as  it  was  called,  a  mass  of 
mire  and  mud.  the  streets  knee  deep  in 
mud  and  filth,  no  sanitation  (the  natives 
never  heard  of  that  word  before  the  .Ameri- 
cans came)  such  was  the  condition  when 
the  French  tried  to  dig  the  canal  (and  died 
like  flies),  and  such  were  the  conditions 
when  the  Americans  took  up  the  task  of 
connecting  the  .Atlantic  with  the  Pacific. 
First  it  was  necessary  to  put  the  Isthmus 
in  a  sanitary  condition  so  that  a  white  man 
could  live  there. 

The  Sanilnry  Squads. — These  heroes  of 
the  Jungle,  deserve  as  much  p-.i-'r  n>;  the 
engineers  who  solved  the  ei 
lems.     But    with    all    these 
the    French 
of  work,  me: 
in  the  UniUii   .-^.u.  ~ 
were   working   for   a 

Whil.-    .    ^.■.,    !,-v,I    rrr.-:,' 
thr 

pen 

at  the  picscnt  lime.     It  is  belter  to  let  fu- 


.Vr.a  of 
Wiitt-rway 
No    of      iiixnlnfc. 
estimate.    S(|.  ft. 
I 
2 
3 
4 


33 
32 
32 
32 


Shape  of 


lU'k  luuk'lu 
Reelanttlc 


Totol  No. 
oil.  yd!*. 

niiif'onry 


.11 
244 


Total  cost 
uf  railroad 

company. 

$2,816.00 

2,T6S  ?n 

2.1  ':  ' 
1  •■    ■■ 


. .; ,1..    -..,.  ...-  ..,.,   foe  the 

'  heads 

)   m  an 

.'   of   this   size  there  are  always 
1    sore   heads,   but   they   are   like 
litca   uuilicring   a  fine  horse,  irritating  but 
not  fatal. 

1  will  give  a  \  ■■  :ial 

as  I  saw  it  and  .;  ^i- 

ber:     Aroi::  '    '  .......  to 

be  seen  the  of  the  A:  Jl 

no   great   \>:    ire   to   be  re. 

Conuiig  to  the  Gatun  Dam,  this  bone  of 
contention,  such  as  underground  lake,  500 
ft.  of  mud.  stratified  rock,  etc. ;  this  great 
fill  which  is  going  to  make  the  dam  is 
going  to  be  so  large  and  :ch 

material   that   its   verv    w  iie 

means  of  s   '^   --■:   -  ••  c, 

squeezing  i  '■''X 

down  the   ^i -'Y 

liar  that  has  seen  "the  dam  going  out  into 
the  sea"  sneak  into  his  hole  and  pull  the 
hole  in  after  him.  The  great  dam  will  be 
about  a  mile  long,  a  half-mile  wide  at  the 
bottom  and  about  an  eighth  mile  wide  at 
the  top :  a  young  mountain  thrown  into  a 
valley  that  the  Chagris  River  will  never 
move.  When  the  dam  is  finished,  and  the 
waters  of  the  Chagris  River  are  held  back 
there  will  be  no  sudden  rise  of  the  river  as 
there  is  now,  caused  by  the  heavy  rains 
and  creating  a  terrible  force  of  water. 
.After  the  dam  is  finished  it  will  be  like 
pouring  water  into  an  immense  tub  and  let- 
ting it  run  out  of  the  other  side  over  the 
spillway  and  thereby  losing  its  force.  When 
this  artificial  lake  is  formed  it  will  reach 
to  Bas  Obispo  and  from  there  starts  the 
Herculean  feat  of  cutting  through  a  moun- 
tain. Gold  Hill  being  the  highest  cut,  from 
the  bed  of  the  canal  to  the  top  it  being 
nearly  900  ft.  From  Bas  Obispo  to  Paraiso 
is  the  greatest  excavating,  the  rock  is  of 
such  a  nature  in  a  great  many  pbces  that 
it  requires  drilling  and  blasting,  but  the 
largest  amount  is  taken  out  by  the  Giant 
steam  shovels,  as  with  but  two  or  three 
exceptions  the  whole  Isthmus  is  volcanic 
ash,  compressed  and  of  such  a  nature  that 
it  breaks  and  slides.  The  average  person's 
conception  of  the  canal  is  a  cut  through  the 
mountain,  like  a  canyon  of  the  West,  but  in 
reality  it  is  a  ditch  at  an  angle  sn  sloping 
that    the  earth   cannot   of   its  ..-'it 

slide  toward  the  center.     Stat  'le 

top  at  Empire  it  seems  .  ' -"  le 

that  human  beings  ever  •  h 

a    mountain.      On    the    F..^.....      Us 

have  practically  been  extended  to  an  island 
for  nearly  two  miles  so  \h:,i  i;  c.i!i  be 
dredged  and  made  <1  :'s 

filling    in    from    the  rs. 

The  same  lenst'  locks  is  re- 

quired on   the    1  on  the   .At- 

lantic.     The    rocK-    it    nu-    ■  .,  •  '         is 

taken    from    Porto     Bello    eiw  •« 

down  the  coast  f-  —  «'  i --  ■"  a 

qiialitv  as  the    -  '» 

ir.-iii    rii,k    .iit'I  "tS 

.IS   the 
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do  not  know  wh.if  • 
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Warbkn  Wood. 
Wood  Drill  Works.  Patcrson,  N    J  ,  April 
16,  1909. 
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Unlicensed  Engineers  in  Missouri. 

Sirs — Noting  with  interest  the  discussion 
in  your  columns  relating  to  licensing  engi- 
neers, it  appears  to  me  that  Mr.  Tupper's 
position  (Engineering-Contracting,  April 
21,  1909)  that  engineers  employed  by  the 
public  should  be  licensed  is  the  correct  one. 

On  January  1.  1908,  a  law  went  into 
force  in  Missouri  which  requires  that  in 
each  county  the  coimty  judges, — equivalent 
to  county  commissioners  in  some  states,— 
shall  appoint  a  county  engineer,  who  shall 
have  charge  of  the  roads,  bridges,  culverts, 
etc.  He  is  to  make  a  map  and  show  on  it 
the  various  road  districts,  which  are  to  be 
in  direct  charge  of  a  foreman  under  the 
general  supervision  of  the  engineer. 

Now  as  a  rule,  the  county  judges  are 
wholly  incompetent  to  pass  on  the  qualifi- 
cations of  an  engineer.  In  more  than  one 
case  within  the  writer's  knowledge  the  ap- 
pointee is  wholly  devoid  of  any  engineering 
training;  cannot  make  a  map  that  is  intel- 
ligible; cannot  run  a  set  of  levels  over  a 
thousand  feet  of  country  road,  plat  a  pro- 
file of  same  and  put  a  grade  line  on  it ; 
cannot  properly  stake  out  work  in  the  field 
or  design  and  make  plans  of  anything  that 
anybody  could  tell  anything  about. 

The  county  engineers  are  supposed  to  be 


The  average  value  per  mile  of  the  rail- 
roads in  Texas  as  given  in  the  last  report 
of  the  State  Railroad  Commission  is  $17,- 
Olo.  The  findings  of  the  Railroad  Com- 
mission of  Washington  do  not  appear  to 
summarize  the  valuation  so  that  the  results 
are  readily  available. 

One  explanation  for  the  high  valuation 
of  railroads  in  Minnesota  is  to  be  found  in 
the  fact  that  it  contains  large  and  expen- 
sive terminals  for  two  transcontinental 
lines.  The  average  cost  of  reproduction 
given  for  seven  railroads  operating  1,225 
miles  of  main  track  in  Minnesota,  but 
which  have  no  terminals  ir>  St.  Paul,  Min- 
neapolis or  Duluth,  is  given  as  $25,398  per 
mile  when  the  right  of  way  is  valued  in 
proportioo  to  contiguous  property.  For 
every  state  which  has  large  and  expensive 
terminals  such  as  Minnesota,  Illinois  or 
New  York,  there  are  a  number  of  states 
which  have  n6ne.  In  Michigan  and  Wis- 
consin the  large  railroad  centers  handle 
chiefly  the  business  of  the  state  and  not 
that  of  a  half  dozen  states  as  in  the  case  of 
Minnesota. 

While  the  figures,  $23,500  per  mile, 
might  need  modification  in  accordance  with 
changes  in  costs  of  labor  and  material,  I 
am  still  of  the  opinion  that  the  average  of 
two   states   situated   as    are   Michigan   and 


A  Polyphase  Slide  Rule. 

A  novel  style  of  slide  rule  capable  of 
performing  a  wide  variety  of  calculations 
has  recently  been  placed  on  the  market  by 
Keuffel  &  Esser  Co.,  New  York.  The  new 
rule  is  illustrated  by  the  accompanying  cut. 
It  is  made  in  a  similar  form  to  the  ordinary 
Mannheim  slide  rule,  being  a  little  wider 
in  order  to  accommodate  an  extra  scale 
upon  the  slide.  In  addition  to  the  regular 
A,  B,  C,  D,  and  trigonometrical  scales  of 
the  ordinary  slide  rule,  the  Polyphase  has 
on  the  face  of  the  slide  an  inverted  C  scale 
between  the  B  and  C  scales,  and  on  the 
edge  of  the  rule  in  place  of  the  millime- 
ter scale  is  placed  a  scale  of  cubes. 

This  arrangement  enables  squares  and 
square  roots,  cubes  and  cube  roots  and  a 
wide  variety  of  combinations,  such  as  the 
4th,  5th,  7th  and  11th  powers  and  0th 
roots  to  be  taken  with  one  setting  of  the 
slide,  and  the  position  of  the  inverted  C 
scale  on  the  slide  enables  many  problems 
involving  three  factors  to  be  performed  at 
one  setting  also.  The  advantage  of  this 
arrangement  lies  not  alone  in  the  lessened 
time  required  to  work  an  example,  but 
also  in  the  increased  assurance  of  accuracy 
due  to  a  fewer  number  of  settings.  In  a 
circular  which   is  furnished  with  this  rule 


liiiliiiiliiiiliiiiliiiiliiiili|iili]iili| 


<hmk 


iii 


^  jMii{iiii|iiii|iiii|iiii|iiil{liip|lifii]l|){l|r|l|i|i{i|imimi|i|i|i{i|i|i||^  ^ 

cMdi1ililililMli?ililililXlilililifilililililililililm^ 
fi'**'! '^tiinliiiiBii||imlii[iliiiiliiiilmili'iiliiiiliiiiliiiil^iii|!M^ 


fe!!':i:lJ,ii!].ii!!:l|hWil?)lili|iyiMi!l!ilJiliyi!il!lli!,ul«^ 


wnni[]TinliIIpi|i^^ 

~|;iiiiilunliiiiliiii1iinltiiiliiiiliiiitiiii' 


mM 


|i|ili|iji|i|i|i|i|i|ili|i|||i|[|i|i|iWjiiiiliinj^iiii|iiiijiiii|iii|i|iiii|ji 

!!iil>ia:iiaiiiaii:lni1liniliii^a>lMtl.ii,l>i,?li>i,lm:iMiiliunilllliin? 
IiIiIiIiIiIiIiIiIiI.IiIiIiIiIiI.IJiIiIiITiIiIiIiIiIiIiIiML liliiiliflliliMililil  j^ 


^|TnTiTnTnMtlTinnm™np^  Ifwii^f^lflp^^ 


under  the  general  supervision  of  the  state 
engineer,  but  this  cannot  be  very  close  over 
115  counties,  not  to  mention  his  other 
duties. 

For  a  board  to  pass  on  their  work  ap- 
pears to  me  to  be  entirely'  impracticable ;  it 
would  frequently  cost  more  than  the  work. 
There  is  no  such  board  at  present. 

The  law  seems  to  be  a  sort  of  stagger  in 
the  right  direction,  but  in  many  cases  the 
results  will  be  very  poor  until  the  county 
engineer  is  required  to  come  up  to  some 
sort  of  standard  of  efficiency. 
Yours  truly, 

E.   K.    Blanch.\rd. 

St.  Louis,  Mo.,  April  24,  1909. 


Is  823,500  a  Fair  Average  Value  Per 
Mile  of  American  Railways? 

Sirs :  My  attention  has  been  called  to  an 
editorial  in  your  issue  of  March  31  criticiz- 
ing a  paper  which  I  wrote  some  time  ago 
for  the  Terre  Haute  Science  Club. 

It  does  not  seem  quite  fair  to  quote  two 
isolated  paragraphs  from  a  paper  without 
defining  the  terms  used.  In  my  paper  the 
term  "present  value"  was  defined  as  repre- 
senting the  cost  of  reproducing  the  physical 
properties  of  the  railroads  minus  the  de- 
preciation up  to  the  time  of  valuation. 
This  is  quite  different  from  the  commercial 
valuation.  The  latter  was  also  given  in  my 
paper. 

In  the  Minnesota  valuation  to  which  you 
refer,  two  estimates  are  given,  one  based 
upon  an  allowance  of  three  times  the  value 
of  the  land  used  for  right  of  way,  the 
other  based  upon  the  actual  value.  Also 
the  cost  of  reproduction  without  allowance 
for  depreciation  is  given  as  well  as  the 
"present  value."  The  values  vary  from  a 
maximum  of  $49,635  per  mile  of  all  main 
tracks  to  a  minimum  of  $37,461,  the  mini- 
mum value  representing  the  "present  value" 
(in  the  sense  used  in  my  paper)  and  with 
real  estate  valued  in  prooortion  to  contigu- 
ous property. 


Wisconsin  will  represent  the  average  for 
the  entire  country  better  than  either  Min- 
nesota or  Texas,  and  that  it  furnishes  the 
best  obtainable  "present  value"  per  mile  of 
railroads  in  this  country. 

Yours  very  truly, 

Frank  C.  Wagner. 
Terre  Haute,  Ind.,  April  26,  1909. 

[We  take  pleasure  in  publishing  Profes- 
sor Wagner's  reply  to  our  editorial.  In 
comment  and  answer  we  may  note  that  the 
value  per  mile  including  land  found  by  the 
Railroad  Commission  of  Washington  is 
fully  as  great  as  that  obtained  in  the  Min- 
nesota valuation.  In  respect  to  the  charge 
due  to  expensive  terminals  in  Minnesota 
mentioned  by  Professor  Wagner  it  may  be 
said  that  expensive  "terminals"  exist  in 
every  well  settled  state,  for  the  word  ter- 
minal includes  all  stations  and  yards  in  all 
cities.  Moreover,  if  we  deduct  from  the 
Minnesota  valuation  all  land  values  of  all 
roads  the  average  obtained  is  far  in  excess 
of  $25,000  per  mile.— Editors.] 


70  different  examples,  showing  a  wide  va- 
riety of  problems  involving  roots,  power.'; 
and  combinations,  illustrate  the  manifold 
uses  to  which  the  Polyphase  slide  rule  may 
be  put.  Nor,  it  is  claimed,  are  these  dif- 
ficult, as  the  arrangement  of  the  scales  is 
so  simple  that  their  relations  may  be  read- 
ily grasped  and  new  combinations  espe- 
cially applicable  to  the  particular  work  in 
hand  easily  worked  out  upon  them. 


Various  methods  of  applying  preserva- 
tives to  railroad  ties  and  telegraph  poles 
have  been  in  use  in  Europe  for  more  than 
30  years.  Published  figures  from  20  Ger- 
man telegraph  lines,  the  treated  poles  of 
which  were  set  at  various  intervals  from 
1877  to  1893,  show  that  of  those  set  in 
1877,  30  to  38  per  cent  were  still  sound 
and  in  use  after  26  years'  service.  Of  the 
poles  set  from  1891  to  1893  records  from 
five  lines  show  that  all  of  the  poles  are 
still  standing. 


An  Unsolicited  and  Much  Appreciated 

Testimonial. 

Sirs :  In  connection  with  your  two  re- 
cent issues  of  Engineering-Contracting,  I 
have  been  very  much  interested,  in  refer- 
ence to  engineering  articles  contained  there- 
in, and  wish  to  express  my  appreciation  for 
your  valuable  publication. 

Yours  truly, 

T.  W.  Whitney, 
Division  Engineer. 
New  York,  Susquehanna  &  Western  Rail- 
road  Company,    office    of    Superintendent, 
Jersey  City,  N.  J.,  May  1.  1909. 


Drainage  work  in  Texas  will  be  materi- 
ally aided  by  two  bills  that  have  just  been 
signed  by  the  governor.  One  of  these 
makes  an  appropriation  of  $50,000,  which 
will  be  increased  by  a  similar  sum  fur- 
nished by  the  federal  government,  for  a 
topographical  and  hydrographic  survey  of 
the  river  valleys  and  coastal  planes  of  the 
state,  while  the  other  provides  for  the  crea- 
tion of  levee  districts.  It  is  expected  that 
these  two  acts  will  furnish  the  necessary 
information  and  legal  machinery  for  re- 
claiming large  tracts  of  valuable  land 
which  at  present  are  but  slightly  developed, 
although    their   capabilities   are   recognized. 


The  output  of  the  two  principal  coal  pro- 
ducing departments  of  France — Pas-de- 
Calais  and  the  Nord— in  1908,  was  25,521,- 
606  tons,  an  increase  of  about  780,000  tons 
over  1907. 


The  United  States  dredge  "Clatsop," 
which  started  from  Philadelphia  December 
9.  1908,  for  a  17,000-mile  trip  around  Cape 
Horn  to  Portland,  Ore.,  reached  that  port 
April  20,  making  the  voyage  imder  her 
own  steam  in  132  days,  54  of  which  were 
spent  in  various  ports  taking  on  coal  and 
supplies. 


Mav    IJ.   I'**";. 
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ENQINEERINO-CONTRACTINQ  a  Neglected  Form  of  Advertising. 

A  Wrcklv  "Mrthoi,   «^:J  Co.!"  J..virT-.«l  \     i,.nii    "I    i.iitilixjf    ailvcrli>iin{    wliich 

(01    Uv.I    Euginccn   and    Conti<uion.  ^^.^j^^   y^   empl.-vcl   more    frequenlly   than 

-m.-H.c»  »«.«»«>  .^   .^  ^^^^,   wliich' has  none  of  ihc  acMhctic 

ENOINEEKINO    WORLD  visciousncM    of    a    bill    board    set    in    a 

i'ut.iiihcicvrry  \Vc«i[i<-.uv  ly  (;,jr   landscape,   is  a   legible   sittn  attached 

THE  MYRON  C.  Cl^RK  PlIBLIStll.NO  CO.  t,,  a  factory  or  an  industrial  plant,  where 

J55  Dcartwrn  Sireci.  Chicato  j(    ^jf,    be    read    from    railway    train*    and 

Tr^pno,,,  Harmon  .i.i  adjacent    hiRhwavs.     It    i";    MirpriMnR    how 

N.w  Yc«^  .^.u.:    1^3'  l-""  R"-  „,.,„y  „„.„ers  of  manufacl.trinK  plants  fail 

to   erect    such    sirds    and   even   more   sur- 

HALliERT  P  C.IU.liTTE  .    .  Manaowo  EorroB  prising   how   frequently    dtiriiiR    a   railway 

CHvi's   Hin^^"^**!                               „  journev    one    hears   the    questions:     Wh.it 

C   T    «nK...           }     ■     ■    AMOCUT.  Euno.,  ^,^^^    :^    ^^^^,     ^^^^^    ^^    ,^^^    ^^^^,     ^ 

MYROn'c   CLARK P.emo.kt  properly  displayed  and  worded  sign  would 

A.  B.  GILBERT   ....   Advmthiiio  Manaoih  answer  both  these  questions  and   ser\'e  to 

■ ..  „.^^^    „      .,          ,  .         ,^^  locale  the  firm  and  impress  its  product  on 

t?.oo  ;  ^1' (M">»*j)m  L'»i<Aiiiji*j.  (."ul>j..w«-  the  minds  of  hundrcas   of  persons  at   the 

r^,-l;^^;r.:«^V'^^.C^2i(^2i'^;;j  very  time  when  curiosity  is  most  active  and 

of  ;»•••<>.-  consequently  mcmor\'  is  the  most  impres- 

tJ.0Oay*ari5!u.H4,)i.,n^ini.,nolC^«^.  sion.ible.    The   sign    should    rIvc    the   firm 

$4.00  J  >«ar  lit  tssutii  10  all  oUur  toumtrus.  " 

name    the   name   of   the   town   or   citv   in 

ADVERTiSIXC  RATES  j»m  £.11  apfllsation.  "■'"";•    ""=    "•"""  .      ,        .    ,          ...          ,  ^„ 

Copy  (or   rrsular   »i  .-rT^m^  must  l>e  r«e.v«i  which   the  plant   IS  located   and   the  name 

oot  liirr  f.  .n  i                    ling  date  o(  imuf  in  character  of  the  product  manuf.ictured. 

wh;cri  i-  1  i  T  •  .1  :-j«als.       Want*    ana  

•'l-"..r  S .»:.-■  an ^     .  an  be  inserted  as  late 

ai  ruevjjy  mornmj; jj^g     Discussion    of     The    Paper    by 

Entered  a<  ««ond-cIa«  matter.  April  17.  1907.  at  the  ProfeSSOr    EbcneZCr    EmiUuS 
Potti  Othce  at  Chicago,  lUinots.  under  act  of  March 

3d.  is7». Saxifrage,  D.  Sc, 

PONTFNTS  "^'"^  dolihoralions  of  a  body  of  scientists 

and  technicians  in  formal  convocation  were 

burlesqued  a  great  manv  years  ago  by  that 

Editorial-  ^^^,p^  „f  j^^   art-Charles  Dickens.     We 

^h^'?)l:cu'^irro"J  tVapjrby^Prol*''-  have  not   re.id  the  papers  and  discussions 

fessor   Ebenezcr  Emilius   Sa.xifrage  before    the      Mudfog    .Association      for    a 

D.  Sc 3C9  rreat  many  years,  but  we  have  at  various 

CoscsETE  Section—  times  licen  reminded  of  them  when  "sitting 

Hints     for     Inspectors     of     Concrete  _  out"   a    session   of   some    technical    society 

Work    (illustrated) ■  -370  meeting  in  wait  for  that  scrap  which  would 

Composite  Brick  and  Concrete  Budd-^^^  ^^^^  practical  "copy"  for  the  engineering 

ResuhsofTestsofbeflection'ofRe-  journalist.     The  same  recollection  is  again 

inforced   Concrete   T-Beams    (illus-  ^  aroused  by  a  letter  which  we  find  in  a  re- 

trated)     373  ^.^j,,   jj^„g  „f  ..jj,p   Engineer"  of  London, 

Earth  anh  Rock  Section—  England.    This  letter  is  worth  printing  for 

Some   Methods   and   Costs  of   Revet-  ,^^.j,  reasons    not  the  lesser  of  which  is  its 

ment  and  Dam  Work,  R""-:|^:  Cbisel-  Perhaps  we  should  explain  before- 

me    and     Submarine     nrilhmr     and  .... 

CofTir   Dam   Work :    Upper   Missis-  hand,  however,  that  this  letter  is  a  portion 

sippi     River     Improvement      (illus-  _  of  a  discussion  which  is  now  being  waged 

trail  «n    ^'^  among  our  English  cotisins  of  the  cngineer- 

RoADS  AND  Streets  Section —  jpu  profession    regarding    the    unpractical 

The  Theory   of   Economic   Road   •''nd  ,„,]   „se1ess  character  of  the  papers  being 

Street  Design     ■•••••••■• x„„;'  published  bv  the  Institution  of  Civil  Engi- 

An  . Analysis  of  Traffic  on  Seven  Typi-  i"              ,,.  '                         .        j       t     „-,.,-„l 

cal  ilik'hwavs  in  .Rhode  Island 380  ncers.     We  have  no  part  and  only  gener.il 

Notes  on  Road  Maintenance  and  Re-  interest  in  this  debate,  but  we  do  give  space 

pairs    382  („  ,},p  letter  mentioned  lioth  because  of  its 

CcNERAi.  Sfction—  humor  and  because  of  the  lesson  that  it  has 

Gencrnl  Si"- -ilications   for  the  Design  jo  jeach  to  the  managing  officers  of  Ameri- 

of  I!,v.,r..|  Tank».ind  St.nnd  Pipes  3a3  technical    societies.^    Those   who  h.ive 

R^s^l!t^    ..i     ]r<u    of    Bnck    and    of  ....            ■  r         .,          i        i    .1,-, 

Tern  C'Mia  Columns                3*M  •'•"  inclination  to  inform  themselves  further 

Letters  TO  the  V.vnot.Z'.^^'.'.'.'.'.'.'.XV,  in    regard    to   the  controversy  will   find   it 

Jhr  (-,..  .  .•  ,-..11.,   I...... -,,,.„  With  outlined  more  fully  in  "Fngineering  News 

Rc\.                                                 hods  of  April  29,  in  which  the  following  letter 

of   I'.            ,                                   f''"ni  is  .nlso  printed : 

Mixer    and    Chilling    liiio    i-.irins —  Sir:    Tlie  follciwlnif  pnrtlrulnrn  of  a  rnp<"r 

Thr    Proper    Place    for    Slopping   a  „pj  (]tii<-<ifwlonii,  wlilrh  I  Iicard  In  the  Intur 

!'            Run      in     Concrelinir      l''lo.ir  part  of  biiit  yenr,  will.  P'Tlmpii,  Inlerriil  •nine 

>       -  -Amounts  of  Water  Rru'iir.-d  „f    j.„„^    p-ndera    Inklne    l>nrt    In    Uin    eorrc- 

for    DifTercnt    Mnrlar  and   €>■■  apondi-nrp   now   roIhr   on    In    your   rrthiinn«. 

Mixtures — .\    Question   of    iti.  I  went  to  lln-  mi-<-UnK  at  the  Invllntlon  of  a 

ficiency  of  HM,  EMx.  and  /i.Ui.  u,  frl<Td. 

Arch    Design.  Vou   will   ri-mi-mt^er,   no  doubt,   th*  e»t«t»- 

PnsON\LS     3S8  Ituhment  nl>oul   nine  yonra  neo  of  the  Inatl- 

CATALni.s  Worth  Having   388  «"•'<">  "t  i;nlver«il  Emtlncom.  Intended  m^ln- 

Copyright,  1900.  h\  the  Myron  C.  CInrK  PublUhlng  Co.     All  right* 
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Saxlfrase. 
Ire.  There 
there  were 


ly    10   eon»l»t    of    men    In   llie  drawlne-offlce. 

iimnuKt-ia  and  foremen.  The  Ideji  wan  tli»l 
Ih.lr  d.-nlre  for  a  hluher  nii-n«ur.-  cf  rdur*- 
il.in  inlKlit  •"•  »llniulati-d.  There  are,  1  un- 
d<-r«Iiiiid,   lU'W  about   *<>u  membera  and  »«•<>• 

I'l.iteK. 

The    lllle    of    the    imper    w«a    "An    Imiulr?' 
Ini'>   III'    A-\  irif|..tlc  Influence  of  !'.•■ 
li,'  pineiil     of     Ki 

I'l,.  ihe   nth   on    tl, 

of     Die     liUd.-.    of     HlKh-I»re|i»ure 

by     Profeisor    Kl  enex-r    Kmlllua 
I).  8e.,  of  Jn 
wn»  a  very  • 

eight  memb.iT-  ■■■  •  •'  ■■  ■  ••  i i 

The  iirenldent.  nfler  Home  imunl  routine 
bualneaii,  expreaaed  hl»  regret  Ihat  F*rof.-»»or 
SiixIfrnRe  waa  unable  to  I*  preaent.  but  the 
aeerelnry  would  now  road  the  (laper. 

It  c«n»l»ted  of  5!  page*  of  cloae  print 
lirl!>tllnK  with  formula*,  and  a«-ven  aheeta  of 
dliiRinma.  The  wrretnry  apent  al>oul  an 
hour  In  pleklnir  out  bita  of  text  which  he 
rend  and  then  «al  down. 

The  pri'jiWent  aald  that  he  felt  that  Ihe 
Siiclety  wan  to  be  heartily  coni5ratuInte«!  on 
recelvInK  auch  an  extn-nvly  valual>le  in|M-r 
from  a  man  In  so  dIatlnBluahed  a  roiUlon 
n»  ProfcuKor  .s!jixlfrai;e'i..  and  he  called  upon 
Ihe  audience  lo  accord  the  author,  with  ac- 
clamation, a  special  vote  of  llmnka.  Thia  wa» 
Blven  with  tumultuous  appl.iuae.  The  presi- 
dent then  said  that  the  meeting  was  o|>eii 
for  discussion. 

I  did  not  notice  that  there  was  any  alacrity 
manifested  by  members  In  availing  them- 
selves of  the  president's  Invitation.  After 
a  pau«"'.  however,  a  member  stood  up  In  the 
body  of  the  hall,  and  was  about  to  spj-ak 
when  the  president  Interfered  and  requested 
him  to  come  to  the  platform.  The  member 
said  It  was  unnecessary,  as  he  only  wanted 
to  ask  a  question.  After  some  wrangling, 
however,  he  went  to  the  platform,  and  then 
said  that  he  only  wish.'d  lo  ask  someone  to 
tell  him  whether  the  discussli.n  was  likely 
lo  be  over  before  the  last  Iniln  went.  No 
one  seemed  to  know,  so  he  got  off  the  plat- 
form, took  his  hat.  and  went  away. 

Another  speaker  then  rose  and  said  that 
he  felt  certain  that  a  more  valuable  paper 
could  not  possibly  be  written,  and  for  his 
own  part  he  thanked  Professor  SjixUrago 
for  It  from  the  Ixittom  of  his  heart  He  felt 
that  where  all  was  so  g.>od  It  might  seem 
hypercrlllcal.  but  It  seemed  to  him  that  the 
printer  had  misplaced  a.  bracket  on  iJages  7 
and  8.  .\t  nil  events,  there  was  an  expres- 
sion there,  and  he  found  one  bracket  on  page 
7  near  the  top  and  another  on  page  S  near 
the  bottom.  Assuming  that  the  printer  had 
not  made  a  mistokc  he  ventured  to  say  with 
gome  dimdenee  that  a  bracketed  quantity 
which  oceupled    i  might  perhaps  be 

considered    unwi  •     «"»,    however, 

only    o    matter    o.      ■, H-    "■'"'•'    "»* 

oecupy  any  more  of  the  lime  of  •  •.;. 

I, III    I .  f.ri-   Hilling  down   he   mii"  ^- 
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asking  question.'^,  tlie  answers  to  which  lie 
did  not  appear  at  tlie  moment  to  understand, 
but  he  took  them  down  in  l>is  notehools  and 
would  no  doubt  use  them  further  on.  No 
doubt  the  ignorance  of  the  Professor  might 
not  appear  at  first  sight  to  add  to  the  value 
of  the  paper:  but  it  had  already  been  pointed 
out  by  one  very  eminent  mathematician  that 
the  man  who  attacked  a  problem  with  an 
open,  Ignorant  mind  was  much  more  likely 
to  reach  a  satisfactory  solution  than  a  man 
saturated  with  that  prejudice  which  inva- 
riably resulted  from  an  intimate  acquaint- 
ance with  actual  facts. 

When  he  sat  down,  a  young  man — evi- 
dently a  student — arose.  He  said  he  wanted 
to  ask  a  question,  and.  to  save  time,  he  pro- 
ceeded to  walk  to  the  platform.  He  took 
his  hat  and  umbrella  with  him  and  a  bundle 
of  papers.  At  last  he  reached  the  platform. 
and  began,  "Mr.  President  and  gentlemen." 
He  then  referred  to  voluminous  notes,  which 
he  held  ir  his  left  hand.  After  turning  them 
over  for  an  interminable  time  an,d  dropping 
his  glasses,  he  said  that  he  was  afraid  he 
had  left  the  note  he  wanted  on  his  seat,  and 
was  going  back  for  it  when  his  neighbor 
picked  it  up,  and  it  was  passed  from  hand 
to  hand  to  him.  He  only  glanced  at  it,  and 
without  further  preface  he  said:  "The  ques- 
tion I  have  to  ask  is  simply  what  is  this 
paper  about?  I  have  not  the  least  idea.  I 
.see  a  very  full  meeting  of  the  council,  how- 
ever, and  as  they  have  read  the  paper  and 
accepted  it.  they  can,  no  doubt,  either  col- 
lectively or  individually,  tell  me  what  the 
nth  of  an  Erasmic  polar  curve  is,  and  what 
use  can  be  made  of  it  in  designing  turbine 
blades?" 

A  faint  attempt  at  applause  was  promptly 
checked.  The  president  then  said  that  as 
no  one  else  wished  to  speak,  he  would  close 
the  discussion.  Ho  had  to  apologize  in  some 
measure  for  the  paper  which  was  to  be  read 
at  their  next  meeting,  but  it  had  been  set  up 
for  some  time,  and  the  printer  wanted  the 
tj'pe.  It  was  by  no  means  of  the  value  or 
importance  of  the  paper  which  they  had  just 
had  the  good  fortune  to  hear,  being  indeed 
only  a  short  account  of  experiments  made  on 
a  new  kind  of  belting,  which  is  a  compound 
of  fine  steel  wire  and  paper.  It  could  not 
pretend  to  possess  more  than  a  practical  in- 
terest. The  members  would  find,  as  usual, 
tea.  coffee,  and  cigarettes  in  the  tea  room. 

I  have  had,  of  course,  to  condense  my  re- 
port, but  I  have  accurately  enough  given  the 
.sense  of  what  took  place  during  a  meeting 
which  lasted  from  8  o'clock  to  in  p.  m.  Every 
one   seemed   (luite  satisfied. 

April  12th.  '  W.  Standish. 


Bids  arc  to  be  asked  shortly  on  three 
additional  New  York  state  barge  canal  con- 
tracts. These  contracts,  which  have  been 
approved  by  the  State  Canal  Board,  are  as 
follows :  Contract  No.  23.  for  the  constrnc- 
tion  of  the  canal  (land  line)  from  Kings 
Bend  to  Genesee  River,  Monroe  County, 
including  construction  of  two  locks,  guard 
lock  culverts  and  other  incidental  work,  at 
an  estimated  cost  of  about  $2,000,(100. 
Length  of  contract  about  five  miles.  Con- 
tract 80,  for  construction  of  the  barge 
canal  from  Little  Falls  to  Sterling  Creek, 
a  distance  of  over  1-4  miles  (river  and  land 
line),  including  the  construction  of  lock  at 
Jacksonburg,  guard  locks  and  dams.  Ksti- 
mated  cost,  about  $2,.500,000.  Contract  No. 
42,  for  constructing  the  Erie  Canal,  from 
the  Herkimer-Oneida  county  line  to  the 
bend  just  east  of  the  Oriskney  road,  a 
,  distance  of  0  miles ;  the  %vork  including 
the  construction  of  a  lock,  two  bridges  at 
Utica  and  a  bridge  at  Whitesboro.  together 
with  culverts  and  other  structures.  Esti- 
mated cost,  over  $1,000,000. 


Concrete  and  Reinforced  Concrete  Section 


Note: — This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  cover  the  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mixing,  transportation  and  placing;  fabrication  and  placing  of  reinforcement, 
and  form  construction  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


Hints  for  Inspectors  of  Concrete  Work. 

V. 
Concreting. 

.\  decade  ago  when  dry  and  medium 
mixtures  were  almost  entirely  used,  speci- 
fications invariably  required  that  concrete 
should  be  deposited  in  uniform  horizontal 
layers  and  that  each  layer  should  be  thor- 
oughly tamped.  When  dry  and  medium 
mixtures  are  used  this  is  still  the  invariable 
rule  of  procedure.  Much  and  probably 
most  of  the  concrete  work  done  at  the 
present  time  is  done  with  very  wet  mi.x- 
tures  that  cannot  be  tamped,  and  pouring 
and  puddling  are  now  the  methods  of  plac- 
ing and  compacting  concrete.  The  filling 
still  naturally  takes  the  form  of  horizontal 
courses,  but  there  is  no  distinction  between 
individual  courses  as  is  the  case  with  sepa- 
rately tamped  layers  of  dry  concrete.  The 
pouring  is  done  at  different  points  of  the 
area  to  be  filled,  both  because  the  flow  of 
even  sloppy  concrete  is  sluggish  and  time 
is  saved  by  pouring  at  several  points,  and 
because  a  streaky  concrete  is  likely  to  re- 
sult if  flowing  from  a  single  pouring  point 
is  entirely  depended  upon  to  fill  the  forms. 
Puddling  or  slicing  take  the  place  of  tamp- 
ing and  consist  in  churning  and  cutting  the 
wet  mixture  with  rods  or  slice  bars  to 
work  out  air  bubbles,  close  up  pockets,  and 
settle  the  materials. 

Depositing  in  Buckcts.—See  that  buckets 
just  clear  the  work  when  discharged:  a 
drop  (1)  jars  the  forms  and  may  displace 
the  reinforcement  and  (2)  tends  to  pro- 
duce separation  of  the  stone  from  the  mor- 
tar. See  that  the  bucket  is  not  allowed  to 
rest  on  the  reinforcement  and  in  swinging 
does  not  accidentally  hit  the  forms  or  sta- 
ging. See  that  the  bucket  does  not  leak 
and  spill  concrete  over  the  work. 

Dcfositiny  Through  Chutes. — See  that 
segregation  or  separation  of  the  stone  from 
the  mortar  does  not  occur  in  depositing 
concrete  through  chutes.  Fear  of  segrega- 
tion causes  engineers  generally  to  object  to 
chuting  concrete  into  place.  The  inspector, 
of  course,  will  be  governed  by  the  engi- 
neer's decision  in  the  matter.  .\s  a  matter 
of  fact,  however,  concrete  can  be  deposited 
safely  through  chutes  and  prejudice  against 
the  method  is  gradually  disappearing. 

Method  of  Pouring. — See  that  the  pour- 
ing is  done  at  several  points  over  the  area 
to  be  filled  so  as  to  reduce  flowing  and 
spreading  to  a  minimum.  See  that  tlie 
pouring  is  so  regulated  that  the  rush  of  the 
semi-liquid  concrete  does  not  sweep  the  re- 
inforcement out  of  place.  See  that  shock 
due  to  too  sudden  discharge  is  avoided. 

Time  of  Pouring. — See  that  the  time 
elapsing  between  mixing  and  pouring  the 
concrete  is  well  within  the  time  of  set^  of 
the  cement.  As  a  rule  the  elapsed  time 
should  not  exceed  30  to  60  minutes;  some 
specifications  restrict  it  to  10  minutes. 

Tamping  Dry  and  Medium  Concrete. — 
See  that  the  concrete  is  deposited  in  even 
layers  not  to  exceed  fi  to  8  ins.  in  thickness 
aiid  is  thoroughly  tamped  with  tampers 
heavy   enough    to    thoroughly   compact    the 


concrete  and"  bring  a  film  of  water  to  the 
surface,  if  a  dry  mixture  is  used,  and  to 
cause  the  mass  to  quake  under  the  blow  if 
a  medium  mixture  is  used.  If  reinforced, 
see  that  the  tamping  is  done  with  particular 
care  to  get  the  concrete  around  and  into 
close  contact  with  all  reinforcing  metal  and 
so  as  not  to  displace  the  reinforcement. 

Puddling  Wet  Concrete.— See  that  the 
puddling  is  thoroughly  done  so  as  to  work 
out  air  bubbles  and  pockets  and  bring  the 
concrete  into  close  contact  with  the  rein- 
forcement at  every  point.  Sec  that  the 
poles  or  slice  bars  are  stnall  enough  to 
enter  well  into  the  spaces  between  and 
around  the  reinforcement.  See  that  care  is 
used  not  to  strike  the  reinforcement  and 
displace  it. 

Pouring  5/iit.?.— See  that  the  full  thick- 
ness of  floor  and  roof  slabs  is  poured  in 
one  continuous  operation  and  that  the  con- 
crete is  got  well  under  the  slab  reinforce- 
ment. If  possible,  slab  and  beam  should  be 
poured  in  one  continuous  operation. 

Note:  To  make  certain  that  the  bars, 
are  covered  underneath  some  engineers  re- 
quire that  a  layer  of  concrete  be  spread 
over  the  slab  centers  and  that  the  reinforc- 
ing net  or  bars  be  laid  on  top  of  it.  Where 
wire  mesh  or  expanded  metal  slab  rein- 
forcement is  used  working  the  concrete  un- 
derneath it  can  be  facilitated  by  lifting  the 
mesh  slightly  by  means  of  bars  having  a 
hook  at  one  end. 

Pouring  Beams. — See  that  beams  are 
poured  in  one  continuous  operation  from 
bottom  to  top:  that  the  concrete  is  worked 
closely  around  the  reinforcement  and  into 
corners  by  thorough  puddling;  that  the 
stone  is  worked  back  from  the  sides  to  per- 
mit the  mortar  to  flow  to  the  faces  and  give 
a  smooth  surface  when  set;  that  the  space 
between  the  bottom  of  the  mold  and  the 
bottom  reinforcing  bars  is  tightly  filled.  If 
possible  beam  and  slab  should  be  poured 
in  one  continuous  operation. 

Pouring  T-Betims.—See  that  when  beam 
and  slab  are  designed  to  act  together  as  a 
T-beam  that  both  are  poured  in  one  opera- 
tion. 

Pouring  Columns.— See  that  columns  are 
poured  well  ahead  of  the  beams;  that  the 
pouring  is  a  continuous  operation  from 
bottom  to  underside  of  supported  beam  or 
girder ;  that  the  concerte  is  freed  from  air 
bubbles  and  worked  closely  around  the  re- 
inforcement and  into  corners  by  thorough 
puddling. 

Puddling  Columns.— See  that  the  tampers 
used  in  concreting  columns  are  long  enough 
to  go  easily  between  the  outside  of  the  re- 
inforcement and  tlie  inside  of  the  form. 
See  that  the  tampers  are  handled  carefully 
so  as  not  to  strike  and  displace  the  rein- 
forcement. 

Places  for  Stopping  Concreting. — See 
that  concreting  is  stopped  for  the  night  or 
at  other  times  at  predetermined  points  and 
in  a  predetermined  manner.  If  any  unfor- 
seen  contingency  compels  concreting  to  be 
stopped  at  other  points  than  those  named 
as     permissable    use    every    precaution    in 
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,  lion. 
Sli'ffiiit/  Slabs. — Slop  ilu-  concrete  in  :i 
\rrtical  plane  al  riKlit  anKles  lo  the  >p:in 
iit!nr  (l>  at  niiiUpan.  or.  (Jl  over  the 
ceiiler  of  the  MipporiiiiK  heani  or  girder. 
\e\er    stop    the    concrete    in    a    liunzonial 
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Fig.  1 — Methods  of  Stopping  Off  Concrete 

Girders. 

plaiK     at    partly    the    height    of    the    slab : 

■1.  > -r    .t..p    the    concrete    where   the   shear 

■  ar  the  end  of  the  span  or  under 

■fd    load:    never    slope    the   joint. 

always  m.-ike  it   vertical.     (Sec    Fig.   1.) 

Sioffmij  Bi-iims  and  Girders. — Stop  the 
concrete  in  a  vertical  plane  at  rif<ht  angles 
to  the  length  of  the  heam  either  (1)  at 
mid-pan  or  CD  over  the  center  of  the  sup- 
porting column.  Never  stop  the  concrete 
on  a  horizontal  plane  at  partly  the  height 
of  llie  In-am  ;  never  stop  the  concrete  near 
the  rnils  of  beams  where  the  shear  is 
great  :  never  slope  the  joint,  always  make 
it   vertical.      (See  Fig.  -.) 

.Slufciiiii  Coluiiins. — Stop  column  at  the 
level  of  ilw  I.. ,ri,,'ii  of  the  beam  or  girder 
wliiili   II  iid  never  at  any  other 

pl.iic     lit:!  lied. 

.s/(i/'/>iiii/  Walls. — Stop  walls  in  vertical 
planes  across  the  wall  and  locale  stop,  if 
practicable,  where  expansion  joints  arc  to 
come. 

Joinimj  Sew  Concrfle  lo  Old. — Sec 
that  every  precaution  is  taken  to  secure 
good  l>ond  when  joining  fresh  concrete 
to  concrete  that  has  already  set.  The  sur- 
face of  (-iincrcii-  which  lia-  '  '  '  ha< 
a   »liin  or   I'Miing  to   wliiili  rete 

will    iioi    .idliere.       Tlii-    •.kii  re- 

moved   and    the    surface    |ir.  :  the 

new  material       Tlie   follnwiii^  arc 

employed ; 

(  1  I  Scrub  ihe  old  surface  with  wire 
brii>hes  and  tliorouubly  flush  off  all  the 
material  removed  li>  the  brush  Wa-li  the 
clean  surf.ice  with  neat  cement  grout  and 
deiHisit  the  concrete  against  the  grout  coat 
while  it  is  still  wet.  Vigorous  tamping 
of  the  fresh  concrete  against  the  joint 
greatly  improves  the  iMind.  In  place  i^f 
Using  a  wire  brush,  the  olil  surface  may  lie 
picked  all  over. 

C.M  Treat  the  surface  with  an  acid 
w.i.h    -iirli    ;i<    "Rnnjioniitc,"    which    ii.lu- 


off   the    surface   skin        Wash    all   the   acid 
off    with    plenty    of    mu-     «.ii.:     .ml    ..ih.I. 
the    fresh   concr<  ■ 
pLicr-i         The     1 1 

re"  id   b>    u.i-l  iii|{    Mitli  pure    wa- 

in :lel>     esseiilial 

(.li  "l-or  connection-  made  after  .t 
lapse  of  i\  hours  or  more,  break  back  the 
surface  concrete  to  t'irin  material  and  clean 
the  fresh  surf.'ice  with  steam,  air  bla-t 
or  forcefid  water  streams,  mi  a-  lo  ninme 
all  line.  \<«>\v  material.       Saturate   will,  Imt 

not    Ml    that    water    stands    i<ti    i' • 

or    o. i/es    from    the    material.        : 

pletelx    with    neat   cement    groui 

the  cimsistcncy  of  thin  cream,  just  liciorc 
new  concrete  is  deposited,  and  see  that  the 
latter  is  of  proper  mixture,  containing  a 
proper  pro|)«>rtion  of  mortar,  which  should 
lie  worked  against  the  joiiu  so  as  to  lie 
certain  that  no  voids  exist  in  its  vicinity." 
—  IC   P.  CiiMjdrich. 

(•I)  "For  connections  made  after  long  in- 
tervals, so  that  the  old  cement  has  set  hard, 
and  where  the  expense  of  rougli-poimifig 
the  whole  surface  is  greater  than  is  rc- 
(|uired  because  of  the  nature  of  the  ilesired 
Uind.  use  commercial  muriatic  acid,  di- 
luted with  clear  water,  1  to  ■>,  or  the  com- 
mercial Inrnding  powders,  dissolved  in  clear 
water  at  the  rate  of  ■1  lb.  of  powder  to  l<t 
gals,  of  water.  First  wet  the  old  concrete 
surface  with  so  much  water  that  a  fresh 
wetting  is  not  immediately  absorbed.  Re- 
move any  excess  of  moisture,  and  when  the 
surface  appears  as  if  commencing  to  dry 
paint  on  the  old  surface  three  successive 
coats  of  acid,  one  after  the  other.  Let 
this  remain  for  about  •'{•'  minutes,  after 
which  carefully  clean  the  surface  of  un- 
spent acid,  soluble  salts,  and  tine  material, 
with  plenty  of  water,  finally  cleaning 
with  a  steam  jet  or  air  blast  if  o!it;iinabIe. 
Just  before  the  fresh  concrete  is  to  be  de 
posited,  and  while  the  old  material  is  still 
very  damp,  apply  a  thin  coat  of  neat  cem- 
ent grout  mixed  to  the  consistency  of  thin 
cream,  just  before  the  new  concrete  is  de 
posited,  and  see  that  the  latter  is  of  proper 
mixture,  containing  a  proper  proportion  of 
mortar,  which  should  be  worked  against 
the  joint  so  as  to  be  certain  no  voids  exist 
in  this  vicinity." — E.  P.  Goodrich. 

Coiu-rt-liiiy  Connections. — See  that  par 
ticular  care  is  exercised  in  concreting  con- 
nections, such  as  the  juncture  of  a  column 
and  a  girder.  The  number  of  reinforcing 
rods  at  such  points  increases  the  liability  of 
void  spaces  among  anil  around  the  bars. 

Copimi    Construction. — See    that    copings 
for   walls   are   moliled    particularly   straight 
and  true  to  grade.      The  coping  i>  the  por 
lion   of    the    wall    on    which    any    varialimt 
from    true    alignment    shows    most    objec- 
tionably,    and     its     alignment  .   should     br 
watched   with   particular  care.      \Vh<  r.    ■' 
hoAy  of  the  wall  is   f<ir  any   reason   -; 
ly   out   of   true,   the   defect    can 
corrected  by  capping  it  with  a  -•  I 

true  coping.  The  coping  form  -i^'ui'i  m 
capable  of  aliitemeiit  indcpendentlv  of  the 
wall  form  proper. 

l-illinii  Molt  Holes. — See  that  holes  left 
in  the  wall  after  will"!' ■>""■•  l..l<.  "-■■•I 
for  wall   form  ties  at' 

well    forced   into  the  .  I 

troweled  off  lliish  with  the  wall   lace      I  he 
"|K>intiug"    imist    be    enri-fnllv    ib-ite     siner 
the  grease   front  the  !• 
walls  of  ihe  hole  maV 
mortar  lo  stick. 

Cullinii      [•inished     Concretr. — See      that 

St.  ...  .  . 

ni  ■ 

cr.  i.     i 
proper 

billot      I 


are  not  provided  for,  consent  to  cut  them 

III    il .     iiiil.I'ril   work   should  come  direct 


,/l.-f  — ^i-r      Tli;if      til.,      'irch 

\rv 

lie 

■he 

..•n 

1. 

Trann-erff  SeclioHj. — See 

•■d    in    flairs, 

-.ides  of  the 

If 

>.-k 
■I    Use 


luf 

Co 


a  icm- 
I'  r  prac 

tice   IS   to  concrete   the  c-  •»   first 

and   work    toward   Iwlh    ~  a   pair 

of  sections,  one  on  each  -Kle.  at  a  lime. 
In  arches  of  moderate  span  the  sections 
are  concreted  in  succession,  but  in  long- 
span  arches  alternate  sections  are  con- 
creted. 

Concreting  in  Lonoitudinal  Sections. — 
See   that   the   c  •    -  "'              '  !ia- 

neously  at  IkiIIi  'rd 

uniformly   and  «. ..    , v. -An. 

Filling    Over   Arches. — See    that    the    fill 

over   arches    is   not    t""    •■'    ' 'rer 

concreting.      Generall  ks 

should  elapse  after  i  „  ,     -ed 

before  any  till  is  placed  over  the  arch,  but 
conditions  sometimes  necessitate  shorten- 
ing this  time.  In  such  cases  get  definite 
instructions   from  the  engineer. 

Drainage. — See  that  inserted  pipes,  gut 
ters,  etc.,  intended  for  drainage  are  clear 
and  unobstructed.  Keep  such  channels 
plugged  or  protected  from  accidental 
choking  or  fdling  with  concrete  or  other 
material  until  they  are  linally  covered  or 
capped. 

Exfansion  Joints. — Sec  that  expansion 
joints  are  constructc<l  exactly  according 
to  the   engineer's   plans. 

\y citing  Finished  li'ort. — See  that  the 
concrete  after  the  removal  of  the  t'orms  is 
not  allowed  to  dr.v  out  too  rapidly  When 
necessary  keep  the  surface  well  wet  by 
sprinkling,  coverings  of  wet  sand,  burlap, 
etc.  The  persistence  and  amount  of  sprink- 
ling required  will  depend  on  Kxal  condi- 
tions ;  the  idea  is  to  prevent  the  water 
needed    for    hardening    the    concrete    from 
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Fig.  2 — Method*  of  Stopping  Off  Concrete 
Slab*. 
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by  filling  the  tube  with  concrete  and  keep- 
ing it  full  by  successive  additions  while  al- 
lowing the  concrete  to  flow  gradually  out 
at  the  bottom  by  raising  the  tube  slightly 
to  provide  the  necessary  opening.  See 
that  the  trcmie  is  tilled  full  before  allow- 
ing any  concrete  to  flow  out  at  the  bottom, 


ceeding  bagfuls  are  deposited.  See  that 
the  delay  between  mixing  the  concrete  and 
filling  and  depositing  the  bags  is  not  long 
enough  to  permit  the  concrete  to  have  set. 
Detecting  Wash.  —  The  existence  of 
"washing"  in  concrete  deposited  under  wa- 
ter  is  shown  by   the   rising  to  the  surface 


concrete  by  tamping.  See  that  the  rubble 
stones  are  well  joggled  or  worked  to  a 
good  bed  with  crow  bars,  and  that  ver- 
tical spaces  are  prodded  and  puddled  to 
prevent  arching  and  voids. 
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Reinforcing   Frames  for  Test   Beams. 


and  see  that  the  tremie  is  kept  full  as  long 
as  concreting  is  in  progress.  See  that 
the  tremie  is  moved  back  and  forth  so  as 
to  deposit  an  even  layer  over  the  area  to  be 
covered.  See  that  the  movement  of  the 
tremie  is  not  so  rapid  or  that  the  tremie 
is  not  raised  so  quickly  that  all  the  con- 
crete runs  out  and  is  "lost."  Every  time 
the  tremie  is  charged  anew  it  results  in 
washed  concrete  until  the  tube  is  again  full. 
A  concrete  that  is  mixed  not  quite  wet 
enough  to  be  plastic  works  best ;  if  mixed 
very  wet  the  chance  of  "losing"  the  charge 
is  increased;  if  mixed  too  dry  it  is  more 
liable   to  choke  in  the  tube. 

Depositing  in  Buckets. — Bottom  dump- 
ing buckets  with  close  covers  are  best. 
The  idea  is  to  keep  the  concrete  closed 
away  from  the  water  until  it  is  finally  in 
place.  See  that  the  bucket  is  one  which 
will  dump  close  to  the  bottom,  and  that  in 
dumping  it  is  lowered  as  close  to  the  bot- 
tom as  it  will  go.  See  that  the  bucket  is 
properly  closed  and  latched,  and  that  it  is 
lowered  vertically  to  the  bottom  as  rap- 
idly as  practicable  and  is  dumped  without 
delay.  See  that  successive  bucketfuls  are 
deposited  so  as  to  form  as  nearly  as  pos- 
sible uniform  layers  over  the  area  to  be 
covered.  Do  not  permit  isolated  piles  of 
concrete  to  be  placed. 

Depositing  in  Bugs. — Fill  the  mixed  con- 
crete into  bags  of  gunnysack  or  other  por- 
ous cloth  and  pack  the  bags  closely  into 
position.  The  bags  keep  the  cement  from 
free  wash  and  yet  when  placed  allow 
enough  cement  to  ooze  through  the  meshes 
to  cement  the  whole  mass  together.  Paper 
bags  are  sometimes  used  in  place  of  cloth 
bags,  the  paper  breaking  open  when  soaked, 
so  that  the  separate  bagfuls  are  cemented 
into  one  mass.      Sec  that  the  bags  arc  not 


of  a  milky  scum  (laitance.)  The  presence 
or  absence  of  laitance  indicates  quite  clear- 
ly the  presence  or  absence  of  "washing." 
Protection  From  Currents. — Where  there 
are  currents  a  dangerous  amount  of  wash- 
ing may  result  after  the  concrete  is  in 
place.      The  only  remedy   in   such   cases  is 


Composite    Brick     and   Concrete 

Buildings. 

One  obstacle  in  the  way  of  securing 
cheapness  in  constructing  reinforced  con- 
crete buildings  is  the  cost  of  the  forms, 
which  frequently  cannot  be  used  again. 
Mr.  F.  W.  Dean,  Mill  Engineer  and  Archi- 
tect, of  Boston,  has  recently  designed  a 
number  of  buildings  with  brick  walls  and 
reinforced  concrete  floors  and  roofs,  which 
remove  this  obstacle  and  overcome  the  ob- 
jection frequently  urged  against  the  ap- 
pearance of  reinforced  concrete  buildings 
unless  the  owners  are  prepared  to  spend 
sufficient  money  to  finish  them  up  in  an 
attractive  manner.  Unfortunately  this  is- 
not  often  done  in  buildings  of  the  man- 
ufacturing type.  By  the  use  of  brick  walls 
it  is,  however,  possible  to  obtain  the  ex- 
cellent appearance  of  brick  work,  and  to 
do  so  without  the  use  of  forms.  In  the 
buildings  designed  by  Mr.  Dean  the  con- 
crete girders  and  floor  slabs  are  connected 
to  the  brick  work  without   difficulty.     The 


Test  Beam   in  Testing  Machine. 


to  deflect  or  break  the  current  by  shields 
or  other  means,  and  the  means  adopted 
must  be  determined  for  each  case  sepa- 
rately. The  inspector  should  watch  for 
trouble  of  this  sort  and  promptly  notify 
the  engineer  when  it  appears. 

Rubble    Concrete. — See    tliat    tlie    rulible 


result  is  that  the  advantages  of  a  rein- 
forced concrete  building  are  obtained,  it  is 
claimed,  at  less  cost  and  without  any 
special  knowledge  of  concrete  for  the  walls. 
Although  the  excellence  of  concrete  wall* 
is  fully  recognized,  they  nevertheless  re- 
quire a  great  deal  of  care  in  placing  the 
concrete  so  that  it  touches  the  reinforce- 
ment everywhere  and  fills  all  of  the  spaces. 


Broken    Beam    Showing    Fractures. 


filled  too  full  to  settle  readily  and  closely 
together  when  piled  in  place.  See  that 
the  bags  are  lowered  rapidly  through  the 
water  into  place  to  reduce  the  time  of 
wash.  See  that  no  delay  occurs  in  the 
process  of  depositing  which  will  permit 
concrete  in  place  to  become  set  before  suc- 


stones  are  solidly  .-uul  cnnipktilv  iniluilded 
in  the  concrete.  When  the  rubble  stones 
are  irregular  in  shape  a  sloppy  concrete 
must  be  used  to  get  them  thoroughly  em- 
bedded; if  the  stones  have  flat  beds  they 
can  be  laid  upon  layers  of  dry  concrete  and 
have  the  vertical  interstices  filled  witli  dry 


Results  of  Tests  of  Deflection  of  Re- 
inforced Concrete  T-Beams.* 

BY    A.    B.    WHITE.f 

Figures  1  and  2  show  the  details  of  six 
reinforced  concrete  tee  beams  which  were 
tested,  when  60  days  old,  by  concentrated 
loading  at  the  one-third  points  in  an  Olsen 
100,0iH)-Ib.  universal  testing  machine.  The 
purpose  of  the  tests  was  to  determine  the 
relative  efficiency  of  two  different  types  of 
reinforcement.  As  shown  by  the  details, 
the  reinforcement  in  three  of  the  beams, 
designated  as  Nos.  I,  II  and  III,  consisted 
of  two  %-in.  square  corrugated  bars,  with 

•The.se  tests  were  made  by  Mr.  White  at 
Swarthmore  College  and  form  a  portion  of 
the  author's  graduation   thesis. 

t321   Park  Ave.,   Swarthmore.  Pa. 
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vcrlK-al  iiirrtip*  between  the  loadini;  p<niil> 
and     llic     *ii|)|>ort*.     wliile    the     rrtnf'>ri-im; 
member     in    the    other    threi 
IV,  V  and  V'l.  wa*  made  ii|i 

'  flat  »feel  bar*  I  x  Vi  in    t  mi 

:ri(j    lip    their    eiuU    to    1  'iial 

The    latter    form    ■■,     . ,  M.i..ri:c- 

a    tUKKe^tixn   which    has   been   but 

[..ntented    (Apr.    \\    r»<';»)    by    Mr. 

■  >(  New  York  City,  iis  nbjcot  l>e- 

i".-  itiy  in  Meel,  as  shown  by  the  item- 

lied  weiKhls,  together   with  the  advanlaKes 


iidi  flips 
ment    is 


counted    fur   by   (he   higher    yiehl   point   of 

the    ll.it    »(erl    hrir<,    ntid    jo'''^'    hv   thr    fnc' 

that    c<" 

was  nc 

beams    .\'■^     i,    ii    .irM    in 

other  three  Inams  the  cra< 

oped    were    nearly    all    ■    ' 

less  destructive  to  the 

The  cracks  in  the  wtl 

first   observed   at   loads  ni    . 

and   it   will  be  noticed   th.ii 

atiove  the  point  at  which  the  curiis  l><.o.>iiic 


I 


i  ^»-----f f»'-- 


r-f-^ :'"'/''] 


.4.  A-.-, 


y».  't^     V  .iV-/- 


'^^\   ;   I 


J: 


tfi^- 


/inff-Can^ 


Fig. 


1 — Details    of    Beams    I,    II    and 
.MATKKIAl^   M>I4  ii.NI-:    KK.\.MK. 


III. 


L<enKth. 

n«r  1-xl4-...| 4'  10- 

Ilar   1-xW,-...  6"     !" 

Itar  l-xi»-   ..( 7'     S- 

Stmnil  I 'Union  Wlrr.  No.  10 7'     6" 

Trmns.  Cllnlt.n  Wlr*.  No.  S  1'    0" 

^4"*  Corr.    Bam 0'    8H' 


WelKht. 
2.0« 
2.62 
6.3R 
.37 
l..i5 
1.02 


Wrl<tit  "f  ore  frame  <-<ini|>I«.|e M.O  ) 


secured  by  having  diagonal  stirrups  integral 
with  the  tensile  reinforcement. 

The  beams  were  mn<le  of  \-'l-\  stone  con- 
crete,  •''■in    cubes    showing   at   0"   days   the 
rem.irkably  high  crushing  strength  of  from 
"to  4.0i'*<l  lbs.   per   sq.   in.     The  corru- 
1    steel   bars   showed   in   tension   test    a 
yiild  point  of  41,600  lbs.  per  sq.  in.,  while 


straight  lines  and  the  slope  less  steep, 
showing  that  below  this  fioint  the  tensile 
strengtli  of  the  concrete  is  of  considerable 
importance. 

In  Table  I  are  given  data  obtained  by 
averaging  the  observations  made  on  the  six 
beams  within  the  elastic  limit.  The  com- 
puted deflections  there  given  were  obtained 


the  flat  steel  bars  showed  a  yield  point  of 
^5.4'K'>  lbs.  per  sq.  in. 

The  liehavior  of  the  beams  in  deflection 
is  shown  by  f'ig.  3  (p.  374).  It  will 
tie  oVuc-ried  that  the  deflection  cur%'es 
1"  •  '  ximately  parallel  but  that  the 
I  in  deflection  of  l)eams  N'os.  IV, 
V  an'l  \  I  is  con<iderably  higher  than  that 
of    N'os.   I,   II   and   III.     This  is  partly  ac- 


as  follows,  the  method  of  obtaining  the 
equivalent  moment  of  inertia  of  the  con- 
crete beam  being  that  proposed  by  Mr.  E. 
White  in  "Engineering  Record."  Nov.  9, 
VMi't.  fSee  KxcisF.KRiNC-CosTRACTlNr,  Apr. 
II,  lOoO,  p  2K7.>  The  theoretical  position 
of  the  neutral  a.xis  was  determined  by  the 
usual  straight  line  relation,  assuming  fi  = 
I.'i  and  neglecting  tension  in  the  concrete. 
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Fig.  2— Details  of   Beam*  IV,  V  and   VI. 
M.VTKKIAL  KOU  o.VK  KRAMK.. 
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Uis  of  el.i 

:iid    /.    th- 

ment   01    inertia  of  the   steel.  id 

al)Ove.  an   expression   for  the   •  at 

the  middle  of  the  beam  clue  to  biii.liiiK  was 
obtained  in  terms  of  the  total  applied  load. 

On     account     of     the     heavy     shearing 

stresses  in  the  end  portions  of  these  beams, 
it  was  thought  advisable  to  include  in  the 
computed  values  of  deflection  'l  ■  '■-'  ■liie 
to   vertical    shear,   which    in    i  as 

found  to  be  about  7  per  cent  ■    mI. 

This  was  obtained  by  one  integration  of 
«jr         V 
the  general  equation  —  =  —    where  V  = 

ix        aF 
vertical  shear   (^%  P  in  this  case),  a  = 
area  of  cross-section  of  beam   (==  b' ;  d). 
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greater  deflection.  The  fact  that  the  de- 
flection curves  of  these  beams  are  prac- 
tically parallel  to  those  of  the  first  three 
would  seem  to  indicate  that  the  diagonal 
stirrups  were  better  adapted,  under  the 
given  conditions,  to  resist  failure  in  the 
web  and  consequently  to  preserve  the  stiff- 
ness of  the  beam  than  were  the  vertical 
stirrups. 

For  the  lower  loads,  the  theoretical  de- 
flections will  agree  more  closely  with  the 
observed  values  if  the  tensile  strength  of 
the  concrete  be  considered  in  finding  the 
deflection  due  to  bending.  This  may  be 
done  by  substituting  £c  and  /■■  +  n  /»  in 
the  equation  of  the  elastic  curve  instead  of 
£s  and  h.  as  explained  above,  symbols  be- 
ing defined  in  Fig.  4.  For  practical  pur- 
poses, however,  the  method  first  outlined, 
namely  considering  the  moment  of  inertia 
of  the  steel  only  and  neglecting  tension  171 
the  concrete  should  give  quite  closely  the 
deflection  to  be  expected  in  concrete  beams 


Earth  and  Rock  Section 


Note:  This  Section  is  devoted  to  methods  and  costs  of  excavating  earth  and 
rock  and  buildin,-;  embankments.  It  will  cover  the  grading  of  roads  and  rail- 
roads, diking  and  canal  work,  dredging,  building  reservoirs  and  earth  dams, 
sewer  and  water  pipe  trenching,  quarrying,  etc. 


Some  Methods  and  Costs  of  Revetment 
and  Dam  Work,  Rock  Chiseling 
and  Submarine    Drilling  and 
of  Cofferdam  Work ;  Up- 
per Mississippi  River 
Improvement. 

The  works  constructed  in  the  upper  Mis- 
sissippi  River  afford   excellent   illustrations 


f  the   successful  solution  of  many   of  the 


000 


Fig.    3 — Diagram     Showing    Deflection    of      Concrete    Beams. 
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up   to 


working  loads  or  higher  test  loads 
the  elastic  limit  of  the  beam.  The 
consideration  of  the  deflection  due  to  ver- 
tical shear  will  rarely  be  necessary  in  cases 
arising  in  practice. 


The  grand  total  of  excavation  on  the 
Isthmian  Canal  for  the  month  of  March 
was  4.002.(i:H  cu.  yds.,  of  which  2.3H9.0.33 
cu.  yds.  were  removed  by  steam  shovels. 
1,695,342  cu.  yds.  by  dredges  and  28,2.j7  cu. 
yds.  by  hand  and  scraper. 


l;roblenis  that  arise  in  the  improvement 
of  non-tidal  rivers.  The  obstacles  at  the 
Des  Moines  Rapids  have  been  surmounted 
by  a  lateral  canal.  At  the  Rock  Isl;nid 
Rapids  a  channel  has  been  excavated 
through  the  rock  composing  tlie  bed  of  the 
river  and  the  slopes  modified  by  submerged 
dams  and  wing  dams,  as  effectively  as  m 
the    celebrated    improvement    of    the    Iron 


♦Condensed  from  a  p.ipei"  by  C.  MeD. 
Townsend.  I^ieutenant  Colonel.  Corps  of  En- 
gineers. TI.  S.  K..  presented  to  the  Western 
Societv  of  Engineers.  Nov,  4.  1008. 


Gate  on  the  Danube.  The  stretch  of  river 
from  St,  Paul  to  Lake  Pepin  is  an  example 
of  as  successful  a  regulation  of  a  river  by 
wing  dams  and  bank  revetments  as  can  be 
found  on  any  river  in  Europe.  Levees  have 
lieen  constructed  which  protect  from  over- 
flow 220,000  acres  of  alluvial  bottom  lands, 
and  harbors  of  refuge  from  ice  and  storms 
have  been  built. 

The  work  on  the  L'pper  Mississippi  Riv- 
er described  in  this  paper  extends  from  the 
Omaha  bridge  at  St.  Paul,  Minn.,  to  the 
mouth  of  the  Missouri  River  a  distance  of 
about  658  miles.  At  St,  Paul  the  river 
drains  an  area  of  about  32,000  square  miles 
and  has  an  extreme  low  water  discharge 
during  the  season  of  navigation  of  about 
2,000  cu,  ft,  per  second.  The  extreme  flood 
lieight  recorded,  that  of  1850,  is  1!),7  ft. 
above  datum — the  low  water  of  1864,  and 
20,0  ft.  above  the  low  water  of  1894,  the 
lowest  recorded  stage  that  has  occurred 
when  the  river  was  not  frozen  over.  The 
discharge  of  the  river  has  been  measured  at 
a  gage  hei.ght  of  17,5  ft,  and  found  to  be 
about  85,000   cu.   ft.   per   second, 

E,\NK    REVETMENT, 

The  works  of  improvement,  consisting 
of  bank  revetment,  wing  dams,  closing- 
dams  and  longitudinal  dikes,  are  generally 
constructed  of  ]jrush  and  rock.  The  bank 
revetment  consists,  below  the  water  surfacr 
at  the  time  of  construction,  of  a  mattres- 
of  brush  fascines  sunk  in  place  by  rip  rap 
rock :  above  low  water  line,  of  a  rip  rap 
of  0  to  12  ins.  of  rock.  The  width  of 
1;rush  mattresses  varies  from  20  to  <)0  ft., 
being  affected  by  the  stage  of  river  at  time 
of  construction,  and  the  depth  of  water. 
The  fascines  are  preferably  made  of  willow 
l:rush.  which  is  found  in  large  quantities  on 
the  islands  and  sand  bars  in  the  river,  but 
where  there  is  a  local  scarcity  of  willows, 
the  use  of  other  varieties  of  wood  sufii- 
ciently  straight  to  be  bound  into  fascines 
lias  been  allowed.  Recent  specifications  re- 
quire that  fascines  shall  be  made  of  live 
brush  sufficiently  trimmed  and  choked  to 
form  a  compact  mass  20  ft.  long  and  from 
12  to  15  ins.  in  diameter,  and  tied  with 
bands  of  lath  varn  or  wire  not  luore  than 
4  ft,  apart.  When  made  into  mats  they  are 
closely  packed  and  secured  at  distances  of 
8  to  12  ft.  by  pairs  of  binding  poles  joined 
Iiy  ties  of  lath  yarn  or  wire  about  2  ft. 
apart.  The  fascines  are  laid  with  their 
butts  pointed  down  stream.  The  early 
practice  was  to  lay  the  fascines  at  right 
•  ingles  to  the  shore  line,  butts  to  tlie  bank, 
Init  in  this  position  on  steep  banks  there 
was  found  a  tendency  of  the  stone  covering 
to  slip. 

The  mattresses  are  constructed  on  small 
flats  having  inclined  ways  upon  thern. 
wliich  arc  locally  known  as  "grasshoppers.'' 
The  grasshopper  (Fig.  U  is  a  small  boat, 
the  hull  of  which  is  about  2  ft.  deep,  14  to 
22  ft,  in  width,  and  32  to  40  ft.  in  length. 
On  this  hull  are  placed  ways  or  skids  run- 
ning fore  and  aft.  usually  4  or  5  pieces  of 
scantling  rounded  and  smoothed  on  the 
upper  side.  They  are  given  an  angle  of 
al-out  30°  with  the  water  surface,  to  facili- 
tate launching  the  mat,  and  extend  over 
the  forward  end  nearly  to  the  water  sur- 
face. When  a  length  of  mat  equal  to  the 
length  of  the  ways  has  been  constructed, 
the  .grasshopper  is  dropped  down  the  river 
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a  ilisiaiicc  of  about  •»  <t  .  a  ci>rrt.->|MiiiiliiiK 
IriiKth  (if  the  niattrcs.<  sluhiic  into  the 
water,  anil  aimlhrr  row  nf  faMiiicN  i>  then 
a<l<lr<l.  la|i|>iMK  the  prcccihnu  r"iw  from  4 
III  IM  ft.     In  lhi%  manner  a  <  mat 

t^e^^   IN  omNtructid   ahmK  10   1h 

■  -    ■     ■   i|       It    has   iK-en    liniini    .uni-.ilile   t<i 
^lnall  liintlinK  |Mile>.  Ik  Koe  ^rralir 

.r.\   III  the  mat.     In  snme  iiortnuis  nl 

the  river  three  or  four  niMMl-si/eil  v^iMow 
hru>h  are  Milisliltitcil  fur  the  hiniluiR  (xile, 
with  ailvantaf^eniis  results.  The  necessity 
of  llexihility  in  the  mat  is  nut  only  to  pre- 
vent rupture  while  sinkiuf;,  hut  it  is  fouiul 
that  as  sunn  as  the  mat  is  in  place  the  river 
currents  priNliice  a  scour  at  the  tor  nf  the 
mat,  anil  unless  it  is  sufficienlly  lU'\iltle  l>i 
conform  to  this  scour,  it  is  undermined 
and  slips  farther  into  the   river,  pnxlucinK 
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Fig.    1 — "Grasshopper"    for    Making    Mat- 
tresses. 


a  break  in  the  revetment  at  the   water  sur- 
face 

The  upper  lank  is  graded  to  a  slope  of 
from  I  iin  iMi  to  l.on  3  licfore  the  rip  rap 
is  placeil.  In  the  upper  ptirlions  nf  the 
river,  where  the  lianks  are  low.  the  work 
is  done  by  manual  labor.  In  the  vicinity 
of  the  mniith  of  the  Missouri,  where  tl'e 
hanks  are  higher  and  mure  sandy,  economir 
results  have  liecn  oblaineil  bv  the  use  of 
a  drag  scraper  operated  by  tlie  steam  en- 
gine on  a  pile-driver  It  has  been  the  prac- 
tice on  certain  portions  of  the  river  to  sink 
the  maltres>  mie  season  and  albiw  the  river 
itself  to  grade  the  upper  liaiik  iluring  the 
next  tliKid.  and  complete  the  work  another 
season.  This  method  of  procedure  is  eco- 
nomical, provided  the  completion  of  the 
work  lie  not   Um  long  delayed 

Wing  dams   (Fig.  J)   are  cniisiriiclrd  for 
the  piirpiiM-  nf  contracting  the  width  nf  ihr 
river  al   l"w   stages       It   was  nriv'""-    '■''■■ 
posed  to  cnnslrncl   the  d.ims   in 
«itli   tti.    iir.i.  li.  ,    .,11   (Kriiian   n 

'ing,  giving  iheni  an  m 
11,  in  straight  reaches  oi 
lo-'i  llii  .  nil  tniicavc  lanks,  100°  |i>2.'i". 
and  on  convex  hanks,  W-lmi',  and  sn  lo- 
cate them  that  their  axi-s  iiitersecl  in  ihi' 
middle  nf  the  cbaiiiiel  I  hr\  mrr  in  ).<■ 
spaced  al  -'»-"  nf  chaiiii''  •  '•'  •.  '•  ■■■''• 
reaches,    iiiu--half    ihi 


concave    Iwiik- 
width    of    lb' 
this  plan  ha- 
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spacing    lit     ' 
econnini' 

U     to 

Is      |1 

which  tl 
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a  single  layer  ••■  bnisli 
three  sets  of  binding  p 

A  nil 
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entire  length  ol  the  dam.  In  prevent  scour 
during  the  process  of  construction  and  to 
serve  as  an  a{>ron  to  receive  the  tlow  over 
the  ilani.  This  is  covered  with  a  layer  of 
rip  rap  nn-k  al>out  (i  ins.  thick  on  the 
itpper  side  and  I  ft.  to  18  ins.  on  the  lower 
side.  A  secnnd  mat  is  sunk  nn  this  rip  rap 
from  III  tn  l.'i  ft.  further  up  stream  and 
covered  with  siune  Adilitional  mats  are 
similarly  placed  and  covered  until  the  rc- 
i|uired  grade  is  attained,  each  mat  lieiii^ 
placed  ''  ft  further  up  stream  than  the  one 
immediately  below  it.  In  tilling  deep  holes 
the  use  of  inulliple  mats  is  permitted,  i.  e., 
mats  composed  of  several  layers  of  fascines. 
To  prevent  the  erosion  of  the  bank,  it  is 
revetted  'St  to  ."iO  ft.  above  and  alMiut  ."1" 
In  ".'i  ft.  below  the  poiiii  where  the  dam 
abuts  against   it. 

In  dam  construction  a  building  lioat  is 
re(|uired.  The  building  boal  (  I'ig.  3)  is 
held  in  position  by  lines  e.Mendiiig  to  an- 
chors, ai'chnr  mats,  or  piles,  previously  put 
in  position,  and  a  barge  of  t.rusli  placed 
along  its  upper  side.  A  barge  of  stone  is 
held  almut  :it'  ft.  below  by  lines  extending 
to  it,  and  between  the  building  lioat  and 
rock  barge  is  placed  the  grasshopper  on 
which   the  mat   is  constructed. 

The  mats  for  dams  arc  constructed  with 
the  fascines  laid  across  the  grasshopper, 
butts  down  stream.  They  are  usually  bound 
with  three  sets  of  binding  poles  securely 
lied  with  lath  yarn  or  wire,  usually  at  every 
third  fascine.  The  length  of  the  mat  varies 
with  the  swiftness  of  the  current  and  depth 
of  water,  but  rarely  exceeds  1"0  ft.  Three 
iluarUr  inch  lines  arc  attached  to  the  bind- 
ing poles  over  the  tips  aliout  10  ft.  apart, 
and  to  the  binding  poles  over  the  butts 
about  20  ft.  .After  the  mat  is  launched 
these  lines  are  fastened  on  kevels  on  the 
building  lH)at.  Care  is  rcuuircd  in  sinking 
Ihe  mat  to  prevent  the  river  currents  from 
turning  it  over  and  dumping  the  load  of 
rock.  .\n  excess  of  rock  is  placed  on  the 
cpstream  side  of  the  mat.  and  the  lines 
connecting  it  to  the  building  boat  are  grad- 
ually eascil  oflF.  In  shoal  water  the  up 
stream  edge  of  the  mat  is  sunk  to  the  bed 
of  ihe  river  before  the  lines  running  from 
the  butts  to  the  building  barge  are  loosened. 
.After  the  mat  is  sunk,  the  rock  is  uni- 
formlv  distributed  over  it.  and  the  lines 
used  in  sinking  it  are  tl'en  removed,  having 
been  originally  attached  with  a  lurn  to 
facilitate   their   removal. 

On  the  lower  sections  of  the  river  the 
mat  is  conftructed  from  tilling  ways  on  the 


a  4x4-in  pine  timlicr  thai  exlciuls  i|nnii 
through  a  hole  in  the  deck  to  near  the  IkM- 
loni  of  the  U>al,  when  the  ways  are  hnri 
/onlal  A  wire  rope  riiit»  fmm  ihi-  |n«rr 
end  ■  f  these  tin 

the  '  '    it,  and 

rope   I- \l'  ii'imv'   ab'i*.     '' 
III  a   |>air  nl   iripb 

necled   with   the  dr:. 

capstans.      .After    the    mat    i 

structed,  by  winding  nn  this  < 

iMiard  ends  of  the  ways  arc  raise<l  and  the 

mat  launched. 

The  closing  dams,  which  arc  employed  to 
close  chutes  and  side  channels,  arc  con- 
structed similarly  tn  wing  dams,  imt  usually 
cniilain  more  rock  and  ihe  kink  revetment 
extends  a  greater  distance  Ixilh  almve  and 
lielow  them.  In  long  chutes,  al  low  stages, 
a  head  of  water  exceeding  4  ft.  may  exist 
on  the  dam  :  in  such  cases  breaks  have  fieen 
not  infre(|uent,  and  the  experiment  has  re- 
cently l)cen  made  of  multiplying  the  num- 
ber of  dams  in  the  chute  so  as  to  diminish 
the  head  on  each  and  to  increase  the  ten- 
dency to  deposit  sediment  in  the  chute. 

I>ongitudinal  dikes  are  similar  in  con- 
struction to  wing  dams,  but,  as  their  name 
indicates,  instead  of  Ix-ing  built  approxi- 
mately at  right  angles  lo  the  current,  they 
extend  approximately   parallel  to   it. 

During  the  first  years  of  the  improve- 
ment, pile  and  brush  dams  ( Fig.  4 )  were 
liuilt  (juite  extensively  in  the  river  above 
Hastings.  In  constructing  these  dams,  an 
apron  was  laid  in  the  usual  manner  and 
piles  were  driven  througli  it  on  the  lire 
of  the  dam.  The  distance  lietween  piles 
was  about  4  ft.  They  were  connected  b> 
a  stringer  at  a  height  of  aliout  .3  ft.  above 
low  water.  .-Vgainst  this  stringer  brush 
fascines  were  laid  side  by  side  with  their 
tips  up  stream  and  their  butts  extending 
over  the  stringer  ,il)out  I  ft.  and  b<iunil 
to  it  with  binding  poles  and  wire.  .A  small 
amount  of  rock  was  then  thrown  on  the 
tips.  Due  to  the  small  (|uaiilily  of  sediment 
in  the  upper  river  these  dams  have  not 
been  as  successful  as  similar  ones  in  the 
river  below  St.  Louis  have  lieen.  They 
were  cheaply  constructed,  but  after  a  few 
years  thev  became  so  dilapidated  that  it 
was  necessary  to  convert  them  into  the 
ordinary   brush  and  rock  dam. 

Where    it    has   Ik-cii    necessary   to  dredge 
through  gravel  bars,  the   material  removed 
has  ln-en   frequently  employed  as  a  founda 
lion    lor    dams    and    topped     with     regtilar 
courses  of  brush  and  rock.    The  fcrrv  dike 


biiililiiig    Imat.   iiis|i'a<l   <'l    troiii 
fier  as  above  described.      The  I 
is   l<L".  ft.    X  '.'li   ft.   X  4   ft.,  and   .-  ..,,.,.,■... 
»ilh  twn  Nieani  capstans  and  a  set  of  ItHi-fl 
filtiiH'   vv.t\>      There  are  aK.'  Ii.oiil  t-.ipstans 
hand    {>■  O    the 

;  the  lines  .■  to  the 

:>lune  iNtigc.  The  hand  i.ipsl.mn  are  the 
No.  B  I'rovidrnee  ,-ind  .iri-  .-niivrnient  as 
idlers    when  '  '  itcd    by 

steam       lb'  be  sin- 

gle   cylinder     mi  .um..  .11    iw.i  in.     lilting 

ways  are  made  ni  4-in  x  .Vin,  x  IH-ft.  oak 
limbers  I  bese  limlM-rs  are  set  nn  edge 
.ilnrl  "^  it  .ip.irt  and  sc  i 'irr!\  i..  trued  to- 
..  •'.  ■  '  :i  ton  .iiiil  .itl  stiin^.r  on  the 
!i-.  Four  feet  from  llieir  outer 
te  set  in  a  block  I  ft  high,  to 
wliu.i  tlic)  are  joined  by  a  heavy  strap 
binge      To  each  alternate   way   is  attached 
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■  itial  was  built  <  niui  i\  '•! 
:  al  a  "ft.  stage,  and  has  re- 
.,,,,,.,  ,,■■  i,|..iirs  since  its  ctmsiriuimn  in 
I.**.'!  .A  number  nf  sand  dams  h.ive  been 
built  aliove  Lake  i'epin  with  an  hydraulic 
dre«Ige,  which  deposits  the  hodv  of  the  dam 
in  such  a  sha|H-  that  a  single  course  of 
brush  and  rock  conuilctes  it.  Their  cost 
is  about  one-half  that  of  the  ordinary 
brush  and  reck  dam.  They  have  usually 
been    put    in    as    intermediate    dams     of     a 

I    '•    ■   '  ■•■:ilioii  appear  to  If 

•  V  type 

•  iish  lo  stone  em- 
ployed III  constructing  the  difTerent  works 
iins    v.-irirti        The    prrsrnl     pr.t.-lire    is:    for 

•   1  to  I  : 

i'  brush ; 

lor    «i>ig    M.iins,    I    "t    r'<cK    t.i   _•   of  brush 

.A   nimilwr  of  dams  have  been  constructed 
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with  the  ratio  of  rock  to  brush  1  to  4.  The 
repairs  to  these  dams  have  been  greater 
than  to  those  containing  a  larger  percentage 
of  rock. 

At  the  close  of  the  calendar  year  190'), 
there  had  been  built  231.0  miles  of  dam^ 
and  ISS.U  miles  of  shore  protection.  The 
dams  cor.tained  3,630,234  en.  yds.  of  rock 
and  0,310,742  cii.  yds.  of  brush.  The  bank 
revetment  contained  1,725,685  cu.  yds.  of 
rock  and  I,.j49,.525  cu.  yds.  of  brush,  an 
average  of  1.73  cu.  yds.  of  rock  to  1.55  of 
brush  per  linear  foot.  During  the  fiscal 
year  endina;  June  30,  1900,  182,735  cu.  yds. 
of  rock  and  275,825  cu.  yds.  of  brush  were 
expended  on  wing  dams  and  revetments. 

ROCK    E.XC.WATION. 

In  1888,  a  Board  of  Engineer  officers  was 


also  materially  increased  the  depth  of  water 
and  diminished  the  slope  on  the  three 
chains  above.  At  Duck  Creek  Chain  a 
similar  set  of  dams  was  introduced,  which 
rendered  rock  excavation  unnecessary  in 
the  channel  at  this  locality,  and  reduced 
the  velocity  of  the  current  on  the  Winne- 
bago Chain  above  and  to  some  extent  on 
Campbells  Chain.  The  slope  at  Duck  Creek- 
Chain  then  becatne  excessive  and  was 
lengthened  by  constructing  in  the  pool  be- 
low a  series  of  submerged  dams  extending 
to  within  6  ft.  of,  the  low  water  surface. 
Prior  to  187G  the  work  was  done  by  con- 
tract ;  since  that  date  by  the  employment  of 
government  plant  and  day  labor. 

The    methods    of    rock    excavation    em- 
ployed were : 


above  the  surface  of  the  water  was  then 
attached  to  the  fixed  part  of  the  dam.  Sink- 
ing planks  were  spiked  to  the  pair  of  lower 
timbers  nearest  to  the  fi.xed  part  of  the 
dam  at  right  angles  to  their  length  and  pro- 
jecting below  them  as  much  as  was  found 
by  sounding  necessary  to  keep  the  lower 
wall  timbers  as  nearly  horizontal  as  possi- 
ble. This  pair  of  timbers  was  now  sunk 
until  the  ends  of  the  sinking  plank  rested 
on  the  bottom.  The  upper  timbers  were 
raised  a  few  inches  above  the  surface  of 
the  water  and  spiked  to  the  sinking  plank, 
tlie  frame  thus  made  being  weighted  to 
keep  the  timbers  in  place.  The  side  planks 
which  were  chamferred  to  a  thin  edge  at 
the  lower  extremities,  were  then  driven 
into    close    contact    with    the    bottom    and 


convened  to  prepare  and  submit  a  project 
for  the  further  improvement  of  Rock 
Island  Rapids,  either  by  widening  or  deep- 
ening the  present  channel  through  the  rap- 
ids or  by  a  canal  around  the  rapids  on 
the  Illinois  side  of  the  river. 

The  Board  submitted  estimates  for  two 
methods  of  further  improvement :  A  canal 
around  the  rapids  on  the  Illinois  side  of 
the  river,  and  widening  and  deepening  the 
present  channel  of  the  river  at  the  rapids. 
The  estimate  for  a  canal  in  the  bed  of  the 
Mississippi  River,  200  to  500  ft.  wide  and 
having  a  depth  at  low  water  increasing 
from  6  ft.  at  the  head  to  about  12  ft.  at  the 
foot,  was  $3,704,722.67.  To  enlarge  the 
river  channel  to  400  ft.  width  and  4%  ft. 
depth  below  water,  the  cost  is  estimated  at 
$1,258,866.  To  enlarge  the  river  channel 
to  400  ft.  width  and  6  ft.  in  depth  below- 
low   water.  $3,491,010. 

The  improvements  recommended  by  this 
Board  were: 

(1)  Guide  piers,  with  lights  and  day  bea- 
cons, of  sufficient  strength  to  resist  the 
action  of  ice  and  of  sufficient  number  and 
so  located  that  while  being  of  no  obstruc- 
tion to  navigation  they  will  serve  as  relia- 
ble guides  to  pilots  in  making  the  passage 
at  night. 

(2)  To  excavate  and  remove  rock  at 
various  points,  in  order  to  widen  and 
straighten  the  channel  at  crooked  portions 
of  the  rapids,  giving  longer  straight 
reaches,  and  to  deepen  it  at  some  places, 
as  at  Duck  Creek  Chain.  Such  excavation 
will  include  the  several  small  patches  of 
rock  lying  on  or  near  the  channel. 

(3)  A  system  of  dams  is  proposed  for 
slightly  raising  the  water  surface  at  low 
stages  and  equalizing  to  a  certain  extent 
the  slopes  above  and  below  Hampton,  espe- 
cially the  current  through  Campbells  Chain, 
with  a  view  of  preventing  the  deposit  of 
sand  in  the  channel.  The  estimate  of  cost : 
Rock    excavation,    33,140   cu.    yds.,   at 

$6    $198,840 

Dam  construction,  39,500  cu.  yds.,  at 

$1.50    69,250 

24  piers,  at  $1,500 36,000 

Dredging    5,000 

Contingencies   39,909 

Total $328,999 

Work  was  begun  under  this  project,  and 
was  practically  completed  in  1906,  but  with 
material  modifications.  The  dams  con- 
structed at  Campbells  Chain  not  only 
scoured  out   the  sand   in  the  channel,  but 


Fig.  3 — Dam  Building  Boat. 

1.  By  cofferdam,  drilling  by  iMnd,  and 
use  of  couMnon  blasting  powder. 

2.  By  chisel  and  dredge. 

3.  By  drillboat,  submarine  blasting  w-ith 
dynamite,  and   removal  of  rock  by  dredge. 

(1)  By  Cofferdam. — The  method  of  con- 
structing the  dams  was  as  follows:  A 
lircakwater  was  first  constructed  about  ten 
feet  above  the  proposed  dam,  to  break  the 
force  of  the  current,  and  afford  compara- 
tively still  water  on  the  down  stream  side. 
It  consisted  of  a  series  of  cribs,  generally 
about  10x10  ft.,  spaced  about  16  ft.  apart 
in  the  clear,  and  sunk  by  being  filled  with 
stone.  Strong  timbers  were  then  laid  from 
one  crib  to  another,  and  a  sheathing  of 
nlank  was  placed  along  the  connecting  tim- 
bers with  one  end  resting  on  the  timbers 
and    spiked    to    them,    and    the    other    end 


ffTtfrn 


spiked  to  the  top  timbers,  care  being  taken 
to  keep  them  in  contact  with  the  lower 
timbers.  The  space  was  then  ready  for 
filling.  The  puddling  or  filling  was  taken 
from  the  river  bed  and  shore,  and  consisted 
of  clay  mixed  w-ith  gravel,  which  material 
was  always  found  at  moderate  distances 
from  the  work. 

After  the  filling  became  compact  the 
water  was  slowly  pumped  out  of  the  coffer- 
dam and  the  space  inclosed  was  ready  for 
tlie  work  of  excavation.  No  special  tamp- 
ing or  packing  was  employed — the  material 
being  such  as  to  readily  settle  and  spread 
into  the  cavities.  The  size  of  timber  and 
thickness  of  plank  varied  according  to 
depth  of  water  and  consequent  height  of 
dam  and  pressure.  In  deep  water  three 
rows  of  stringers  were  sometimes  used  as 


Fig.  4. — Pile  and   Brush   Dam. 


resting  on  the  bottom,  the  plank  being  in- 
clined at  an  angle  of  about  45°  with  the 
water's  surface. 

Timber  work  for  an  upper  corner  of  the 
dam  was  framed  and  sunk  in  its  proper 
place  with  two  pairs  of  lower  wall  timbers, 
one  pair  extending  down  stream  and  the 
other  across,  attached  by  means  of  tie  rods 
to  the  frame  work,  the  timbers  of  each  pair 
being  secured  to  each  other  by  the  middle 
tie  rods,  the  outer  ends  being  held  up  to 
the  surface  by  a  float.  Small  rafts  were 
moved  along  on  each  side  of  the  line  of  the 
cofferdam,  to  afford  sufficient  space  for 
working.  Another  pair  of  lower  wall  tim- 
bers (or  stringers)  was  then  fastened  by 
means  of  tie  rods  to  the  floating  ends  al- 
ready in,  and  secured  to  one  another  as  be- 
fore.     A    pair    of    upper    timbers    located 


affording  greater  stability,  and  the  dams 
were  often  braced  from  the  inside  at 
threatened  points.  The  thickness  of  the 
filling  of  the  upper  and  lower  ends  was 
about  10  ft.,  they  being  generally  in  deeper 
water  than  the  sides,  which  had  ordinarily 
an  inside  thickness  of  about  8  ft. 

Although  the  dams  used  in  tlie  improve- 
ment of  Rock  Island  Rapids  were  in  gen- 
eral built  in  comparatively  shallow  water 
(from  6  to  14  ft.  in  depth).  Sycamore  dam, 
which  was  the  largest  built,  attained  at 
some  places  a  height  of  26  ft.  above  the 
bed  of  the  river. 

The  quarrying  was  performed  by  the  use 
of  the  ordinary  hand  drill  and  blasting 
powder.  The  drills  used  varied  from  1% 
to  2%  ins.  in  diameter,  and  the  depth  of 
holes  from  1  to  4  ft.    To  avoid  the  effect 
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of   mnUliirf   in   thf    rock   and    to    form    a 
u  '■.      ihr      hulcs      were 

>]  .illy  I'lllcil  with  a  soft 

pi:  ■"     •         'hen    forceil 

II,  't  the  siJe> 

aiit!  „  _  ...  ^     The  pro- 

portion of   rock  excavated  to  powder  used 
»a*  7-13  cu.  yds.  to  1  lb.  of  powder. 

Ulien  the  excavation  was  finished  and 
iiulnMire  cleaned  of  broken  rock,  etc.,  the 
water   was  let   in   and  the  dams  and  cribs 


and  windlasses,  so  as  to  cover  the  paints 
dr^ircd.  the  chisel  working  from  the  down 
>lrrani    ciiil    of    the    txut       On    the    Rock 

Maud    Rapid-,    the   •! '    "  •-    " ■•!    '■■ 

\yc   very   efticacioUN 

Mn.ill    (  IS  iii>    or   li 

Moines    Rapids   it    was  not    a-.   ^.ltl^l.ll^lJry. 

Table   II   shows   the  c)uanlitic>  of   rock   rc- 

mo\rd  bv  chi-iclinij  .iinl  ilnrlKing. 

(3)      By   Driltt'oal.    SuI'mjriiu-    Blasting 
and  Drfdgi. — In   18Tu,  at   St.   Louis   Chain, 


..■< 


F.g. 


removed  by  dredge.  CoflFcrdams  were  fre- 
quently damaged  and  sometimes  broken  in 
bv  passing  steamers  and  rafts.  Table  I 
shows  the  cofferdam  work  done  at  the  Rock 
Isl.iiicl    Ka()i.|>  : 

Tall.  1  1 '.;!i.  n»lon»  of  Coffer-dams  Con- 
nirw.ti.J  liiiriK  Improvrinpnt  of  Ilock 
Iiilan<l  Itapldn.  with  Location  and  Quan- 
tity of   Rock    Excavated. 

Amt. 
Develop-  of  rock 

ment.       Area     e-Xcavutcd 
Lin.  ft.     Acr<>».       cu.  yds. 

I>uck    Cffik       1.310  l'.2»  5.1S.1.80 

Mnllnr  ...2.645  6.03         1«.*5S.4I 

8y<nrTi.ire     5.171         42.91         17  3:6.«6 

<niMi.l.i.U»     5.760         43.07  T.S3.'.86 

SiiuIliTi      S.209  4.84  ."...■.9S  S" 

\-y\-r    1.710  2.26  3.6'j7.50 

H.  t^^ .  .n      Smiths 
.iimI   Sycamore  No. 

1      960  805.10 

Ili-twecn      S  m  I  I  h  11 

and  Sycamore  No. 

2     840  ....  817.20 

Crab    Inland    No.    1.. 1.100  ....  1.077  40 

Crab   Island   No.    2.. 1.020  1.446.90 

I>ow«r    No.     1 1.505  2.27  2,649.60 

Ixiwer     No.     t 1,480  2.81  2.340.50 

Total        excavated 

by    onfr<T-i|anis ....  6.>.784.8n 

('-')  By  Chisel  and  Dredge.— The  chisel 
was  used  for  brcakine  rock  that  was  found 
in  patches  or  in  boulders  too  small  in  area 
to  justify  the  construction  of  an  inclnsing 
cofTcrdam.  The  use  of  the  chisel  boat  dates 
back  to  I8.V1.  when  Major  J.  G.  I'bwil. 
I'nited  Slates  .\Kcnt.  used  on  the  Pes 
Moines  Rapids  a  stick  of  oak  timber  12  ft. 
long  aurl  about  12  ins.  square,  with  bars 
of  railroad  iron  let  into  the  side  as  ribbands 
to  work  in  the  uprights  prepared  for  the 
purpose  and  set  up  on  one  end  of  the  boat. 
The   tjnil<r    was  shotl   with   a  -e 

of   wroiii-hi    iron    weiehine    atn 
.IP  I  '   iving  a  p\ :         '   '  ■  'le 

were   at'  -  it 

11. .1,  ;i  tt    I"".-  ;        .  .,,    .;p- 

per   end   «  head"   from 

which   the  ,  'I.   and    was 

so  arranged  as  to  .iljiiw  ihr  (-hi«i-l  i..  n'mce 
from  the  rock  witbotii  injiir>  to  tin-  boat 
Its  weight  was  .-il>out  3H  tons.  The  steel 
point  was  detachable,  so  that  when  it  be- 
'lull  it  could  lie  removed  and  another 
<  '  iiiited  The  "head"  was  made  of 
loiikiii  elm  or  bass  wo(><'  •  '  -nv  hide 
Iwilti'l  togrlber  >■■  .T.  to  '  uv  hide 

at  ihr   neck  of  ihe  chisel.  re  was 

the  greatest  wear.  The  chisel  was  operated 
bv  in.iiliiiiiry  and  leads  simihr  to  those  of 
a  pile  driver,  which  were  ■  a  suit- 

able   flatUiat       The    fall  ;    7    ft. 

The  Ixiat  was  maneuvered  is    it:,  ii^rs,  lines 


Revetment. 


tripods  were  placed  on  the  rock  to  be  ex- 
cavated, and  from  platforms  built  on  the 
tripods  holes  were  drilled  by  haiid.  the 
r(K-k  blasted,  and  the  broken  rock  raised  by 
a  derrick  boat.    About  305  cu.  yds.  of  rock 


The  usual  method  of  procedure  is  as  fol- 
lows :  The  drillboat  is  first  spudded  in 
position,  and  holes  3  ins.  in  diameter  are 
drilled  4   ft.   apart   into   tb.    '     '  ! 

are  sunk  to  a  depth  of  3  ft 

avoid      f' '  ' The      dl-t.n:..  .:.%.rll 

rows  oi  IS  also  usually  4  ft      The 

holes  ar^ ..^cd   from  debri-  '  ■^    t' ..h. 

ing     them     out     with     water  1 

through  a   hose   with  a  long  n.  .r 

charges  of  dynamite  are  then  pusiied  to  the 
bottom  of  the  holes  through  a  long  tube 
having  a  slot  in  the  side  to  accommodate 
the  fuse  wires,  and  a  wad  of  old  junk  is 
rammed  down  on  top  of  each  load  to 
tighttn  and  hold  it  securely  in  place  The 
numl)er  of  loaded  holes  on  a  line,  ranging 
from  1  to  17.  having  been  tinally  connected 
by  splicing  the  wires  to  form  a  circuit,  the 
drillboat  is  moved  away  to  a  distance  of  50 
to  75  ft.,  and  the  blast  is  then  hred  with  a 
battery.  The  average  amount  of  dyna- 
mite used  per  solid  cubic  yard  of  rock 
blasted  is  221*  lbs  .  and  the  average  amount 
of  solid  rock  blasted  per  day  of  ItJ  hours 
by  one  drillboat  is  '.)i<Hii  cu.  yds.  There  is 
great  variation,  however,  due  to  depth  of 
drilling,  quality  of  material,  and  the  amount 
of  sand  and  gravel  found  overlying  the 
reefs.  In  deep  ledge  rock  which  breaks  up 
so  as  to  permit  holes  to  l>c  drilled  8  ft. 
apart,  an  output  of  72  cu.  yds  of  solid  rock 
per  day  of  Iti  hours  was  obtained,  with  an 
expenditure  of  1.17  lbs.  of  dynamite  per 
cubic  yard. 


Talile   II.— Quantities  of  Rock   Removed   by  Chisel    and    Dredge    In    the    Improvement    of 

Rock  Island  Rapids. 
Rock 
excavated 
cu.  yds. 

Duck    Creek     5,917.92       Patches    ibove    an't     h<»Inw     fh"-    cofr<vr-dam 

..;  ■     ■  ■   MoUne. 

MoUne    2.741.78        Pa 

Sycamore 245.18        Sti  •  oller- 

rumpbella   1.154.12  Pa-  —and  below  the  coffer-dmm. 

Smiths     842.50  Pai  —coffer-dam. 

rpper    991.30  At    li.a.J   uf   chain. 

Hctween    Smiths   and   Sycamore 1,694.71  Scattering  patcht-s  of  small   area. 

Crab    Island     409.00  Patches  li.'low  coffer-dam. 

Saint    I»ul8    2.795.20  Nearly    all    work    at    this    clialn      done      by 

chisel 

WlnnetMJBo    - 2.144.00  All  work  at  this  chain  was  done  by  ehlseL 

Lower    . .  705.00  Strips  on   which  the  coffer-dam   rested. 

Total  .19.640.71 


were  removed  by  this  means.  While  this 
method  can  be  employed  advantageously 
for  small  patches  of  rock,  it  has  Ik-cii  found 
with  the  development  of  the  steamdrill  that 
it  was  more  economical  to  mount  the  drill 
on  a  barge,  which  could  be  moved  readily 
from  place  to  place,  and  since  l.'*7.*l  the 
work  of  riKk  removal  has  been  performed 
on  the  Rock  Island  Rapids  by  means  of  the 


Table  III  gives  the  quantity  of  dynamite 
generally  used  for  holes  of  various'  depths 
and  in  different  kinds  ..f  mnteri.il- 
Table    III.— Showli  .  i;e    for 

Holes  of 
Depth   of   hole    ..  ft.  8ft. 

Dynamite      In        liat.i 

roek.     Itts 2^  3>4   4       4\  5H  6^ 

Dynamite       In       rock 

■^^dlum       to      sort. 

'«>• !      2H  3U  3%  44  5^ 


Fig.    6 — Scraper    for    Lowering    Bar*. 


drilll>oat 


The    latest    form    of    drillboat 


and   biacksmiti  npv  the   middle  of 

the  tif)at,  and  i  held  in  position  by 

spuds.  Maneiivctiiig  lines  are  also  attached 
for  moving  the  InMi  out  of  danger  during 
blasting  operations. 


The   dams    on    the    rapids   have    usually 

lieen   built    from   Ihe   rock   '■ ■- '    from 

the   neighlioring  chains.      S  .lams 

arc   given  an   elevation   of  >  ,v   low 

water,  the  ordinarv  witig  dams  if*  ft.  above 
low  water.  The  longitudinal  dike  extend- 
ing atvixe  Renhams  Island  was  built  by  the 
Ordnance  Department.  I'.  S.  Army,  to  in- 
crease the  head  on  a  dam  in  Svlvan  Water 
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that  has  been  constructed  to  supply  power 
to  the  Rock  Island  Arsenal.  Talile  TV 
shows  the  cost  of  rock  excavation  by  vari- 
ous methods  at  the  Rock  Island  Rapids 
work. 

LEVEES. 

At  a  6-ft.  stage  the  river  begins  to  over- 
flow the  bottom  lands ;  above  a  12-ft.  stage 
the  overflow  of  the  alluvial  valley  is  ex- 
tensive,   although    there    are    certain    sand 


the  section  Ijy  gi\iiig  a  width  of  (J  ft.  tn 
the  crown  and  a  land  slope  of  1  on  2%. 
The  levee  section  adopted  on  the  Lower 
Mississippi  river,  which  has  a  crown  from 
8  to  10  ft.  in  width  and  a  land  slope  of  1 
on  3.  it  was  believed,  could  be  safely  re- 
duced, as  the  floods  on  the  upper  river  are 
of  shorter  duration,  and  as  great  an  in- 
crease in  flood  height  from  levee  construc- 
tion is  not  to  be  apprehended. 


Table    IV. — Cost   of  Rock   Excavation,    Rock     Island  Rapids. 
Removed 

from 

(solid       Cost  per 
Year.  Localitv.  cu.  yds. )     cu.  yds.  Method. 

IStS     R.    I.    Rapids 21,253  JIO.OO 

isea     R.    I.    Rapids 12,671  13.00 

1S70     R.    I.    Rapids 1,172  13.00 

1S70     R.    I.    Rapids 7.S33  11.50 

1S72     R     I     Rapids 5,599  10.33        Contract:     coffer-dams,     steam      and      hand- 

1872     R.    i:    Rapids 1,622  11.00  drills,    powder. 

1S72     R     1.    Rapids 3,698  14.00 

1875  R.    I.    Rapids 2,650  12.00 

1876  R.    I.    Rapids 2,34i  12.00 

1876     R.    I.    Rapids 305  11.13        Hired  labor;   hand-drills,   dredge,  powder. 

1879     R.    I.    Rapids 682  10.78        Hired   labor:   steam-drill   boat,    dredge,   dyna- 
mite. 

1886     R.    I.    Rapids 445  7.00        Contract:    chisel   and   dredge. 

1SS7     R.    I.    Rapids 1.343  8.47        Contract:    chisel   and    dredge. 

1889  R.    I.    Rapids -2,451  5.43        Hired  labor:   steam-drill   boat,   dredge,   dyna- 

mite. 

1890  R.    I.    Rapids 1.39S  7.20 

1891  R.    I.    Rapids 2,704  5.76 

18!2     R.    I.     Rapids 1.990  4.73 

1893  R.    I.    Rapids 2.919  4.71 

1894  R.    I.    Rapids 3.852  4.70 

1895  R.    I.    Rapids 6,158  3.75 

1895  D     M.    Rapids 3.05 

1896  R.    I.    Rapids 5.271  4.42 

1897  R.    I.    Rapids 3,105  4.31 

1898  R.    I.    Harbor ,. .  4.94 

1898     R.    I.    Rapids..'. 6.320  3.37 

1898     D.    M.    Rapids 5,449  2.36 

1898  Henderson    R 693  4.14 

1899  R.    I.    Rapids 5,406  3.50 

1899     R.    I.    Harbor 1.441  2.47 

1899  Rockingham      4.730  2.93 

1900  R.    I.    Rapids 3.631  3.30 

1901  R.    I.    Rapids 1,000  4.34 

1902  R.    I.    Rapids 6.201  2.69 

1903  R      I.    Rapids 6.425  3.65 

1914      R.     I      Rapids 5.01S  6.00  " 

1905     R.- I.    Rapids S.670  1,00        Dredging    rock    blasted    preceding    year. 


ridges,  that  are  above  any  recorded  stage  of 
the  river.  The  floods  arc  usually  of  .short 
duration,  and  inost  frequently  occur  in 
June  or  July. 

While  there  are  many  tracts  of  land  that 
have  been  partially  protected  from  over- 
flow by  their  owners,  there  are  but  three 
levee  districts  along  the  Upper  Mississippi 
river  that  have  received  appropriations 
from  the  General  Government,  i.  e..  the 
levee  from  Iowa  river  to  Flint  Creek,  War- 
saw to  Quincy  Levee,  and  Sny  Levee, 

Lcvcc  from  Ivav  River  io  Flint  Creek. — 
The  River  and  Harbor  Act  of  August  17, 
18!)4.  provided  for  a  survey  on  the  west 
side  of  the  Mississippi   River : 

'*•  *  *  commencing  at  the  mouth  of 
Flint  Creek,  in  Des  Moines  County.  State  of 
Iowa,  and  running  along  the  west  bank  of 
the  river  to  the  inouth  of  the  Iowa  River, 
*  *  *  with  a  view  to  improving  the  navi- 
gation by  preventing  the  water  from  over- 
tlowing  the  natural  and  artificial  banks 
Hiring  those  narts  of  the  river  and  deepening 
the  channel." 

This  was  interpreted  to  mean  that  Con- 
gress desired  an  estimate  of  the  cost  of  a 
levee  that  would  prevent  overflow  of  the 
west  bank  of  the  river  between  the  points 
mentioned.  .^  survey  was  inade  in  accord- 
ance therewith  and  an  estimate  of  cost  ot 
$.305,(100  sulmiittcd.  By  the  act  of  March 
2.  181).").  Congress  appropriated  $8."),oiM)  to 
begin  the  work,  and  to  March  :i  18itil,  had 
allotted  $:.!O0,000   for  its   construction. 

Tlie  levee  has  a  length  of  35*/4  miles  and 
protects  from  overflow  about  44,70n  acres. 
The  levee  section  originally  adopted  had  a 
width  of  crown  of  4  ft.,  land  slope  1  on  2. 
and  river  slope  of  1  on  3,  The  grade  of 
crown  is  3  ft,  above  the  flood  of  1888. 
When  the  writer  was  assigned  to  the 
charge  of  this  district,  in  1898,  he  increased 


The  method  of  levee  construction  was  as 
follows :  The  ground  occupied  by  the  levee 
was  first  cleared  of  trees,  stumps,  and  all 
other  perishable  matter,  all  trees  and 
stumps  being  grubbed  out  by  the  roots  to 
3  ft.  beyond  the  slope  stakes.  The  surface 
of  the  ground  was  then  thoroughly  broken 
by  spade  or  plow  to  form  a  bond  with  the 
earth  deposited.  The  specifications  re- 
quired that  such  top  soil  as  in  the  opinion 
of  the  engineer  in  charge  w'as  unfit  for 
the  foundation  should  be  removed  and  de- 
posited to  fonn  a  banquette  on  the  land 
side  of  the  levee,  together  witli  such  top 
soil  from  the  borrow  pits:  but  the  ground 
along  the  levee  was  of  such  a  character  that 
little  material  was  rejected.  A  muck  ditch 
was  then  cut  3  ft.  from  the  center  line  of 
the  levee  on  the  river  side.  Its  dimensions 
usually  were  4x4  ft.  The  object  of  the 
muck  ditch  is  to  explore  the  foundations 
and  improve  the  bond  between  the  founda- 
tion and  the  embankment,  Tlie  muck  ditch 
w-as  then  filled  with  approved  material  and 
thoroughly  tamped,  usually  by  teams  pass- 
ing over  it.  The  embankment  w'as  then 
deposited  in  layers  not  exceeding  2  ft.  in 
thickness  when  moved  by  scrapers  (the 
usual  method).  Tf  constructed  by  wheel- 
barrows, the  specifications  prescribed  that 
the  layers  should  not  exceed  1  ft.  in  thick- 
ness and  sliould  be  carefully  tamped  by 
cmployine  one  r.ammer  to  two  wheelbar- 
rows. The  embankment  was  carried  to 
one-tenth  its  heiglit  above  the  estalilished 
grade  to  allow  for  shrinkage.  The  material 
was  generally  obtained  froin  borrow  pits 
on  the  river  side,  at  a  distance  not  less 
than  20  ft,  from  the  base  of  the  levee,  but 
in  a  few  cases  it  w-as  necessary  to  obtain 
a  small  nortion  of  the  material  on  the  land 
side,  and  in  such  cases  the  limit  of  the  bor- 


row pits  was  00  ft,  from  the  toe  of  the 
land  slope. 

As  the  levee  line  extends  to  the  bluffs 
at  the  lower  end  of  the  district,  to  protect 
against  back  water,  it  has  been  necessary  to 
make  provision  for  the  ordinary  drainage 
of  the  land  during  rain  storms.  This  has 
been  accomplished  by  running  pipes  with 
outflow  valves  through  the  embankment  at 
the  various  sloughs  and  streams  it  crosses, 
so  that  when  the  river  is  low,  water  can 
flow  outward,  but  if  high  the  closed  valve 
would  prevent  an  inflow-.  Ordinary  30-in. 
cast  iron  water  mains  were  employed  for 
the  purpose,  having  a  thickness  of  %  in., 
the  standard  bell  and  spigot  joint,  and  an 
average  weight  of  4.200  lbs,,  for  lengths  to 
lay  12  ft.  The  pipes  were  laid  without 
calking  the   joints. 

Three  kinds  of  outflow  valves  Iiave  been 
tried.  The  first  wars  an  iron  valve,  about 
5  ft.  long,  which  cost  $8ti.43.  The  second 
was  also  an  iron  valve,  about  one-half  as 
long  as  the  first,  and  with  a  flange  on  the 
lip,  and  planed  faces,  which  made  a  tighter 
and  better  joint.  This  valve  cost  $70,  But 
with  both  these  valves  it  was  found  that  a 
head  of  water  of  about  1  ft,  was  necessary 
to  open  the  valve,  unless  a  counter  balance 
was  provided.  This  counter  balance  con- 
sisted of  an  old  rail  attached  to  the  valve 
by  a  wire  rope  and  so  pivoted  as  to  take 
up  the  surplus  weight.  A  wooden  shutter, 
costing  about  $11  was,  however,  found  to 
be  mucli  cheaper  than  either  of  the  iron 
valves  above  mentioned.  The  objection  to 
the  wooden  valves  is  their  tendency  to 
warp  in  such  a  manner  as  to  allow  consid- 
erable leakage.  They  are  also  more  easily 
broken  than  the  iron  valves. 

At  tlie  outlet  of  these  drainage  pipes 
were  built  rubble  retaining  walls  to  pre- 
vent earth  from  sliding  in  and  filling  the 
pipes ;  and  an  apron  was  also  constructed 
to  receive  the  outflow  and  prevent  erosion. 
On  the  land  side  of  the  levee  the  entrance-^ 
to  the  drainage  pipes  were  protected  by  a 
rip  rap  of  rock. 

When  the  levee  was  exposed  to  wave 
wash,  the  slope  was  revetted  with  a  layer 
of  rip-rap  about  9  ins.  thick,  extending 
from  tlie  toe  of  the  slope  to  an  elevation 
about  1  ft.  below  the  high  water  of  1888. 
The  length  thus  revetted  was  14,770  ft. 
The  re.st  of  the  levee  slope  was  sown  with 
grass  seed,  so  as  to  form  a  sod  to  protect 
the  embankment  from  rain  wash. 

It  was  occasionallv  necessary  to  construct 
the  levee  close  to  the  bank  of  the  river  or 
a  slough  where  it  was  liable  to  be  injured 
by  tlie  caving  of  the  banks.  In  such  cases 
the  bank  was  revetted.  These  shore  pro- 
tections were  constructed  in  the  manner 
customary  on  the  Upper   Mississippi  river. 

REi'OV.M.  OF  SN.\GS   .\ND  OTHER  OBSTKUCTFONS, 

By  the  Act  approved  March  2,  1807,  an 
appropriation  of  $9(i,()00  w^as  made  for 
building  and  operating  tw-o  dredge  and 
snag  boats.  With  this  apni'opriation  two 
steamboats  were  purchased  and  equipped 
with  shears,  for  pulling  snags,  and  with 
Long's  Scraper,  for  lowering  the  crests  of 
sand  bars,  Lon.g's  Scraper  (Fig,  0),  an  in- 
vention of  the  late  Colonel  Stephen  H, 
Long,  Corps  of  Engineers,  appears  to  have 
been  tlie  most  successful  of  the  various  de- 
vices that  have  been  suggested  to  tempo- 
rarily improve  navigation  during  low  water. 
It  consisted  of  a  triangular  frame  of  oak 
timber,  with  buckets  or  cutters  of  boiler 
iron  bolted  to  the  lower  side.  It  was  at- 
tached by  bolts  to  the  sides  of  the  boat, 
and  was  raised  or  lowered  by  two  ropes, 
one  of  which  w-as  fastened  to  the  bow  of 
the  boat  and  passed  under  a  pulley  near  the 
lower  end  of  the  frame,  thence  over  a  pul- 
ley on  a  bow  sprit  projecting  from  the  boat. 
and  thence  to  the  forward  steam  capstan  ; 
the   other    rope   was   attached   to   the   apex 
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Ill  such  c.iscs,  however,  il  wa.s  found 
that  the  ordinary  dipper  dredge  was  more 
economical,  and  the  work  of  the  boat  has 
l)cen  confined  to  snagging  operations  aiul 
the  removal  of  wrecks  and  lioulders 

Trees  and  stumps  on  caving  hanks  fall 
or  slide  into  the  river  and  work  out  into 
the  deepest  channel  water.  These  form 
what  are  called  iiuiKs,  and  whether  entirely 
iirrl.  r  V.  .i.r  or  partlv  '^'^ — •!  ire  danger- 
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The    Theory  of   Economic  Road   and 
Street  Design  and  Location. 

V 

In  the  preceding  issues  we  have  discussed 
pseudoscientitic  methods  of  design,  the 
fundamental  law  of  economic  design,  e.s- 
timating  probable  traffic  (traffic  survey), 
value  of  team  time,  cost  of  hauling  per  ton- 
mile,  and  cost  of  macadam  roail  main- 
tenance per  ton-mile.  We  now  come  to  the 
cost  of  interest  per  ton-mile,  deferring  for 
the  present  the  consideration  of  main- 
tenance of  other  clas.ses  of  pavement  than 
macadam. 

Cost  of  Intcrfsl  (icr  Ton-Mile. —  This 
item  depends  obviously  on  three  factors : 
(1)  First  cost  per  mile  of  road;  Cj)  rate 
of  interest:  and  (3)  total  tonnage  carried 
per  mile  per  annum. 

The  rate  of  interest  at  present  ranges 
from  3  to  .">  per  cent  on  public  loans,  and 
may  be  taken  at  4  per  cent  for  illustration 

The  first  cost  per  mile  depends  very 
largely  ujion  the  ->.-idlh  of  the  paved  part 
of  the  highway.  The  engineer  who  is  ap- 
plying the  rules  of  economics  to  highway 
design  must  cease  using  the  square  yard 
as  his  principal  unit  of  cost.  The  mile — 
the  unit  of  length — is  the  correct  unit  to 
use  in  solving  transportation  problems. 
When  this  unit  is  generallv  adopted,  the 
practice  of  paving  all  roads  and  streets 
some  "standard"  width  will  cease.  Then 
\>*  to  21  ft.  paved  streets  for  small  towns, 
and  t*  ft.  paved  roads  for  light  country 
traffic,  will  become  much  more  common. 

In  fsliinoliiiji  the  item  of  interest  per  ton- 
mile,  multifly  the  total  average  cost  of  a 
mile  of  highway  by  the  annual  rate  of  in- 
terest and  diz-ide  by  the  total  number  of 
ton-miles  to  be  hauled  per  annum. 

The  following  tabulation  will  serve  to 
show  the  importance  of  this  item  of  in- 
terest per  ton-mile,  assuming  the  rate  of 
interest  to  Ik-   I  per  cent. 
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it   would  ri-quire    l"i'  cu.  yds.  01 
per  mile.    However  there  are  ii 
locaIitic<^    where         •  -  •     '  i 

can   be   built    for 
even    where   the    . 
crusher  and  a  ri  ■ 
graded  product  pr 

<|uarry-stone.  Hence,  even  with  so  insig- 
nificant a  traffic  as  4fMl  ton-miles  per  an- 
num per  mile  of  road,  it  must  not  Ik- 
hastily  assumed  that  no  paving  would  be 
economic. 

Let  ns  assume  that  a  scries  of  parallel 
roads  are  to  be  built  2  miles  apart,  the 
length  of  e.-ich  being  10  miles.  Then  each 
road  will  serve  "Jo  s<|.  miles,  or  l_',f«Ni 
acres.  If  the  crops  are  so  meager  that  only 
%  ton  per  acre  is  to  Ik-  hauled  over  iiii 
road,  we  have  HA>*»  tons  Then  di. 
by  2  (according  to  the  rule  given  in  . 
tcr  II  of  this  series),  we  have  3,2'Hi  ton- 
miles  as  the  aver.ige  annual  traffic  per  mile 
of  road.  If  l<i  cts.  per  ton-mile  can  be 
saved  by  a  paved  road,  this  would'amount 
to  3,2iHi  X  111  cts  =$:<2n  per  mile  per  an- 
num. Capitalizing  this  at  4  per  cent  we 
have  $:J2<l  -J-  4  per  cent^^,iMMi  |i,  r  mil,.  .,- 
the  justifiable  expenditure  for  r. 

To  Ik-  strictly  accurate  we  -Ii. 
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from  the  10  cts.  .saved  by  li. 
pave<l  road,  and  then  multiply    liiis  :i.i;  cis. 
by  the  3.2"Mi  ton-miles,  and  capitalize  at    I 
per  cent,   which   is   «iiiivalent   to   miilti|il\ 
ing  the  .1.2*mi  ton-mile>  by  2.4  to  arriM     ,1 
the  justifiable   expenditure  per  mile,   which 
is  ST.tWti  in   this  case     From  this   we  may 
formulate  the  followini;  ml. 
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ton-mile  of  heavy  hauling,  paved  roads  ef- 
fect the  following  economies ; 

(1).  Increase  the  number  of  days  that  a 
team  can  be  worked  annually. 

(2)..  Crops  yielding  a  greater  tonnage 
per  acre  can  be  produced. 

(3).  Light  loads  (of  butter,  eggs,  gar- 
den truck,  etc.)  can  be  hauled  at  greater 
speed. 

(4).  Market  prices  fluctuations  can  be 
taken  advantage  of. 

(5).  More  markets  are  put  within  reach 
of  the  farmer. 

(6).  Car  shortage  in  the  fall  can  be 
greatly   reduced. 

(7).  Likewise  money  shortage  in  the 
"crop  moving  season,"  by  lengthening  the 
crop  moving  season. 

(9).  Rural  mail  delivery  and  parcel  de- 
livery cheapened. 

(10).  Motor  cars  instituted,  in  part,  for 
horse  transportation,  thus  effecting  still 
greater  reduction  in  the  cost  of  hauling. 

This  last  consideration  will  soon  become 
one  of  the  most  important  elements  to  be 
considered  in  solving  the  problems  of  road 
economies,  but  as  yet  its  effect  need  not  be 
considered. 

Economic  Effect  of  Lengthening  the 
Hauling  Season. — This  is  a  matter  which 
may  readily  be  made  the  subject  of  scien- 
tific investigation,  although  it  never  has 
been  thus  investigated.  During  the  ordi- 
nary outdoor  working  season  of  IVz  or  8 
months  in  the  northern  states,  there  are 
26  days  that  might  be  worked  if  it  were 
not  for  rainy  weather,  but  in  many  states 
from  10  to  1.5  per  cent  of  this  time  is  lost 
on  certain  classes  of  outdoor  work,  due  to 
rain  and  to  the  after-effects  of  rain  upon 
the  earth.  These  2%  to  4  team  days  per 
month  can  be  saved  where  there  are  paved 
roads  and  where  there  is  produce  to  be 
hauled.  In  many  localities  fully  20  team 
days  can  be  added  to  the  working  season  in 
this  manner. 

Of  the  remaining  4  or  iVz  months  of  the 
year,  a  very  large  percentage  of  time  can 
be  rescued  from  enforced  idleness  where 
paved  roads  are  available  for  use.  It  is 
certainly  conservative  to  say  that  20  more 
team  days  can  be  added  to  the  working 
season  by  building  paved  roads  over  which 
produce  can  be  hauled  in  these  winter  and 
spring  months. 

If  40  hauling  days  are  thus  added,  it 
may  be  that,  in  some  cases,  they  can  not 
be  entirely  used,  due  to  lack  of  available 
produce  to  take  to  market.  This  is  a  sub- 
ject for  special  investigation.  But,  if,  for 
illustration,  the  investigation  discloses  that 
about  half  these  days,  or  20  days,  can  be 
utilized,  and  if  team  time  is  worth  $3  a 
day,  we  have  $60  saved  per  annum  for 
every  team  that  can  be  used  in  hauling  over 
the  road.  Each  hauling  team  to  the  mile 
of  road  would  therefore  justifv  an  e.xpendi- 
ture  of  $60-^4  per  cent  —  $l"..')00  per  mile 
of  road  to  secure  a  paved  highway.  This 
$1,500  per  hauling  team  must  be  added  to 
the  justifiable  expenditure  determined  by 
the  rule  above  given,  for  it  represents  an 
amount  rescued  from  idleness.  We  there- 
fore have  the   following  rule : 

To  the  expenditure  per  mile  of  paved 
road  justified  by  tlie  saving  in  th-e  cost  of 
transportation,  <"'<'  $75  per  mile  of  mad 
for  every  team-day  that  can  he  utilized  bv 
virtue  of  the  lengthening  of  the  umrking 
season  effected  by  proz'iding  paved  roads 
over  zvhich  to  haul. 

A  consideration  of  this  rule  and  the  one 
that  nrecedes  it  enables  us  to  understand 
why  there  is  not  a  single  unpaved  road  in 
England. 

(To  be  continued) 


An    Analysis    of    TraflBc     on     Seven 

Typical  Highways  in  Rhode 

Island.* 

BY   A.    H.    BLANCHARD.t 

The  variability  in  the  nature  of  the  traf- 
fic to  which  suburban  and  country  high- 
ways are  subjected  demands  a  careful 
analysis  of  economic  and  efficient  construc- 
tion and  maintenance  are  to  be  characteris- 
tic of  the  work  of  highway  engineers  in  the 
future. 

Prior  to  the  entrance  of  the  motor  car 
as  an  important  integral  element  of  high- 
way trafiic,  the  classification  of  highways 
and    the    consequent    determination    of   the 


One-horse  wagon,  unloaded,  rubber  tires. 
Two- horse  wagon,  loaded,  iron    tires. 
Two-horse  wagon,  loaded,  rubber  tires. 
Two-horse  wagon,  unloaded,  iron   tires. 
Two-horse  wagon,  unloaded,  rubber  tires. 
Other  wagons,  loaded. 
Other  wagons,  unloaded. 
Pleasure    vehicle    traffic — 
One-horse  vehicle,  iron  tires. 
One-horse  vehicle,  rubber  tires. 
Two-horse  vehicle,  iron  tires. 
Two-horse  vehicle,   rubber    tires. 

The  primary  concepts  governing  the  dif- 
ferentiation of  highway  traffic  into  the 
various  classes  upon  which  the  following 
tables  are  based  will  be  briefly  explained. 

The  radical  difference  in  the  character  of 
the  wear  of  a  macadam  surface  by  horse- 
drawn  vehicle  traffic  and  motor  car  traffic 
does    not    require    a    detailed    explanation. 


TABLE    I.— Traffic   on    Seven   Typical   Rhode   Island 

Highways  for 

Eight  Consecutive 

Hours. 

Kast 

East 

South 

Provi- 

Provi- 

Narra- 

Kings- 

War- 

Coven- 

dence 

dence 

gansett 

town 

wick 

try     Li 

ncoln 

1906* 

1907* 

1907t 

1905t 

1906* 

1905*t 

1907't 

Motor  car  trafBc: 

Runabouts    

39 

86 

61 

25 

84 

12 

19 

Touring  cais — 

155 
8 

157 
23 

162 
23 

101 
23 

159 
40 

9 

18 

7  seats.  limousines    landaulets. 

Motor   cycles 

10 

21 

20 

6 

1 

Total  motor  car  traffic 

212 

287 

266 

149 

289 

22 

37                     ' 

Horse-drawn    vehicle    traffic 

Commercial    traffic — 

1-horse  wagons,  loaded,  I.  T.    . . 

4 

16 

1 

2 

11 

27 

49 

1-horse  wagons,  loaded,  R.  T.    . 

1-horse  wagons,  unloaded,  I.    T. 

15 

14 

11 

87 

29> 

1-horse  wagons,  unloaded,  R.  T. 

2-horse  wagons,  loaded,  I.  T.    . . 

25 

S 

2-horse  wagons,  loaded.  R.  T.     . 

2-horse  wagons,  unloaded,  I.  T. 

1 

10 

11 

2-horse  wagons,  unloaded.  R.  T. 

Other  wagons,  loaded,  I.  T.     ... 

1 

Other  wagons,  loaded.  R.  T.    ... 

Other  wagons,  unloaded,  I.  T.    . 

1 

Other  wagons,  unloaded,  R.    T.. 

Pleasure  vehicle  traffic: 

1-horse  vehicles,  I.  T 

13 

38 

10 

8 

21 

67 

5 

1-horse  vehicles,   R.  T 

21 

98 

6 

4 

42 

7 

2-horse  vehicles,  I.  T 

1 

1 

2-horse  vehicles,  R.  T 

2 

13 

Total  horse-drawn  vehicle  trafiic 

55 

181 

17 

34 

S3 

225 

100 

Total  traffic 

267 

468 

283 

183 

372 

247 

137 

*  For  period  from  2  p.   m.  to 

10  p.   m. 

;  t    for  pe 

riod  from   10  a 

m.    to  6 

p.    m.:   't 

for 

period   from  8  a.    m.    to   4   p.   m. 

kind  of  surface  adapted  to  that  traffic  and 
the  efficient  maintenance  of  the  same  were, 
to  a  certain  extent,  understood.  Due  to  the 
fact  that  the  only  appreciable  decrease  in 
the  amount  of  horse-drawn  vehicle  traffic 
has  been  caused  by  the  partial  substitution 
of  the  motor  car  for  pleasure  vehicles  and 
cabs,  the  problem  has  not  been  changed 
materially  in  the  case  of  city  streets,  ex- 
cepting those  built  of  macadaiu.  On  the 
other  hand,  the  traffic  to  which  many  sub- 
urban and  country  highways  are  subjected 
has  radically  changed  during  the  past  five 
years. 

The  primary  factors  in  the  analysis  of 
traffic  are  the  actual  and  relative  amounts 
of  horse-drawn  vehicle  traflfrc  and  motor 
car  traffic  and  the  speed  at  which  the 
motor  cars  traverse  the  highways. 

In  an  analysis  of  highway  traffic  it  is 
obviously  necessary  to  adopt  a  more  or 
less  detailed  classification  as  a  working 
basis.  During  1908  the  engineers  of  the 
State  Board  of  Public  Roads  of  Rhode 
Island   used   the    following   classification : 

Motor  car  traffic: 

Runabouts. 

Touring   cars,   four   or  five   seats. 

Touring  cars,    six    or    seven    seats,    includ- 
ing  limousines   and   landaulets. 

Motor    cycles. 
Horse-drawn   vehicle  traffic: 

Commercial    traffic — 

One-horse  wagon,   loaded,  iron    tires, 
(ine-horse  wagon,  loaded,  rubber  tires. 
One-horse  wagon,  unloaded,   iron  tires. 


Nevertheless,  it  is  advisable  to  emphasize 
the  important  difference,  namely,  that  even- 
high-speed  motor  car  traffic  does  not  cause 
abrasion,  while  heavy  horse-drawn  vehicle 
traffic  does  wear  the  macadam  surface  ini 
appreciable  amount.     Again,  granted  aver- 

T.\BLE  II. — Traffic  on  the  East  Providence 
1907  and  Narragansett  1907  Roads  from  10' 
a.   m.   to   10  p.   m.,  July   19.   1908. 

E.  Provi-      Narra- 

dence  gansett 

1907  Road.   1907  Road.. 


Motor  car  traffic: 

Runabouts    

Touring  cars — 

4-5    seats 

7    seats,     limousines. 

landaulets     

Motor  cycles 


109 


29 
31 


•Paper  read  before  Section  D  of  the 
American  Association  for  the  Advancement 
of  Science,  at  the  Baltimore  meeting,  De- 
cember,   1908. 

tDeputv  Engineer.  State  Board  of  Public 
Roads  of  Rhode  Island;  Associate  Professor 
of  Civil  Engineering  at  Brown  University, 
Providence,    R.    I. 


Total  motor  car  traffic       380 
Horse-drawn  vehicle  traffic: 
Commercial  traffic — 

One-horse  wagons. 

Loaded, iron  tires  24 

Loaded,   rubber  tires...  1 

Unloaded,  iron    tires...         36 
Unloaded,  rubber  tires  1 

Two-horse  wagons. 

Loaded,  iron  tires 

Loaded,  rubber  tires... 
Unloaded,  iron  tires. ... 
Unloaded,  rubber  tires.  1 

Other  wagons, 

Loaded,  iron    tires 

Loaded,  rubber  tires. . . 
Unloaded,  iron  tires... 
Unloaded,  rubber  tires.  1 

Pleasure  vehicle  traffic: 
One-horse  vehicles,  iron 

tires  51 

One-horse  vehicles, 

rubber  tires 103 

Two-horse  vehicles,  iron 

tires    1 

Two-horse   vehicles, 

rubber    tires 19 

Total    horse-drawn 

vehicle    traffic 238 

Total     traffic 618 


63 


55 
2 


342 


15 
14 


SO' 
372 
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■;*  on  a  N  ij 

.  whose  n;  r- 

<acc    !■.    well   l>c:uli.U   together,  a    if^:d   dis- 

inlrt;ration    will    be    caii'>r<l    bv     hiL;h-spee<l 

.,-..,  .  .     -,j 

le 

.,   lor 

hcad- 

:    .  iwn  vc- 

hii'r   tralVii-   i%  ajip.ircnt. 

The  ^a^unl^  ilniMons  nf  tr"tnr  rnr  trnffif 
are  l>a»c«l  upon  a  c' 


into  vrhicirs  with  iron  tires  an<l  those  wi'h 
rubber  lirr-i  ilrjimrit  i>n  thr  fr»rt  that  the 
former  d  -ion  than 

the  latter 

III    thi-  r     ■:.'■  ^ven 

typical   I:  1    Rhode    :  be 

aiia!yred  ^ ..  ^ed.      1  In  ''- 

scriptions    of     the     v:iri.i'iv 
cover    the    essential    characti  • 
viewed    from    the    stai  dpoint    ui    highway 
trrff-r   nnd    the  effect   of   the    same   on  the 
■ace. 


York.    The  surface  was  b'li'.t  of 
macadam    withmn    a    sr.ilrd    vv 
road  i*  in  p' 
of  ordinary 

tin-    '  - 

I 

of  ;   . 
York.   • 
dence   :i 
of  local  Kr.i 
repriir*   in 
in'' 


I  is  a  part 

!  ill  '    Krw 


TABI.K    hi 


I  .>    I . ,  \  ."^ 


A.  M. 


a.KNCE    1907    ROAD.    SUNDAY. 
P.  M. 


Motiir  car  imBlc:  3 

Hur«»-«»ff^  

TiUM'  3 

<-  

7    ■  :*!n*'^,   tnndnulrti 

M.I  — 

6 

11 

Conirn.-'.  lal    it. ill',' 

One-lior»«    uaifoni — Loaded — I.  T J 

R.  T 

rnloaded— I.  T S 

K.  T 

Two-hor»«  wacon»^l<oodod—  I    T 1 

II.  T 

UnloBdtxI— I    T 

R.  T 

Other      WBKon*    —    LoaJ-'d— I.  T 

R.  T 

UnloaJ.-d-I.  T 

n.  T 

Pleanure  vehicle  trnfllo — 

One-horse  vehicle*— lr'<n   tlren 

Rulit>er  tlre» 

Two-home  vehlcUs— Ir^m  tires 

Riibt>«r  tires 

Total  horne-draim  vehicle  Irafllc 

Total  trafllc   


-1(1 
4 
S 
*2 

11 


10-11     III! 

It  1: 

•>  1 

.'  1 

17 


18 


12-1 

S 

10 

7 

li 

5 

'3 


i-i 

8 

9 
*» 

6 
23 

1 

i 


AL'O.    : 


s 

17 


2( 


13 

1 
( 

40 


.4-S 

I 

m 

8 
33 


iiiie.  It  has  rctimrc^; 
"rder  to  prevent  th 
■  1  the  surface. 

6  A.  M.  TO  10  P.  M. 
t-6        «-7       7-»        «-» 


13 

33 

3 

SO 


15 
2i 


43 


IS 

17 
1 
1 

i? 


10 

2 


1< 


(■lOTotaL 
7         11! 

S        lit 

1  1( 


I< 


3CS 

SO 

20 


8 

2 

i 

4 
G 

4 
4 

4 
4 

3 
11 

6 
1; 

7 

:i 
i 

10 
^7 

12 

:8 

27 
b 

10 
IS 

2 

S 

3 

i 

•1 

172 

9 
15 

18 

1<! 
34 

1-. 
32 

11! 
S9 

41 

"1 
SO 

31 
71 

38 
71 

43 
93 

«0 
103 

43 

80 

1! 
30 

12 
U 

342 

70S 

upon  the  fact  that  the  disintegration  of  a 
'ini    surface  caused   by  this   class  of 
IS  a  function  of  the  two  closely  re- 
lated variables,  weight  and   speed. 

The  sub-division  of  horse-drawn  vehicle 
'     ■"'  cninmcrcial  and  pleasure  traffic 

primarily  on  account  of  the  dif- 
Uiw.  .i.  .leiKht  imposed  on  the  surface  of 
the  road  by  the  two  classes  of  traffic.  The 
further  sub-division  of  each  of  the  above 
classes  depends  mainly  on  two  facts:  (I) 
That    wear   caused   by   the   impact   of   the 


The  East  Providence  1906  road  is  a  part 
of  the  interstate  trunk  line  connecting  the 
cities  of  Providence  and  Fall  River  and 
an  interstate  trunk  line  passing  through 
manv  towns  and  summer  resorts.  The  sur- 
face was  built  of  l^^cal  stone,  consisting  of 
a  nii.xture  of  chlorite  gneiss  and  indurated 
sandstone.  Continuous  repairs  have  been 
necessary  to  prevent  disintegration. 

The  East  Providence  19ii7  road  is  a  part 
of  the  same  trunk  line  as  the  lOOC  road. 
It  is  subjected  to  the  traffic  to  three  popu- 


The  Warwick  1906  road  is  a  part  of  the 
same  interstate  trunk  line  as  the  Narra- 
gansett  l!H)7  road.  Due  to  its  location  near 
Providence  it  is  a  part  of  several  intrastate 
tnink  lines  passing  through  thickly-settled 
districts.  The  surface  was  built  of  trap 
rock  from  Meriden,  Conn.  Continual  rav- 
elling and  disintegration  requires  constant 
repairing. 

The  Coventry  190,3  road  is  a  part  of  an 
interstate  trunk  line  passing  through  the 
central  western  part  of  Rhode  Island  and 


TABLB    IV.— TRAFFIC    ON    EAST    PROVIDENCE    1907    ROAD.    FRIDAY,    AUG.    28,    1908,    8  A.   M.  TO  6  P.   If. 

Motor  car  trafllc: 

Ruiui)>nuta  

Tourlnc  mr» — 

4-3   M-ftlll    

7  a^atii.  Ilmoualnea,  landauleta 

Motor  cycle* 

—       ■  '  tmfllc 

II'.--.  -afllc: 

or,.    :•  — leaded— I.  T 

R    T 

I'nloaded  — I.  T , 

R  T 

Two-liorKo   niigona— Loaded — I.  T 

R.  T 

ITnloaded-I.  T 

R.  T , 

Other      waeoni    —    Loadvd — 1.  T 

R.  T 

UnlOAded-l    T 

R  T 

Pleanure  vehicle  traffic 
One-home   vehicle"    -Ir.n    II' 
UuI.Iht    III 
Two-hor»«  vehlrlvK-  ln>n  ili 
RuMxrr  tli. 

'r  .Irawn  V' 


A.  M. 

8-9 

9-10 

10-11 

11-12 

P.  M. 

12-1 

1-2 

*-3 

3-4 

4-5 

5-« 

Total 

: 

4 

4 

3 

4 

! 

7 

8 

3 

4« 

IS 

9 

8 

4 

g 

11 

!1 

13 

25 

13 

127 

i 

i 

*  * 

1 

1 

1 

8 

*»<» 

T3 

13 

9 

1! 

13 

27 

:i 

34 

17 

181 

19 

16 

s 

3 

8 

8 

13 

8 

102 

'5 

'4 

'2 

J 

7 

3 

4 

3 

S8 

'» 

i 

3 

1 

1 

! 

3 

4 

« 

3( 

t 

;.' 

2 

1 

< 

> 

11 

'• 

'  • 

i 

i 

] 

". 

"i 

i 

i 

3 

• 

3 

5 

7 

1 

It 
:> 

t  ■ 

■•1 

:-: 

14 
23 

11 
21 

19 
22 

21 

29 
(0 

n 

ii 

88 

4U 

hoofs  of  horses  necessarily  varies  directly 
with  the  numher  of  horses,  and  (2)  that 
weight  per  Mjuare  inch  of  the  tire  on  the 
roail  surface  likewise  varir-.  nltln-ch  nnt 
directly,  with  the  n'y 
The  division  of  the  ■. 

ated    under   .•..mkiut  ■;.;!    •  ■  <1 

and  iinl"ad'-d   m  hi  |i--   1,  'he 

variation  m  weight.      Ihe   ini:   .•  '  >  .ii>i..i")n 
of  all  classes  of  horse-drawn  vehicle  traffic 


lar  summer  amusement  resorts  in  addition 
to  the  traffic  on  the  I!*"**'  I'ld  'I'tie  sur- 
face was  built  of  bitumn  with 
the  surface  of  the  No  I  bv 
■ing  with  coal  tar  or  K\,i.o  asphalt, 
surface  is  in  perfect  condition  at  pres- 
■  nt. 

The  Narragansctt  1907  raid  is  a  part  of 
the  interstate  trunk  line  connecting  Boston, 
Providence.    Narragansett    Pier,  and    New 


into   C  M    present    about    five 

miles   r.  'inpleted,  hence  the  high- 

way is  prarlic.-illy  a  feeder  to  a  t)'pical 
country  tliririrt  of  70  s<j.  miles.  The  sur- 
face w  '  •  trap  rock  from  Meri<lcn. 
Conn.  ,rily  to  ravelling,  Ircipient 
r<;  iry. 

'"T  road  is  a  part  of  an 
inii.i-i.i.v  ii,,,.r.  line  passing  through  a 
scries  of  mill  towns  terminating  in  the  citjr 
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TABLE    v.— TRAFFIC 
Motor  car  traffic: 

:    OX    X 
A 

10 

aRF 

M. 
-11 

5 

2 

iAGANt 

11-12 
2 

19 
4 

jETT    19U' 
P.  M. 
12-1 

9 

20 
3 

ROAD 

1-2 

4 

19 
1 
1 

SUNDAY, 

2-3            3-4 

4                5 

26              26 
1                3 

JULY   19. 

4-5 

6 

30 

11 

1 

1908.   10 

5-6 

IS 

28 
10 

A.   M. 

6-7 

31 
13 

TO    10 
7-8 
4 
13 

P.    M. 

8-9 
2 

6 

1 

9-10 

1 

2 

1 

Total. 

Touring  cars — 
4-0   seats    

992 

7  seats,  limousines.  landaulets 

Motor  cycles 

55 

2 

Total  motor  car  traffic 

7 

1 

1 
8 

2.5 

1 

1 

2 
27 

32 

2 

2 

4 
36 

25 
25 

31 
1 

1 
2 

4 
35 

34 

3 

2 

5 
39 

48 

3 

1 

4 
52 

56 

3 

5 
61 

47 

1 
1 

2 
49 

24 

2 
26 

9 

10 

4 
4 

342 

Horse-drawn  vehicle  traffic: 
Commercial  traffic — 
One-iiorse  wagons — 

Loaded    —    L    T 

R.    T 

Unloaded— I.    T 

R.    T 

Two-horse  wagons — 
Loaded   —  I.    T 

1 

R.    T 

Unloaded —  I.    T 

R.    T 

Other  wagons — 

Loaded   —   I.    T 

R     T 
Unloaded—  I.'    T.'.'.'.W '.'.'. '.'..'.'.'.'.'.'.'.'. 

R.    T 

Pleasure   vehicle   traffic — 
One-horse  vehicles — 

15 

14 

Two-horse  vehicles — 
Iron    tires    

Total   horse-drawn  vehicle  traffic 

Total  traffic    

30 
372 

of  Providence.  The  surface  was  built  of 
local  granite.  The  surface  is  in  good  con- 
dition, only  ordinary  repairs  being  neces- 
sary. 

Table  I  contains  a  record  of  the  traffic 
on  the  highways  described  above  for  a 
period  of  eight  continuous  hours.  It  was 
the  intent  to  select  normal  periods  for  the 
various  sections  which  would  place  them 
all  on  the  same  basis  considering  their  loca- 
tion and  the  traffic  to  which  they  are  sub- 
jected. 

Tables  II  to  V  are  described  by  their 
respective  titles.  In  every  case  cited  the 
traffic  records  are  given  for  normal  con- 
ditions. 

The  conclusions  to  be  drawn  from  the 
records  contained  in  Table  I.  taken  in  con- 
junction with  the  status  of  the  macadam 
surfaces  of  the  various  sections  referred 
to,  aire  as  follows : 

(1)  The  amount  of  motor  car  traffic 
which  will  cause  disintegration  is  much  less 
than  is  generally  supposed,  as  is  shown  by 
the  amount  and  the  effect  of  the  traffic  on 
the   South   Kingstown    1905   road. 

(2)  In  tlie  case  of  two  roads  subjected 
to  practically  the  same  amount  of  motor 
car  traffic,  the  rate  of  disintegration  will 
depend  upon  the  location  of  the  road,  other 
conditions  being  equal.  For  instance,  the 
rate  of  disintegration  of  the  South  Kings- 
town 1905  road  is  more  rapid  than  in  the 
case  of  the  East  Providence  190()  road,  the 
former  being  located  in  an  isolated  district, 
the  latter  in  the  near  vicinity  of  the  city  of 
Providence. 

(3)  The  rate  of  disintegration  nf  an  nnli- 
nary  macadam  surface  will  vary  almost  di- 
rectly as  the  percentage  of  motor  car  traffic. 
.^s  e.xamples  of  the  above  conditions  the 
Coventry  J905  road  and  Warwick  1900 
road,  both  built  of  trap  rock,  and  the  Lin- 
coln 1907  and  the  South  Kingstown  1905 
roads  both  built  of  local  .granite  are  cited. 

(4)  The  popular  belief  that  trap  rock  is 
the  ideal  road  material  for  the  surface  of 
all  macadam  ronds  independent  of  the  na- 
ture of  the  traffic  to  which  they  are  sub- 
jected is  a  fallacy.  In  the  case  of  roads 
subjected  to  horse-drawn  vehicle  traffic 
consisting  of  pleasure  and  light  commercial 
traffic,  as  for  example,  the  Coventry  1905 
road,  or  subjected  to  motor  car  traffic, 
cither  exclusively  or  in  combination  with 
light  horse-drawn  vehicle  traffic,  as  for  ex- 
ample, the  Warwick  1906  road,  and  the 
trap     rock     surface     is     exceedingly     ex- 


pensive to  maintain.  This  is  due  to 
the  fact  that  very  little  dust  is  furnished 
by  abrasion  on  account  of  the  hardness  of 
the  broken  stone,  and  hence,  the  binder  be- 
ing absent,  the  surface  ravels  under  horse- 
drawn  vehicle  traffic  or  is  disintegrated  by 
motor  car   traffic. 

(5)  Bituminous  macadam  roads  require  a 
Scaled  surface  when  the  highway  traffic 
consists  of  a  combination  of  heavy  motor 
car  traffic  and  heavy  horse-drawn  vehicle 
traffic,  while  the  sealed  surface  is  not  a 
requisite  when  the  road  is  subjected  to 
only  heavy  motor  car  traffic.  The  East 
Providence  1907  road  is  an  example  of  the 
first  class  of  bituminous  macadam  roads, 
while  the  Narragansett  1907  road  is  charac- 
teristic of  the  second  class.  The  sealed  sur- 
face is  considered  necessary  for  the  first 
class  as  insurance  against  the  disintegration 
of  the  surface  due  to  the  liability  of  the 
loosening  of  the  exposed  No.  2  stone  bv 
blows  from  the  hoofs  of  horses  and  the 
rapid  enlargement  of  any  break  in  the  sur- 
face by  motor  car  traffic. 

Table  II  shows  a  more  marked  compari- 
son between  the  two  roads  than  Table  I. 

Tables  III,  IV  and  V  have  been  included 
in  tliis  paper  to  show  the  actual  distribution 
of  traffic  throughout  the  day  and  the  im- 
probability of  being  able  to  effectually  con- 
trol the  speed  of  motor  cars,  especially  in 
isolated  districts,  except  by  an  extensive 
organization  of  state  police. 


Notes     on     Road    Maintenance     and 
Repairs. 

In  the  spring  of  the  year,  on  roads  which 
have  been  drifted  and  on  which  the  snow 
lies  unevenly,  the  shallow  places  melt  first, 
leaving  the  gravel  or  stone  road  exposed  in 
vpots,  w-ith  mounds  of  snow  on  each  side. 
Here  the  pounding  action  goes  on.  Wheels 
drop  into  depressions  kept  soft  by  the 
melting  snow.  Pitch  holes  commence,  and 
.a  few  days  of  traffic  break  up  the  road  and 
do  a  great  amount  of  injm"y. 

Wheel  tracks  very  soon  form  after  a 
road  is  first  metalled  with  gravel  or  broken 
stone,  particularly  if  not  thoroughly  con- 
solidated with  a  roller.  In  forming  these 
tracks,  a  certain  amount  of  the  metal  is 
forced  downward  by  the  wheels,  but  a 
greater  portion  is  crowded  outward.  In 
this  way,  when  wheel  tracks  arc  not  filled, 
they  become  the  weakest  part  of  the  road; 


whereas  the  portion  of  the  road  supporting 
the  wheels  should  have  the  greatest 
strength.  These  tracks  or  ruts  should  not 
be  allowed  to  remain  in  the  road.  But, 
when  they  have  formed,  they  should  be 
filled  by  drawing  metal  into  them  again 
with  a  grading  machine  or  b\'  the  use  of  a 
rake.  By  giving  constant  attention  to  these 
tracks  until  the  road  is  thoroughly  con- 
solidated, keeping  the  road  in  proper  shape, 
and  the  road  metal  in  place,  the  wheel 
tracks  become  what  they  should  be,  the 
strongest  part  of  the  road,  almost  as  firm 
as  two  lines  of  solid  stone.  When  once  a 
well  shaped  road  has  been  given  a  proper 
form  and  is  thoroughly  consolidated  in  this 
way,  the  subsequent  cost  of  maintenance  is 
greatly  reduced. 

Shoulders  and  edges  of  turf  between 
the  metal  and  the  ditch  should  be  cut  off 
from  time  to  time,  taking  care  not  to  draw 
this  sod  and  earth  to  the  center  of  the 
metalled  road,  as  some  townships  have 
done  wdien  using  a  grading  machine.  These 
shoulders  are  made  up  of  dust  washed 
from  the  center  of  the  road,  and  they  in- 
terfere with  the  ready  flow  of  water  from 
tile  wheel  tracks  to  the  side  drains.  This 
material,  if  returned  to  the  top  of  a  hard 
covering  of  gravel  or  stone,  will  destroy 
the  road.  It  should  be  either  thrown 
across  the  drains  to  the  side  of  the  road 
and  leveled  off,  or  gathered  up  in  wagons 
;uid  used  to  till  a  low  grade  on  an  earth 
road,  or  wherever  it  can  be  used  to  ad- 
vantage. 

Whatever  material  is  used  in  the  con- 
■-truction  of  a  road  should  be  used  in  its 
repair.  Holes  and  depressions  on  a  clay 
road  should  be  filled  with  clay  ;  on  a  gravel 
road  they  sliould  be  filled  with  gravel,  and 
on  a  stone  road  they  should  be  filled  with 
broken  stone.  If  a  soft  material  is  used 
on  a  hard  road,  the  hole  will  quickly  reap- 
pear. If  a  harder  material  is  used  than 
the  road  is  made  of,  two  Iioles  will  be 
made  instead  of  one. 

If  a  pitch  hole  in  a  clay  road  is  filled 
with  stones  or  gravel,  holes  will  be  made 
hy  traffic  on  each  side  of  the  hard  ma- 
terial. If  broken  stone  is  used  to  repai" 
depressions  and  holes  on  a  gravel  road,  a 
hole  will  be  cut  through  on  each  side  of  the 
patch  of  broken  stone,  where  wlicels  of 
wagons  drop  on  the  softer  gravel. 

Do  not  allow-  hollow,  ruts  or  puddles  to 
remain  on  the  road,  but  fill  them  at  once : 
if    an    earth    road,   use   earth:    if    a   gravel 
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UM*    gravel;    if    a  -  «tonr    ruail,    ii»' 

litvp    litilr>    in    isravrt    and    -inue    r(>;i«K 
>li<itil<l    liuvr    the    carlti    anil    ><>tl    material 
.mil  uiil  «(  them  t)cfi>ri-  pultinK  in  new 
■    I 

In    anil    liiilr't    shinilil    In-    lilli-il   a    lilllr 
r  than  tile  Mirlacr  nl   il»-  nuil  >•>  that 
::.>:i    will    not    lie    a    ilt prv'Mon    when    the 
inatirial   i>  ciinM>liilati-il. 

Kii|i  weeds  ami  viil  cnt  away  from  the 
Mcr»  "I  Kravel  and  •.tun,-  riiads  hy  the 
-I'inal  Use  nf  the  KradiiiK  machine. 

LiMiNe   >t>me>   shuuld  lie    raked   into  pilo, 

III    lie    taken    up    hy    a    wa^nn    and    hauled 

I'he   stone  %liiiuld  he  enllected  in  a 

uienl   place  In   lie   umiI  aflirward    (iir 

.  ...-i.HiK.  pulliiiK  in'"  I'lN.  iir  in  ^uch  other 

■  Manner  a-  iKca»iiiii  may  require 

All  ditches  and  drains  vlmulil  llnw  freely 
ill  the  early  spring,  sn  that  the  cold  water 
may  )h-  ilrawn  away  a^  quickly  as  pii>-.ilile, 
I'l  rnnitinK  'he  frost  to  come  out  of  tho 
>;:'  Ulld. 

It  the  ditches  are  nm  in  cnndilinn  to 
drain  the  macadam  prmnplly.  heavy  loads 
wdl  cut  iliroUKh  the  macadam  into  the  wet 
.iiid  vift  -nil  Miil,  forming  holes  that  are 
iiistly   to  re|>;iir. 

The  ends  of  culverts  should  he  watched 
III  see  that  they  are  not  ohstrucled  hy 
leaves,  grass  and  other  material.  Snow 
and  ice  should  he  removed  from  culverts 
whenever  there  is  an  accunmlalion  likely  to 
cau-e  iilistruction  in  case  of  a  thaw.  Spe- 
cial care  should  lie  taken  in  this  respect 
prior  to  llir  lime  of  spring  freshets. 

Water  '.hould  never  lie  allotted  to  stand 
iir  flow  in  the  wheel  tracks,  e-pecially  on 
steep  grailes.  care  heing  taken  to  preserve 
the  crown  «o  that  the  water  will  flow  to 
the  side  ditches. 

Waste  material  from  adjoining  farms 
-hould  not  he  allowed  on  the  roail.  .\ny 
per-iin  using  the  roadside  as  a  dumping 
gniund  for  stone  or  other  ruhliish  shmild 
lie  prosecuteil.  N'oxious  weeds  and  lirusli 
shi.uld  Ik-  cut  and  removed. 

l-">ir  the  surface  of  a  stone  road  never 
ii-e  •.i.iius  larger  than  will  go  through  a 
•-'inch  gage:  liner  is  prcferahle. 

L'se  chips  or  screenings  as  a  liinding  ma- 
terial on  stone  roads.  Mirth,  sod,  dust  and 
-imilar  soft  material  will  ruin  the  hest  road 
<-ver  huilt. 

!)•■  not  alliiw  du-t  and  mud  to  lie  on  the 
surface  of  a  gravel  or  -tone  mail.  Oust 
iK'Ciimes  nmd  in  wet  weather,  and  mud 
keeps  a  road  in  wet  condition  for  weeks, 
where  it  would  tiry  in  a  few  hours  if  the 
lilanket  of  mud  were  removed. 

The  rake  is  a  most  useful  tool  for  mak 
mg  repairs,  and  should  Ik'  frequently  used 
'in  gravel  and  stone  roails  to  keep  wheel 
tracks  tilled  with  the  metal  forced  out  of 
them  This  is  e-pecially  true  during  the 
lir-t   year  after  construction. 

On  earth  mad-,  eslahlisli  a  system  of 
rrgular  trealnu-iii  wiili  tlr     -nllt  I...'"  ilr.iu 

Road-    -Initild    n. 
Ihi-   1-   llie    iiiii-t    1  ■ 

tiirv    -\-tetn    of    making    re|i«iirs.       KciMirs 
-('••iiM  ••■•  ma«lr    "III  iince  a  year,  nor  twice, 
of  wear  appear.     Spe 
■Ie«l  in  early  spring  and 
i.ui.    .1-    .11    litest-    two    periods    much 
•I-   ilone   til   pre|>.ire    llu-    m.ids    fur   the 
.  ;  ..ling  seasons  of  |>articularh    -.>.r..  .-..n 
dilions 


Hids  are  now  l>eing  aske<l  hv  the  I'lirio 
Kico  Irrigation  Service  for  the  construction 
I'f  a  port ii  II  of  the  irrigatii'ii  system  for 
Porto  Ricn.  The  work  liid-  fur  uhirh 
ire  n|n-neil  lune  II 
Hull  of   .i)«iut    -I   Hi 

siphon* 
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Unclassified  and  (icncral  Articles 

u 

>ole:  This  section  is  devoted  to  methods  and  cost  articles  on  construction 
work  not  properlv  cumin;;  under  any  of  the  preceding  classifications. 

General  Specifications  for  the  Design 

of  Elevated    Tanks  and 

Stand  Pipes.' 

BV  (.    >V.    IIIKl  ll-Nilkli.  .\S.SI  C.    M.    .\M.   SOI.  C.  K. 

It  is  the  writer's  intention  to  suhmit 
herewith  a  general  specitication  for  the  de- 
sign of  elevated  tanks  and  stand-pipes, 
which  he  wishes  adopted  by  the  engineering 
profession.  As  far  as  he  knows  this  stili- 
ject  has  never  liefore  been  treated  for  this 
purpose,  and  it  is  therefore  his  most  sin- 
cere wish  that  e.xperieiiced  engineers  in  this 
field  will  oflfer  their  most  severe  critici-m-. 
in  order  to  make  the  filial  revised  specitica- 
tion a  sound  guide.  .Xttenticni  may  la- 
called  to  the  fact  that  this  specitication  has 
heen  used  by  the  writer  for  some  time,  and 
has  always  heen  applied  successfully. 

The  writer  wishes  u>  express  his  obligji- 
tions  to  .A.  F.  Reichmann.  M.  .\m.  Soc.  C. 
E.,  and  Mr.  J.  H.  IloflF,  for  assistance  in 
the  preparation  of  this  paper. 

LOADS. 

1. — The  dead  load  shall  consist  of  the 
weight  of  structural  and  ornamental  steel- 
work, platforms,  roof  construction,  piping, 
etc. 

'2. — The  live  load  considered  shall  be 
the  contents  of  tanks,  the  movable  load  on 
piriforms  and  roofs,  and  the  wind  pressure. 

3. — The  weight  of  water  shall  be  assumed 
to  be  !!•'<  lbs.  per  cu.  ft.,  and  that  of  crude 
oil  .Vi  lbs.  per  cu.  ft.,  1  cu.  ft.  of  fluid  In-ing 
equal   to  "i.iX  gals. 

4. — The  live  loads  on  platforms  and  nxifs 
shall  be  taken  at  *•  lb.  per  sq.  ft.,  or  a  •2Wt- 
Ibs.  concentrated  load  applied  at  any  point. 

•">. —  The  wind  pressure  shall  he  assumeil 
at  *'  lbs  per  sq.  ft.,  acting  in  any  direction. 
The  surfaces  of  eylindrical  tanks  exposed 
to  the  wind  shall  be  calculated  at  two-thirds 
of  the  diameter  multiplied  by  the  height. 

<>. — The  movable  live  load  on  platforms 
and  roofs  shall  not  be  considered  as  acting 
together   with  the   wind  pressure. 

fNIT  STR.MNS. 

". — .Ml  parts  of  the  structure  shall  be  pm- 
liortioned  so  that  the  sum  of  the  dead  and 
live  loads  shall  not  cause  the  strain-  to 
exceed    those  given    in   Table    1. 

TAHIJ-:    1 

I'miiihIh 
p«-r  HO.  In. 

Ti-nnlim    In    i.imIc    fl.-it.i   (net   urea) 1I,00U 

Tim  -    of    iilruetur<> 

1!  I«.000 

C:-  >     .  i^.min 


/ 

the  ratio  —  shall  never  exceed  I'jn  for  main 

r 
members  and  IWt  for  sinits. 

!• — Stresses  «lnc  to  wind  may  Ik-  neglect- 
ed if  they  are  less  than  i'l  per  cent  of  the 
combined  de,id  anil  live  loads. 

I"  — I'nit  strains  in  bracing  and  other 
memlK-rs  taking  wind  stresses  may  l>e  in- 
creased to  •jo.nnn  lbs.  per  s<|.  in.,  except  as 
-liowii   in   Section  9. 

11. — The  pressures  given  in  Talile  II  will 
Ik-  permissible  on  foundation-  and  In-aring 
plates. 

T.XBLK    II 

T...  - 
•  '   -  .    '  t 
.-Siift  einv. . 
( >^,ii,...r.    .  t , ..    

I  '■  >l  dry  cln\  '> 

II  « 

lii., ■.,   <•...,   <o<inse  aanil 

»• 
p.  ■ 
I,,,   ,..,.  ...    .. 

!• 

Ktl-i-'iii--      ii:ii'-t"ln- ."-t 

Flr»t-eUi««     Kninlti- ««0 

HETAtLS    OF    CtSSTUVCTlOS. 

I-. — The  plates  fonning  the  sides  of 
cylindrical  tanks  shall  he  of  difTir.-m  ili.nnc- 
ters,  and  shall  be  caulked   friii;  !••. 

No  foreign  material  shall  Ik-  .li.  ^n 

caulking. 

In  oil-tank  work,  t>oth  the  inside  and  the 
outside  of  the  tank  shall  be  lieveled  for 
caulking. 

13. — Joints  for  hori       ■   '  .iid   for 

radial    -earns    in    tbi  ins    of 

tanks  shall  preferably    ,.   

U. —  For  vertical  seams  Ia(i  inints  sliall 
he  usc<l  for  %.  -Vlti.  and  *»«-in  plates; 
double  butt  jnints  for  7-lti.  V4,  !t-Il>,  \.  and 
l-'t-Iii-in.  plates;  and  triple  butt  joints  for 
%.  I.l-lti,  and   1-in.  plates. 

1-V — Rivets.  %  in.  in  diameter,  shall  l»e 
used  for  \4  and  -Vlfi-in.  plate-;  rivets.  \ 
in.  in  diameter  for  %  to  H-in.  plates,  in- 
dusiv-c :  and  rivets.  "<i  in.  in  diameter,  for 
11- It!  to   1-in.   plates,   inclusive 

|i!.— Plates  more  than  %  in.  thick  shall 
Ik-  sub-punched  and   reamed. 

17. — The  minimum  iliickm  =-  ■f  itu-  plates 
for  the  cylindrical  pan  si'  The 

ihickne-s  of  tli-  plilr-  in  ittoms 

-hall  1  lower 

rim;  i-  nk. 

re  the 
II  nvesti- 

K„:..,  I 

!!•  Ijeforc 

'..  m.l; 


I*. —  l-or  compre--ioM  iiunilivr-.  the  per-  ''  ^oi.iiiii;-  -;iii|iw!:uig  iIu-  s.n 
missihie  unit  -train  of  1i;.immi  ||.  -hall  hi-  re  U-  rnnforce,!  :ii  the  hiwer  ; 
duced  by  the  formula  :  '' 

/ 
!i;.O0<i   _    70   —  ' 

r  " 

wliii.     r-i"  ''       working     strain     m 

Co'  in      pounds      pc 


f    the    spheric.! ' 

'  ■■         o,,,, 

re 
•I 


.nter       ' 

-.     in       '■ 
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24. — In  order  to  avoid  eccentric  loading 
Ofn  the  tower  columns,  and  local  stresses  in 
splii.uc,ii  uuitonis.  the  connections  between 
the  columns  and  the  sides  of  the  tank  shall 
be  made  in  such  a  manner  that  the  center 
of  gravity  of  the  column  section  intersects 
the  center  of  connection  between  the  spher- 
ical bottom  and  the  sides  of  the  tank. 
Enough  rivets  shall  be  provided  above  this 
intersection  to  transmit  the  total  column 
load. 

25. — If  the  tanks  are  supported  on  col- 
umns riveted  directly  to  the  sides,  addi- 
tional material  must  be  provided  in  the 
tank  pl.Ttes  riveted  directly  to  the  columns 
to  take  the  shear.  The  shear  may  be  taken 
by  providing  thicker  tank  plates  or  by  re- 
inforcement plates  at  the  column  connec- 
tions, while  bending  moments  shall  be 
taken  by  upper  and  lower  flange  angles. 
Connections  to  columns  shall  be  made  in 
such  a  manner  that  the  efficiency  of  the 
tank  plates  is  not  less  than  that  of  the  ver- 
tical seams. 

26. — For  high  towers,  columns  shall  have 
a  batter  of  1  to  12.  The  height  of  the 
tower  is  understood  to  be  the  distance  from 
the  top  of  the  masonry  to  the  connection 
of  the  spherical  bottom,  or  the  flat  bottom, 
with  the  cylindrical  part  of  the  tank. 

27, — The  bottom  plates  of  stand-pipes 
shall  be  not  less  than  .5-16  in.  thick,  and 
shall  be  provided  with  tapped  holes,  1%  in. 
in  diameter,  with  screw-plugs  spaced  at 
4-ft.  centers  to  allow  a  filling  of  cement  on 
top  of  the  masonry,  while  the  bottom  part 
is  being  erected,  in  order  to  secure  the 
proper  bearing. 

28. — Near  the  bottom  of  the  stand-pipe 
there  shall  be  provided  one  12  by  18-in. 
manhole  of  elliptical  shape. 

29. — Near  the  top  of  each  tank  and  stand- 
pipe  there  shall  be  provided  one  Z-bar  act- 
itig  as  a  support  for  the  painters'  trolley 
and  for  the  stiffening  of  the  tank.  The 
section  modulus  of  the  same  shall  be  not 
D' 

less  than  where   D   is    equal     to    the 

2.50, 
diameter  of  the  tank,  in  feet.     If  the  upper 
part  of  the  tank   is   held  by  the  roof  con- 
struction, this  may  be  reduced. 

30. — On  large  tanks,  circular  stiffening 
angles  shall  be  provided  in  order  to  pre- 
vent the  tank  plates  from  buckling  during 
windstorms.  The  distance  between  the 
angles  shall  be  located  by  the  following 
formula : 

900 

d=\ft  

D 
\where,  (/  =  appro.\imate    distance     between 
angles,   in   feet ; 
/^thickness    of     tank     plates,     in 
inches; 
D  =  diameter  of  tank,  in  feet. 
31. — The  top  of  the  tank  will  generally 
be    covered    with    a    conical    roof    of    thin 
platae ;  and  the  pitch  shall  be  1  to  6.     For 
tanks   up   to  22   ft.   in    diameter,   the   roof 
plates  will  be  assumed  to  be  self-support- 
ing.    If  the  diameter  of  the  tank   exceeds 
22  ft.,  angle  rafters  shall  be  used  to  support 
the  roof  plates. 

Plates  of  the  following  thicknesses  will 
be  assumed  as  self-supporting  for  various 
diameters : 

3-32-in.  plate,  up  to  a  diameter  of  18  ft. 
%-in.  plate,  up  to  a  diameter  of  20  ft. 
3-M-in.  plate,  up  to  a  diameter  of  22  ft. 
Kivets  in  the  roof  plates  shall  be  from 
%  to  5-16  in.  in  diameter,  and  shall  be 
driven  cold.  These  rivets  need  not  be 
headed  with  a  button  set. 

32. — A  trap-door,  2  ft.  square,  shall  be 
p'ovided  in  the  roof  plate.  Near  the  top 
of  the  higher  tanks  a  platform  with  a 
railing  shall  be  provided,  for  the  safety  of 
the  men  operating  the  trap-door. 


33. — .^.n  ornamental  finial  shall  be  pro- 
vided at  the  fop  of  the  roof. 

34.— A  ladder,  1  ft.  3  in.  wide,  shall  be 
provided  from  a  point  about  8  ft.  above  the 
foundation  to  the  top  of  the  tank,  and  also 
one  on  the  inside  of  the  tank.  Each  ladder 
shall  be  made  of  two  iVz  by  %-in.  bars 
with  %-in.  rungs.  On  large,  high  tanks, 
30  ft.  or  more  in  diameter,  a  walk  shall  be 
provided  from  the  column  nearest  the  lad- 
der to  the  expansion  joirit  on  the  inlet 
pipe. 

S'). — In  designing  tanks,  6  in.  additional 
height   shall  be  allowed   for  over-run. 

3(3. — The  bracing  in  the  towers  shall  be 
adjustable. 

37. — The  size  of  the  anchor-bolts  shall 
be  determined  by  the  uplift  when  the  tank 
or  stand-pipe  is  empty.  The  unit  strains  in 
the  anchor-bolts  shall  not  exceed  1-5.000  lbs. 
per  sq.  in.,  and  the  minimum  section  shall 
be  limited  to  a  diameter  of  iVi  in. 

38. — The  concrete  shall  be  assumed  to 
have  a  weight  of  140  lb.  per  cu.  ft.,  and 
shall  be  sufficient  in  quantity  to  take  the 
uplift. 

39. — Any  parts  of  the  tank,  stand-pipe, 
or  tower,  in  which  difficulties  may  arise  in 
field  riveting,  shall  be  assembled  in  the 
shop,  and  marked  properly  before  shipment. 
40. — The  structural  material  shall  con- 
form to  the  "General  Specifications  for 
Steel  Railroad  Bridges"  by  the  .American 
Railway  Engineering  and  Maintenance  of 
Way  Association. 

41. — The  workmanship  shall  be  in  ac- 
cordance with  the  Manufacturers'  Standard 
Specifications  of  Feb.  6,  1903. 

42. — Before  leaving  the  shop  all  work 
shall  be  painted  with  one  coat  of  approved 
paint,  excepting  the  laps  in  contact  on  the 
tankwork.  All  parts  which  will  be  inac- 
cessible after  erection  shall  be  well  painted. 
After  erection,  the  structure  shall  be  cov- 
ered with  one  coat  of  the  same  paint. 

43. — Three-ply  frost-proof  casing  shall 
be  provided,  if  necessary,  around  the  inlet 
pipe.  This  casing  shall  be  composed  of  two 
layers  of  1  by  2%-in.  lumber,  and  each 
layer  shall  be  covered  with  tar  paper,  and 
one  outside  layer  of  %  by  2%-in.  dressed 
and  matched  flooring.  The  lumber  shall  be 
in  lengths  of  about  12  ft.  A  1-in.  air  space 
shall  be  provided  between  the  layers  of 
lumber,  and  wooden  rings  or  separators 
shall  be  nailed  to  them  every  3  ft.  The 
frost  casing  may  be  made  square  or  cylin- 
drical. 


Results    of    Tests   of     Brick   and   of 
Terra  Cotta  Columns. 

Thirty-two  columns,  16  of  brick  and 
16  of  terra  cotta  blocks,  have  been  tested 
at  the  University  of  Illinois  Engineermg 
Experiment  Station  and  the  results  made 
public  in  a  bulletin  prepared  bv  Profs, 
A.  N.  Talbott  and  D.  A.  .\brams.  The 
length  of  the  columns  tested  varied  from 
10  ft,  to  12%  ft.  The  brick  columns  were 
12%  ins.  square  and  the  terra  cotta  col- 
umns ranged  from  8%  ins.  to  17%  ins. 
square.  The  brick  used  in  the  construction 
of  the  columns  were  of  two  grades — an 
excellent  class  of  building  brick  and  a 
soft  grade  selected  as  representative  of 
inferior  brick.  The  terra  cotta  blocks 
were  of  good  quality.  Different  qualities 
of  mortar  and  different  grades  of  work- 
manship were  used.  The  loads  were  ap- 
plied continuously  to  failure  in  most  cases, 
but  tests  were  also  made  with  repeated 
applications  of  the  same  load.  Central 
loading  of  the  column  was  used  in  most 
cases,  but  in  some  tests  the  load  was  ap- 
plied eccentrically. 

Both  brick  columns  and  terra  cotta  block 
columns   gave   high   strengths  in   all   cases 


where  strong  mortar  and  care  in  building 
were  used.  For  central  oading  the 
srength  of  the  brick  columns  ranged  from 
3,220  to  4.110  lbs,  per  sq,  in.,  and  the 
strength  of  the  terra  cotta  block  columns 
from  2.700  to  3,790  lbs.  per  sq.  in.,  the 
columns  having  the  highest  resistance  not 
failing  at  the  full  capacity  of  the  ma- 
chine. The  effect  of  the  strength  of  the 
mortar  is  apparent  in  the  carrying  capac- 
ity developed  in  the  columns.  Lower 
loads  were  found  in  columns  built  with 
1-5  Portland  cement  mortar  than  in  those 
with  1-3  Portland  cement  mortar,  still 
lower  loads  in  those  with  1-3  natural  cem- 
ent mortar,  and  still  lower  loads  in  those 
having  1-2  lime  mortar.  The  effect  of 
the  quality  of  the  brick  is  shown  in  the 
columns  made  with  inferior  brick,  which 
carriid  only  31  per  cent  as  much  as  col- 
umns built  with  the  better  grade  of  brick. 
In  the  case  of  the  terra  cotta  columns, 
the  blocks  which  were  culled  out  as  some- 
what inferior  gave  a  column  strength  per- 
haps 30  per  cent  less  than  the  columns 
built  with  superior  blocks.  The  effect  of 
the  attempt  to  represent  hurried  or  care- 
less workmanship  in  two  brick  columns 
and  in  three  terra  cotta  block  columns 
was  a  loss  in  strength  of  about  15  per 
cent  and  25  per  cent,  respectively. 

The  ratio  of  the  strength  of  the  columns 
to  the  compressive  strength  of  the  indi- 
vidual hrick  and  block  is  of  interest.  In 
the  well-built  brick  columns  loaded  cen- 
trally, the  ratio  of  strength  of  column  to 
compressive  strength  of  individual  brick 
ranged  from  0.31  to  0,37,  and  in  the  under- 
burned  clay  brick  column  the  ratio  was 
0,27,  In  the  terra  cotta  block  columns 
with  central  loading  the  ratio  of  strength 
of  column  to  that  of  individual  block  was 
0.74  for  the  incompleted  test  and  0,83, 
0,8-5  and  0,89  for  the  others.  If,  as  seems 
to  be  the  case,  the  strength  of  the  brick 
or  block  to  resist  crossbreaking  i-;  an  ele- 
ment in  determining  the  strength  of  the 
built-up  column,  a  deeper  or  thicker  brick 
would  give  higher  column  strength.  It  is 
possible  that  this  partially  accounts  for  the 
fact  that  the  ratio  is  found  to  be  higher 
for  terra  cotta  block  columns  than  for 
brick  columns.  The  tests  suggest  that 
the  ability  of  individual  pieces  to  resist 
transverse  strength  is  an  important  ele- 
ment in  the  strength  of  the  completed  col- 
umn. This  suggestion  may  have  an  im- 
portant bearing  on  the  advantageous  size 
of  the  component  blocks  which  may  be 
used  in  a  compression  piece  where  high 
strength   is   desired. 

The  strength  of  the  column  is  greater 
than  the  strength  of  the  mortar  cubes  in 
hrth  brick  and  terra  cotta  block  columns, 
excepting  only  the  soft  brick  columns 
which  had  brick  of  low  compressive 
strength.  It  is  evident  that  the  strength 
of  individual  brick  or  blocks  and  the 
strength  of  the  mortar  both  enter  into 
the  resistance  of  the  column.  The  rela- 
tive effect  of  the  two  depends  upon  the 
character  of  the  material.  It  is  evident, 
however,  that  the  better  the  individual 
piece,  the  more  important  it  is  to  have  a 
mortar  of  high   resisting   strength. 

The  results  obtained  in  applying  the 
load  eccentrically  were  found  to  agree  very 
well  with  those  obtained  from  ordinary 
analysis.  When  the  amount  of  eccentricity 
in  the  application  of  the  load  is  known 
or  may  be  estimated  closely,  the  ability 
of  the  column  to  resist  this  action  may  be 
calculated  quite  closely.  It  is  apparent 
from  the  results  that  the  calculated  re- 
sisting stress  in  the  column  on  the  side 
of  maximum  compression  is  higher  than 
that  which  causes  failure  in  centrally  load- 
ed columns.  The  higher  stress  developed 
with  eccentric  loading  is  probably  due  to 
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the   infliirncc  of   the   restraint  of   the   lei* 

stressed   interior  portion       The  t---' '- 

by  applying  ami  rclrasiiii;  a  siiu 
numt>cr  of  times  gave  failure>  a; 
low  those  which  pr'xlin-rd  a  faihire  in  sim- 
ilar columns  at  a  single  uppluation  of  the 
load  The  phenomenon  is  common  in  ma- 
terials of  the  nature  of  brick  and  terra 
cotta. 

It  is  apparent  that  the  quality  of  work- 
manship in  laving  up  such  columns  has 
an  important  bearing  upon  the  resisting 
strength.  The  work  of  building  columns, 
however,  is  not  difficult  and  requires  only 
ordinary  care.  Full  joints  and  an  even 
bearing  arc  important,  and  the  ordinary 
workman  ought  to  be  able  to  construct 
columns  of  high  strength.  In  the  tests 
made  on  columns  intended  to  represent 
poor  or  careless  workmanship,  the  decrease 
m  strength  was  not  as  much  as  anticipat- 
ed However,  it  must  be  understood  that 
careful  and  trustworthy  work  is  essential 
and  that  a  few  poor  joints  will  materially 
reduce  the  strength  of  the  structure. 
Wherever  gtxsd  material  and  good  work- 
manship are  insured,  the  strength  of  ma- 
sonry of  this  kind  may  be  utilized  with 
advantage. 


LETTERS  TO  THE  EDITORS. 


The  Cost  of    Cellar    Excavation   with 
Revolving  Steam  Shovels. 

sirs.  IM.aS'-  advis.j  in.-  whir>'  I  inn  gel 
reliable  Information  on  comii  of  excavating 
ttuiiementa  fur  store  bulldlnKs  and  the  like 
with  a  small  revolving  steam  shovel  loading 
Into   wiigons. 

The  method  and  cost  of  excavating  a 
cellar  u>inK  a  Thcw  revolving  shovel  were 
given  in  our  issue  of  April,  lOOtJ,  p.  107.  A 
similar  description  also  giving  cost  was 
published  in  our  issue  of  April  15,  1905.  In 
this  second  case  the  shovel  used  was  a 
Browning. 


Methods  of  Elevating  Concrete  Direct 

from  Mixer  and  Chuting 

into  Forms. 

sirs;  Is  there  any  practical  scheme  for 
elevating  concrete  from  the  mixer  and 
spouting  It  Into  forms  for  snmll  Jobs?  Our 
particular  problem  Is  In  country  work— a  silo 
*n  ft.  high  this  week,  next  week  a  house 
32x32  ft  and  JO  ft.  high,  next  month  a  store 
bullilltig  .'lOxloo  ft.  nnd  30  ft.  high  or  a  stack 
40  ft  high,  mostly  reinforced  concrete.  The 
question  Is:  How  can  we  get  the  concrete 
from  the  mixer  to  the  forms?  An  outfit  Is 
WBiilitl  not  too  heavy  to  rnrt  iirnund  the 
country  and  nut  tix>  elal>«>rute  fur  sniull  Jfibs. 

Practice  affords  a  number  of  examplo 
of  plants  for  hoisting  concrete  direct  from 
the  mixer  and  dumping  it  automalically 
into  elevated  hoppers  or  bins  from  which  it 
is  spouted  or  chutcd  into  the  forms.  Such 
plants  have  been  used  mostly  for  large 
structures,  but  we  sec  no  reason  why  in 
modilii'il  form  and  smaller  si/rs  thry  shouhl 
not  be  adaptable  to  ihc  class  ol  work  de- 
scribed by  our  correspondent  Tb'  '■-'■'■  'f 
hoist  is  essentially  a  properly  b; 
coltmm  tower  inside  which  ih' 
bucket  travels  up  and  down  like  an  elrva- 
tor.  When  at  the  Ixittom  of  the  tower  the 
bucket  stands  under  the  dis'  'it  of 

the  mixer.     Hy  means  of  tn;  '   de 

vices  the  bucket  overturns  p.iri>    1'   .my  ilr 
.sired  point  in  the  height  of  the  tower  and 
discharges   its  contents   into  a   h"'""  '    -"•■ 
ported    on    the    tower    or    by    it: 
slaging.     It  wouM  appear  to  be  a 


no  great  difficulty  so  to  construct  such 
hoists  that  they  could  be  taken  ilown,  load- 
ed, transported  by  wai;iiii  and  reerected. 
Ihc  component  steel  or  iihIm  :  ni.-mi.ers  of 
the    tower    could    be   arrai  It    to- 

gether, the  bucket,  cable,  ^i  ,  need 

not  be  large  or  heavy  for  snull  work,  and 
chutes  can  be  made  of  sections  of  galvan 
ized  steel  pipes.  The  hoist  could  be  oper- 
ated by  the  engine  that  operates  ihe  mixer. 
Hoists  of  tlic  type  mcnlioned  are  made  by 
the  Ransome  Concrete  Machinery  Co.,  l)u- 
nellcn,  .\'.  J.,  the  Wallace  Hoist  Sales  Co, 
Ft.  Wayne,  Ind.,  the  Municipal  Kngineering 
&  Contracting  Co.,  Chicago,  III,  the  Chi- 
cago Concrete  Machinery  Co.,  Chicago,  III., 
the  T.  L.  Smith  Co.,  Chicago,  111.     A  dis- 
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fngc-  Confr 
Fig.    1 — Stopping    Slab    Over    Girder, 

cussion  of  the  possibilities  of  chuting  con- 
crete into  forms  will  be  found  in  Ent.i- 
NKF.Ri.NG-CoNTRACTixc,  April  7,  1907.  "Con- 
crete Construction — Methods  and  Cost,"  by 
Gillette  and  Hill  also  contains  data  on 
chuting  and  on  concrete  hoists.  For  not 
too  great  elevations,  say  under  30  ft.,  a 
plant  resembling  the  familiar  portable  stone 
crushing  plant  so  commonly  employed  in 
macadam  roadwork  would  seem  to  be  a 
possible  solution  of  our  correspondent's 
problem.  The  crusher  would  be  replaced 
by  a  mixer,  the  screens  eliminated  and  one 
bin  or  hopper  used  instead  of  two  or  more 
—  Fdlt'T'; 


The  Proper  Place  for  Stopping  a  Day's 
Run  in  Concreting  Floor  Slabs. 

sirs:  I  am  In  a  discussion  n-lth  the  archi- 
tect's superintendent  on  some  reinforced 
eonerete  work  as  to  the  proper  or  twst  place 
to  stop  a  day's  run,  over  a  beam  or  twtween 
beams.  He  contends  thot  the  joint  should 
he  made  over  a  beam  In  the  manner  shown 
by  Fig.  t.  My  Idea  Is  tliat  It  should  be 
broken  between  beams,  as  shown  by  Fig.  2. 
I  would  appreciate  It  ver>-  much  of  you 
would  rite  mc  some  authority  nn  the  sub- 
Jeet  or  discuss  It  In  Knglneerlng-Con- 
tructlng. 

Both  of  the  methods  of  stopping  off 
work  which  are  described  by  our  corre- 
spondent   are    sanctioned    by    practice,    but 


over  the  beam  or  mid-span  of  the  slab,  ia 
a  question  of  opinion.  If  the  stop  is  made 
over  the  beam  it  conies  where  there  ii 
neither  shear  nor  bending  n..  rn'-ut  but 
where   the    reinforcement    is  lex 

aiul.    consequently,    where    a    .  i    is 

hard  to  secure.  It  also  makc!.  iiiiccrtain 
any  assumption  of  T-beam  action  of  the 
slab  and  beam.  If  the  stop  is  made  at 
niid-span  it  comes  where  there  is  no  shear 
and  where  the  slab  reinforcement  is  most 
simple,  but  where  the  bending  moment  il 
the  greatest.  With  the  stop  ■'  ">i.l  ••pan 
the  slab  and  beam  can  W  m^  her 

to  give  the  T-beam  section   w  nts. 

From  these  points  it  is  easy  to  see  how 
opinion  may  differ  as  it  does  as  to  choice 
of  place  for  stopping  ofT  work  in  con- 
creting slabs. 

Of  late,  practical  constructors  have  shown 
a  tendency  to  discount  the  importance 
of  restricting  stops  or  joints  in  slab 
work  to  certain  predetermined  places.  This 
has  come  about  from  the  increasing  evi- 
dence that,  with  reasonable  care,  practical- 
ly perfect  joints  are  practicable.  .-Vssuming 
that  perfect  joints  can  l>e  secured,  it  Is 
clear  that  it  is  immaterial  where  work  is 
stopped  off.  In  our  issues  of  Feb.  'i\  and 
March  .'?.  1909,  we  presented  a  summary  by 
Mr.  E.  P.  Goodrich,  M.  Am.  Soc.  C.  EL.  of 
tests  made  on  concrete  joints.  .As  a  re- 
sult of  this  summary  and  of  a  series  of 
tests  made  by  himself,  Mr.  Goodrich  con- 
cludes that,  if  proper  bonding  methods  are 
adopted,  with  acid  and  grout,  work  may 
be  stopped  along  4.5-degrcc  planes  at  any 
point  in  a  beam,  at  pleasure,  between  the 
ends  and  the  third  points. 

Practically  the  same  position  is  taken  by 
Mr.  Ernest  McCullough  in  his  paper  print- 
ed in  our  issue  of  .April  U.  I!X"i;)  Mr. 
Goodrich's  discussion  referred  to  above  is 
particularly  complete  and  should  be  read 
by  our  correspondent  and  all  other  con- 
crete workers  interested  in  the  question  of 
joining  new  concrete  to  old.— Editors. 

Amounts  of  Water  Required  for  Dif- 
ferent Mortor  and  Concrete 
Mixtures. 

sirs:  In  a  recent  eonini.-i  .  ■.nulstlng  of 
2.000  ft.  of  curbing,  and  3«.00<j  s<j.  ft.  of 
sidewalks,  a  dispute  has  arisen  over  th* 
amount  of  water  used  The  water  i-umpaay 
at  this  point  luis  no  meters,  depending  al- 
together on  guess-work  for  the  amount  of 
water  furnished  contractors,  and  tlielr 
guesses  are  always  high  enough.  The  curb- 
ing Is  18  Ins.  In  height  and  <  Ins.  broad. 
S  Ins  exposed  at>ovo  Ihe  ground.  Tho  back 
side  of  the  curbing  Is  not  faced,  the  sMo- 
walk  Is  composed  of  S  Ins.  of  eonerete  b««e. 
ami  I  In  lop  dressing.  The  conireie  In 
tK>th     the     sidewalk     and     curb     Is    composed 
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Fig.  2 — Stopping  Slab  at    Midipan. 
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the  preference,  perhaps,   has   been   for   the 
stop  over  the  beam.     The  necr 
Iccting    any   particular    p«iint    i  t: 

work    rests,   of   course,   on    ihr  n 

that    perfect    joints    cannot    !>• 
Iween    old    and    new 
is  to  make  the  joint-  • 
s»   ii...   point    where   i 
-s    will   least    1- 
i!i        Whether   ' 


of  I  lart  eemrnl,  !^  parts  aaod  and  t 
l>arts  gravel,  the  top  dressing  In  tjoth  the 
curb  and  Ihe  sidewalk  rointwsed  of  1  part 
cement   to  !  parts  sand. 

This    work    was   laid    Into    In    the    tall   and 

■to  was   mixed    very    sllff.      I    e»U- 

amouni    of    water    use<l     by    th* 

•  •     '•■    ••'■'••■■,   "Hand    Rook   of 

'.   made  the  amount 

IS.OOO     and     IT.Oio 
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gallons.  I  would  like  this  amount  checkeil 
and  confirmed  if  it  is  correct  by  the 
Engineering-Contracting.  I  do  not  wish  to 
take  up  tlie  time  of  your  men  for  notli- 
ing.  but  as  I  intend  to  do  a  good  deal  of 
work  at  this  point,  it  is  a  matter  of  con- 
siderable importance  for  me  to  get  some 
understanding  about  the  amount  of  water 
charged   for  1>\-   the   water  company. 

The  amount  of  water  required  for  any 
specified  mortar  mixture  depends  first,  of 
course,  upon  the  consistency  or  degree  of 
wetness  of  the  mixture.  Our  correspond- 
ent describes  the  mixture  employed  by  him 
as  being  "very  stiff."  Consistency  or  de- 
gree of  wetness  being  fi.xed.  the  amount  of 
water  required  to  produce  that  consistency 
will  depend  upon  the  age,  fineness  and 
character  of  the  cement,  upon  the  amount 
of  voids  in  and  the  nature  of  the  sand  and 
upon  other  conditions.  None  of  these  in- 
fluencing data  appear  in  our  correspond- 
ent's inquiry.  The  answer  requested, 
therefore,  must  be  based  on  an  assumption 
of  average  conditions.  It  is  also  assumed 
that  the  stone  witli  which  the  mortar  is 
mi.xed  to  make  concrete  does  not  take  up 
any  material  amount  of  the  mixing  water  ; 
otherwise  another  variable  is  introduced 
and  one  to  which  it  is  hard  to  give  a  value. 

The  rule  mentioned  by  our  correspondent 
as  it  is  given  in  "Concrete  Construction 
Methods  and  Cost,"  by  Gillette  and  Hill,  is 
as  follows : 

Multiply  thr  parts  of  sund  by  S.  odd  2ji 
to  the  product  mid  divide  the  total  by  the 
sum  of  the  parts  of  sand  and  cement. 

This  rule  is  true  only  for  wet  mixtures 
such  as  are  most  commonly  employed  ai 
present :  it  gives  more  water  than  is  re- 
quired for  a  very  stiff  mi.xture  so  that  its 
use  in  the  case  mentioned  by  our  corre- 
spondent is  liberal  to  the  w-ater  company. 
It  gives  the  percentage  by  weight  of  water 
required.  These  percentages  for  various 
mortar  mixtures  commonlv  employed  are : 

Morta.-  I'l     l-lVi;     1-2     1-2%     1-3     1-4 

Per  cent  water  16      14.4  I313        12.6       12    12.2 

To  obtain  the  quantity  of  water  required 
in  gallons  solve  the  follow-ing  equation : 
(Czv+Szv').P_ 

.r  in  whicli 

8.3.55 

C^  volume  of  cement  in  barrels. 

.S'^  volume   of   sand   in   cubic   yards. 

it'=  weight  of  cement  pounds  per  barrel. 

^(■'^  weight  of  sand  in  pounds  per  cubic 
yard. 

/'^per    cent    of    water    determined    by 
rule. 

8.355  =  weight  in  pounds  per  gallon  of 
■    water. 

;r=gallonsof  water  per  cubic  yard. 

To  illustrate  by  an  example  we  will  take 
a  1-2%  iTiortar,  assuming  the  sand  to  have 
35  per  cent  voids,  a  barrel  of  cement  to 
yield  3. Co  cu.  ft.  of  paste  and  to  contain  3.S 
cu.  ft.  of  cement.  From  Table  X  in  "Con- 
crete Construction — Methods  and  Cost"  .we 
find  that  1  cu.  yd.  of  l-'iVz  mortar  under 
the  conditions  assun^ed  requires  2A'>  bar 
rels  of  cement  aiid  0.9  cu.  yd.  of  sand. 
From  the  rule  given  above  we  find  that  a 
1-2%  mortar  requires  12.(5  per  cent  by 
v^feight  of  water.  Substituting  these  values 
in  the  equation  given  we  have: 
[  (2.45X380 )  -I-  (0.9X2900)  ]  12.6 

^.r=53    gal. 

8.355 

The  quantities  of  water  given  in  1  ables  1, 
II  and  III  have  been  calculated  in  this 
manner.  For  cement  the  standard  weight 
of  380  lbs.  per  barrel  is  assumed.  For 
sand  a  weight  of  2,900  lbs.  per  cu.  yd.  has 
been  assumed  for  Table  I,  and  of  2,500  lbs. 
per  cu,  yd.  for  Table  11;  these  are  about 
what  silicious  sand  containing  35  per  cent 
and  45  per  cent  voids,  respectively,  will 
weigh.     For  average  sand  we  may  assinne 


a  weight  of  lUU  lbs.  per  cu.  ft.,  or  2,7imi  lbs. 
per  cu.  yd.,  which  is  the  weight  assumed  in 
computing  Table   III. 

Turning  now  to  tlic  specific  example 
given  by  our  correspondent  we  have  in 
36,000  sq.  ft.  of  3-in.  base  slab  36,000XV4 
■  =  9,000  cu.  ft. ;  9.00(1  H-  21  =  3.34  cu.  yds., 
and  we  have  in  36.000  sq.  ft.  of  1-in.  finish 
36,000  X  rV  =3,(100  cu.  ft. ;  3,0ii(i  ^  27=1 12 
cu.  yds.  From  Table  I  we  find  that  1  cu,  yd. 
of  1-2  mortar  requires  54  gals,  of  water  :  then 
112  X  54  ^=  6,048  gallons  of  water  required 
for  top  finish.  From  Table  III  we  find  that 
1  cu.  vd.  of  l-2%-5  concrete  requires  23 
gallons  of  water  ;  then  334  X  23  =  7,682 
gallons  of  water  required  for  base  slab.  .'K 
curb  18  in.  X  6  ins.  has  a  cross  section  of 
0.75  sq.  ft.;  then  3,nOO  X  0.75  =  2,2-50  cu. 
ft.  =  46.3  cu.  yds.  Then  46.3  X  23  =  1.065 
gallons  is  the  amount  of  w-ater  required 
for  the  curb.  Adding,  we  have  6,048  -|- 
7.(382  -I-  1.065  =  14,795  gallons  of  water  re- 
Table  I. — Ingredients  in  1  Cubic  Yard  of 
Mortar. 
(Voids  in  sand  35%;  1  barrel  of  cement 
yielding  3.65  cu.  ft.  paste;  barrel  specified 
3.8    cu,     ft.) 

Proportions     .    1-1  l-l^i     1-2    1-2%     1-3       1-4 
(barrels         ce- 
ment       4.09     3.33     2.81     2.45     2.16     1.62 

Cu.   yds.   sand. 0.6       0.7       0.8       0.9       1.0       1.0 
Gals,     water..     63        57        54        53        53        47 

Table    II. — Ingredients    in    I    Cubic    Yard    of 
Mortar. 
(Voids  in  sand  45%;  1  barrel  cement  yield- 
ing   3.4    cu.    ft.    of  paste;    barrel   specified    3.S 
cu.    ft.) 

Proportions     .   1-1  l-iy»     1-2    1-2%     1-3       1-4 
Barrels          ce- 
ment       4.32     3.61     3.10     2.72     2.16     1.62 

Cu.   vds.   sand. 0.6       O.S       0.9       1.0       1.0       1.0 
Gals,   water    . .     60        58        54        53        48        41 

Table    HI. — Ingredients    in    1    Cubic    Yard    of 
Concrete. 

iSand   voids    40%;  stone   voids  ■  45%  ;1    bar- 
rel cement   yielding  3.65  cu.    ft.   paste:   barrel 
specified  3.S  cu.   ft.) 
Propor-' 

tion  .1-2-4  1-2-5  1-2-6  l-2%-5  l-2%-6  1-3-4 
Barrels 

c  e- 

ment       1.46    1.30      Lis        l.i:;  1.00      1.25 

Cu.  yds. 

sand    .    0.41    0.36      0.33        U.40  0.35      0.53 

Cu.  yds. 

stone       0.82    0.90      1.00        O.SO  0.84      0.71 

Gals. 

water.       26       23         21  23  20         27 

Propor- 
tion   .1-3-5   1-3-6   1-3-7        1-4-7        1-4-S  1-4-9 
Barrels 

c  e  - 

ment        1.13     1.05       0.96         0.82  0.77       0.73 

Cu.  vds. 

sand    .     0.48    0.44      0.40        0.46  0.43      0.41 

Cu.  yds. 

stone       O.SO    0.88       0.93         O.SO  0.S6       0.92 

Gals. 

water.        2a        23  21  21  19  IS 

quired  for  the  concrete.  The  estimate  of 
rmr  correspondent  would,  therefore,  seem 
to  be  very  liberal,  assuming  no  greater 
waste  and  amount  of  use  for  miscellaneous 
I)urpnscs  than   is   reasonable. — Editors. 

A  Question  of  the  Sufficiency  of  DM, 
SMx  and  SMy  in  Arch  Design. 

Sirs: — Having  been  engaged  lately  on  the  design 
of  arches.  I 'have  renewed  the  acquaintance  with 
^.1/.  J^Mx  and  ~My,  and  the  three  equations,  in 
which  they  occur,  namely, 

.^M=0  2Mx  =  0  and  SMy^O.  After  this  more 
intimate  acquaintance  with  them  I  have  ceased  to 
look  upon  them  with  the  same  favor  as  formerly 
and  would  like  to  raise  the  question  of  their  innate 
virtues  and  the  justification  of  their  claims  as  the 
equations  "par  excellence"  for  the  calculation  of  an 
arch. 

I  recognize  that  their  simplicity  of  form  and  the 
apparent  facility  of  their  application  are  attractive, 
and  I  believe  that  therein  are  found  the  reasons  why 
they  so  strongly  appeal  to  us.  However,  great  objec- 
tions may  be  made  against  their  continued  use.  and 
I  will  endeavor  to  state  them  and  partly  show  them 
in  the  following,  and  I  think  that  my  views  in  this 
matter  will  be  accepted  by  many  w-ho  have  had  occa- 
sion to  deal  with  one  or  more  of  the  problems  that 
are  connected  with  the  design  of  a  roof  arch. 


In  the  first  place,  the  equations  are  in  themselves 
meaningless  from  the  point  of  view  of  the  intelligence, 
and  lead  to  a  methodical  way  of  calculation  which 
would  not  be  so  objectionable  if  the  mind  could 
clearly  follow  the  proceeding  throughout.  In  their 
application,  besides,  a  very  strange  m.ethod  of  con- 
sideration is  follow-ed — a  methcd  that  never  should 
have  been  tolerated — much  less  developed.  This  odd 
conception  of  conditions,  or  cause  and  effect,  as  it 
may  more  properly  be  termed,  is  in  regard  to  the  de- 
formation of  the  arch.  The  arch  is  assumed  free  to 
move  out  at  one  end — the  tangent  there  remaining 
in  a  parallel  positicn.  under  influence  of  the  stresses, 
caused  by  the  loads  and  the  vertical  components  of 
the  reactions.  A  similar  virtual  displacement  is  then 
assumed  to  be  caused  in  the  opposite  direction  under 
influence  of  a  force  applied  at  that  end  and  directed 
toward  the  other  end.  where  it  finds  its  reaction. 
This  conception  is  understood  by  the  method  of 
reasoning  in  graphical  work  and  has  found  its  expres- 
sion in  ''the  closing  line  of  the  neutral  axis  as  a  polygon 
for  some  kind  of  loading  not  mentioned"  (being  un- 
mentionable). 

Now  we  may.  in  dealing  with  the  hinged  arch, 
assume' one  end  free  to  move — in  or  out — as  the  loads 
may  direct,  and  also  a  horizontal  force  to  bring  it 
back.  This  conception  is  rational  enough,  in  fact, 
imposed  by  the  theory  of  elasticity,  but  in  the  case 
of  a  rigid  arch  such  a  conception  is  not  very  lucid, 
to  say  the  least,  and.  therefore,  not  to  be  encouraged. 
Together  with  ^Mx  it  leads  to  a  confusion  of  ideas, 
from  which  rise  mental  obstructions,  interfering  with 
a  good  view  of  the  arch  problem  in  the  light,  in  which 
we  wish  to  lock  at  it.  As  they  stand,  the  equations 
are  only  applicable  to  the  very  limited  number  of 
cases  of  symmetrical  loading.  With  unsymmetrical 
loading,  as  wind-loads,  which  occur  in  almost  every 
case  of  a  roof  arch,  the  equations  do  not  furnish  the 
assistance  the  designer  expects.    Although  true,  they 


r, 


->^^^^ 


are  not  exactly  what  is  required,  for  they  irrpose  the 
obligation  to  return  to  their  original  form  for  the 
determination  of  the  anchoring  moments.  This  many 
do  unconsciously. 

The  application  of  the  principle  of  least  work  to 
the  calculation  of  arches  suggests  efforts  to  introduce 
more  rational  ideas  than  those  illustrated  by  the 
aforesaid  equations,  but  there  are  probably  greater 
difficulties  to  the  majority  of  designers  to  be  met 
with  in  the  use  of  this  way  of  calculation. 

In  spite  of  the  confusion  which  they  often  cause — 
either  in  one  form  or  in  another — .\'M,  Jil-/.r  and  JAIy 
are  very  popular  with  the  greater  nimiber  of  writers 
of  text  books  on  arches,  and  how  far  they  enjoy  the 
popularity  among  the  designers  I  cannot  say.  but  I 
am  inclined  to  think  that  they  are  in  great  favor, 
judging  only  from  the  great  ease  with  which  they 
allow  them  to  pass  over  rather  great  difficulties — 
often  unknowingly. 

Whether  2My  first  saw  the  light  in  the  pages  ot 
the  Encycloi)edia  Brittanica  <Chapter  on  Bridges)  or 
not.  I  do  not  know,  but  it  is  to  be  found  there  any- 
way as  one  of  the  coordinates  or  components  of  the 
assumed  or  virtual  displacement  of  one  end  of  the 
arch  relative  to  the  other  under  influence  of  the 
stresses,  caused  by  the  bending  moments,  which  are 
due  to  the  loads  and  the  vertical  components  of  the 
reactions.  J^Mx  is  not  referred  to  in  the  Encyclo- 
pedia, but-  it  follows  as  a  natural  consequence  from 
the  reasoning,  that  evolves  .TMy  =  0,  that  ^'Mx  =  0. 
It  is  not  literally  expressed  in  the  article,  that  the 
tangent  at  the  other  end  is  considered  fixed,  but  such 
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but   JA/.   J'.Ui  and   ZMy  refer  only  to  the 

ation  cau«ed  by  the  bendinK  moments,  which 

^  easily  understood  from  the  e<|uations. 

Pin    I  reprrvnt*  the  center  line  of  an  arvh.  held  in 

Its  scomethca]    position  at  A.      The  end  B  is  sup- 

(mM^I    to    be    entirely    free   and    the    reaction    there 

'  •)!«!  by  a  verlical  force      An  element  abed 

^rch.  when  subjected  to  stresses  from  bendinjt- 

'     "^  to  u5,  f,  J  (Fig,  2).  if  the 

jJ  were  the  actual  ones. 

iun  of  fixity  of  the  tangent 

at  A.     UTo.  the  tanuent  to  the  neutral  axis  at  ad, 
remainina  in  it*  [«siiicn      At  the  other  end  of  the 
•   the  tanKcni  OT  chanKcs  its  position  to  OTx. 
-    ATX  angle     "^"  with  its  former  i<cstiion.  the 
al    deviation    of    the   element,    which    angle 
Its  way  represents  the  deformation  of  the 
under    influence    of    the    avrraue    bending- 
"M"    within    it.      This   is  generally    found 
t-i  center  O.  the  coonlinatrs  of  which  are  x 
and  y.     These  cfx^rdinatcs   may   t*   assumed   to  be 
also  the  coordinate*!  of  the  loints  of  intersection  of 
the    tangents    before    and    after    the    deformation. 
If  TOB  be  con»iderr<l  a  rigid  system  of  lines,  its  posi- 
tion will  ihifi  to  TtOBi  with  the  deformation.  fiB,. 
being   the  dtsplacemenc   ol   B  corres[x>nd>ng   to  the 
'    '■  ■    '  "^"  of  the  element.   \Ut\c  BB^ 

:  angles  to  O/fancl  x\s  interaction 

'^•■"    ■'- ■•■   '     -    ".  of 

an 
ali- 
ne** ol  the  Angirx  invoivctl.  which  entitles  us  to  con- 
sider th«  a9r  HBj  TTint  to  th^  taMgrnt  HBu.  but  the 
real  aci  -  «-rein.  that  the  hori- 

•ontal    .  on  AB  and  AD  of 

BBi  anij  /w>ii    rr  .;<».•  i%r  \    arc  aMumed  to  be  alike 
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tile  infn  w.  --- , 

fuilurally  air  to  rauir  the  uune  virtual  diiplacnnml 
in  the  o|i(Kwite  ilirrettoi\. 

Thu»  I^y-O  ami   J'^.-O. 

Scekinfc.  now.  another  expreMton  fnr  the  anslc  ^. 
which  is  the  rrsutt  of  the  difTcreni'  n  the 

outer  and  inner  rhont^.  due  to  thr  ■■■  ml*, 

we  find  Ihi-  ri-tationn  betiAtcli  ll.c  various 

(actors  of  •  ion      The  radii  of  the  center 

line  before  ai;  i  .»mr  the  tit'  irc  r  and  fi 

(Fill.  2).  corrrsixmilinK  to  th.  ■.  .>  and  vS 

The  chaniie  in  lenKths  of  tin  .  .  :. Iters  of  the 

croaa-seciion  at  a  distance  "»"  from  the  center  line  is 
lib  — lib,.  As  oi  — tHr  +  r)  and  afci  —  vSi'i +').  we  get 
ab-ab,  -  ^  (r+«)- v\(r,  +  #)  -  i^-s;r,  +  (,>-^») 
and     oi  —  afri  —  ^f.  when  ^  —  t>—f^i  and  i>r  — i>ri. 

(The  tatter  is  an  approximation,  for  the  neutral 
axis  of  a  curved  element  does  not  coincitle  with  the 
center  line,  but  falls  s!tKhtly  inside  the  same.) 
ab-abx  may  also  be  expressed  in  the  length  "j"  of 
the  element  on  the  center  line. 

— — 1  +  — :  06-jf  1  +  — 1    and  if  TT  be  the  co- 

efficient  of  elasticity,  the  change  in  length  of  ab  (or 

a  unit  stress  C  is  il  1  +  — I  — p  ■  (7.       ^"TT     (""' 

ordinary  moment  eqv.  of  the  theory  of  elasticity, 
in  which  /  is  the  moment   of  inertia  and  lit  the 


(ormulas  that  have    been    iraosfamved    from    thair 
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moment  of  resistance  of  the  crott-sedion,  \l  the 
bending  moment  there  and  'V  aa  before.) 

Thu.*,r-,(l+;-)i.jL;.„d4._.(,  +  |)«, 

For  the  inner  chortJ  an  angle  ^ii-»(l \~y'i 

is  obtained.  The  uniformity  of  Ihe  coefficient  of 
elasticity  permits  us.  however,  to  consider  the  plane 
6c   ttill   a   plane    after    the   deformation,    that    is. 


*i-*i|Or^ 
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,  when  it  becomes  plain. 


2  El 

that  the  neutral  axis  paur«  inside  the  renter  line  of 
the  ur  -  -  .i.  or 

the  t.'  d  in 

the  c"ni.iii'in   .^?i-.     .»ii.i   -v>   -'■.   "t^'ii    >^■    ill. lain 

r^'-Oand  ^^-O. 
kl  kl 

Prom  these  equations  mayTsuch  factors  be  elimi* 

nated,  which  are  common  for  all  the  temu  of  the 

summation  a*  £  and  the  ratioy.     U  f  be  uniform 

i  into 

if/ 

-irch 

t'ton 

Thua  Ihe  equaiu>i 
-•A/. 
Th€\*  rt/Mtifit>Ni  ttrt;  ix'*  t»N  tJr.Jt  fi\4\i  uj  A  ami  kmp' 
fitfrtfj  til  li  ^v  il  ^IM.  tiu  x' I  btint  mua\uff*t  ittmt  H  — 

■  'hey 
be 

-• -' .^i..4     ,     ..t    Ki-«ii->t.«     >.    ftii     m.hOUt 

the  help  at  Ihe    orittinal    equal  ion»    Z4'  —  0    and 
I*>t-0  with  ♦-'r-.    u    is  not    ea^^  'and 

the  meanin^t  of  the  pr«liict»     The  r  .  .-r  itke 
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at  A  woulti  tleviate  on  ang:e  9,  (Fig  4).  AH  wtll 
take  the  i»o«ition  ABt  deviating  on  angle  4.  as  well, 
and  the  tlistance  BH,  on  the  vertical,  through  B, 
subtentlctl  by  this  angle  will  be  ^,7  This  ts  still 
better  seen  by  drawing  the  elastic  line  of  a  straight 
ginler  (Pig  iy    The  ordinates  between  the  curi'e  and 


Fig.  5. 


the  straight  line  AB  represent  the  deflection  at  any 
point,  and  the  tangents  to  the  curve  are  the  tangents 
to  the  neutral  axis  For  a  small  element  the  end 
tangents  Tx  and  Tn  form  an  angV  ^.  which  is  the 
tangential  deviations  of  this  elerreni  for  the  average 
bending  moment  within  it.  On  account  of  the  small- 
ness  of  the  deflections  compared  to  the  length  of  the 
span,  ^jr,  may  be  considered  to  be  represented  by 
T'rT'ii-  As  the  tangent  to  the  neutral  axis  changes 
its  position  gradually  from  AT',  to  BT", .  AT,  will 
represent  J^x,.  or  ^i,  /.  when  /  is  the  length  of  the 
span,  and  BT^.  1^\  or  ^^  I.  ^x  and  ^y  for  an  arch 
may  be  understood  in  a  similar  way  by  drawing  a 
line  OBo  parallel  to  AB  through  the  center  of  the 
element.  (Fig.  6).  which  line  with  the  ordmate  y  may 
be  considered  as  a  rigid  system  of  lines  with  the 
tangent  T.  When  T  dexHates  an  an^V  ^.  the  tan- 
gent 7*0  remaining  in  tmsition.  i*  -  he  tan- 
gential deviation  of  the  element.  '.  y  will 
also  de\*iate  an  angle  <k.  TTie  Ic  •  •  *  y 
these  angles  on  BBa  and  AB  wi  i 
and  ♦>'.  respectively.  That  .JT^x  ._  .  ..  .r 
a  rigid  arch  is  then  plainly  seen.  The  tangential 
deviation  ^i  at  A  represents  a  sum  of  tangential 
de%'iations  of  all  the  elements  of  the  arch,  which  sum 
together  with  the  tangential  deviation  ^n  at  B, 
which  also  represents  a  similar  sum.  form  the  total 
tangential  deviation  of  the  arch  i^-^i-*-^!!  <Figs  4 
and  5). 

Either  ^i  or  ^n  may  be  *0.  accoftling  to  which 
end  is  rigidly  held,  when  JT^t  — O  and  J^^z,  *0 
respectively,  the  jr's  being  measured  from  the  free 
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positive  and   the  other   negative — S(J>  =  4'i-*-*i'n=0. 

It  is  evident  that  the  eqv.  IM  =  0  is  not  essential 
to  the  solution  of  the  rigid  arch,  for  if  an  arch  with 
one  end  anchored  may  have  the  conditions  at  this 
end  laid  down  by  the  eqv.  I\Ix  =  O,  the  same  equa- 
tion will  express  the  conditions  of  the  other  end  as 
well,  if  anchored,  provided  the  x  s  be  measured  from 
the  other  end.  However,  the  equations  ^M  =  0  and 
£Mx  =  0  are  generally  used  to  determine  the  anchor- 
ing moments,  with  the  help  of  a  proceeding,  described 
as  "taking  the  resultants  of  the  rnontents  and  making 
them  balance."  This  may  be  accepted  as  theoretically 
true,  but  the  proceeding  is  not  one  which  a  designer 
should  follow. 

It  may  be  said  that  it  would  be  far  better,  in  the 
true  interests  of  the  student,  if  the  text-books  on 
arches  would   use  more  generally  the  equations 

I4>  =  0,  lifix  =  0  and  J«y  =  OJwith  ,f>  =  —  . 

nstead.  of  the  less  easily  understood  equations 
£M  =  0.  SMx='0  and  SMy  =  0,  how  true  the  latter 
ever  may  be.  The  frequency  of  their  occurrence  and 
use  leave,  indeed,  all  recollection  of  their  relationship 
to  <^  soon  far  behind  in  the  obscurity  of  an  uninterest- 
ing past.  A  fact,  which  is  the  more  regrettable,  as 
£^,  I4ix  and  I'i>y  really  are  very  essential  for  the 
work. 

A  direct  method  of  calculating  an  arch  is,  of 
course,  very  desirable,  but  it  must  be,  above  all,  a 
clear  proceeding  that  may  be  easily  followed  by 
anyone  familiar  with  ordinary  work. 

Reference  has  already  been  had  to  the  principle  of 
least  work  and  its  application  to  the  calculation  of  an 
arch.  This  is  but  another  way  of  utilizing  the  theory 
of  elasticity,  of  which  the  virtual  displacement  is  an 
expression.  However,  as  it  seems  to  be  necessary  to 
deal  with  the  tangential  deviations  in  order  to 
determine  the  anchoringjmoments  in  unsymmetrically 
loaded  rigid  arches  in  an  intelligent  manner,  it  would 
8eem  well  still  to  observe  the  tangential  deviations  in 
the  calculation  of  an^arch,  but  in  a  somewhat  clearer 

_  form    than    presented    by    the    equations    IM  =  0, 

'  £Mx  =  0  and  IMy  =  0. 

As  stated,  they 'are  only  of  direct  aid  in  the  case 
of  a  symmetrically  loaded  arch.  Their  application  is 
then  a  matter  of  great  simplicity,  because  it  may  be 
giiessed  that  the  anchoring'moments  are  alike,  without 
the  use  of  the  equation  IMx  =  0. 

ZM  =  0  alone  determines  the  moments  and  IMy 
—  O  the  horizontal  thrust.    Thus  the  moments  due  to 
the  dead  load  are  easily  obtained,  but  for  an  un- 
symmetrical  load  the  equations  leave  the  determina- 
tion   of    the    anchoring    moments,    which    ynust    be 
estimated  before  the  horizontal  thrust  can  be  com- 
puted,   almost    as   much   of   a   problem    as   it   were 
before.     The  equations'are,  as  far  as  I  can  see.  of  a 
fundamental   character  only  and   do  not   serve  the 
purpose    of    calculating    an    arch    in    a    satisfactory 
manner.    The  wind  loads  and  the  anchoring  moments 
are,  in  fact,  problems  in  connection  with  the  design 
of  roof  arches,  of  which  I  have  failed  to  find  among 
printed  matters  on  the  subject  any  practical  solu- 
tions directly  applied  to  the  arch. 
Yours  truly, 
E.  R.  T.  Berggren.  M.  E. 
New  York,  March  22,  1909. 
520  W.  162  St. 


In  the  Empire  Construction  District  of 
the  Central  Division  of  the  Isthmian  Canal, 
14  shovels  on  April  13,  1909,  excavated 
22,6rt3  cu.  yds.  of  rock  and  earth  in  eight 
hours,  an  avera.ge  of  1.(521  cu.  yds.  per 
shovel  for  the  day.  On  the  same  date,  15 
shovels  working  in  the  Culebra  Construc- 
tion District,  Central  Division,  excavated 
25,165  cu.  yds.,  an  average  of  1,078  cu.  yds. 
per  shovel   for  the  day. 


A  new  feature  of  the  coming  session  of 
the  Summer  School  of  the  University  of 
Wisconsin,  which  begins  June  28,  will  be 
courses  in  Public  Utilities  testing  and  ac- 
counting, for  those  desiring  to  become 
familiar  with  the  requirements  of  the  Rail- 
road Comniissinn  of  Wisconsin,  which  has 
the  administration  of  the  Wisconsin  Public 
Utilities  Law.    . 


Personals. 

Mr,  H,  A.  Rowland  has  resigned  as  City 
Engineer  of  Wellington.  Kan. 

Mr.  Bert  C.  Wells  has  been  reappointed 
City  Engineer  of  Wichita,  Kan. 

Mr.  Edward  Wilhelm  has  been  appointed 
City  Engineer  of  Bay  City.  Mich. 

Mr.  E.  A.  Kingsley  has  been  re-elected 
Superintendent  of  Public  Works  of  Little 
Rock.  Ark. 

Mr.  William  A.  Aycrigg  has  been  appointed 
City  Engineer  of  Omaha.  Neb.,  to  fill  the 
vacancy  caused  by  the  death  of  Andrew 
Rosewater. 

Mr.  Adna  Dobson  has  assumed  his  duties 
as  Citv  Engineer  of  Lincoln,  Neb.,  succeed- 
ing Mr.  Wra.  Grant,  who  was  not  a  candi- 
date  tor  re-election. 

Chainbers  &  Hone.  Consulting  Engineers, 
of  New  York  City,  have  removed  their  of- 
fices to  the  ISth  floor  of  the  German  Amer- 
ican Insurance  Bldg.,  1  Liberty  St.,  New 
York. 

Mr.  Alexander  Potter,  Consulting  Engineer, 
of  New  York  City,  has  been  elected  an  hon- 
orary member  of  the  Association  ot  Man- 
agers of  Sewage  Disposal  Works  of  Great 
Britain. 

Mr.  R  A.  McClanathan.  formerly  Assistant 
Citv  Engineer  ot  Niagara  Falls,  N.  Y..  has 
been  appointed  City  Engineer,  succeeding 
Mr  W.  D.  Robbins,  who  has  become  engi- 
neer for  the  Board  ot  Water  Commissioners 
ot  the  city. 

Mr.  George  H.  Burgess,  heretofore  Prin- 
cipal Assistant  Engineer  ot  the  Erie  R.  R., 
has  been  appointed  Chief  Engineer  ot  the 
Delaware  &  Hudson  R.  R..  with  headquar- 
ters at  Albany,  N.  Y'.,  succeeding  Mr.  James 
McMartin,   resigned. 

Mr.  Carl  S.  Dow,  late  Publicity  Manager  of 
the  B.  F.  Sturtevant  Co.,  and  formerly  in 
charge  ot  Instruction  and  Text  Rook  Depart- 
ments ot  the  American  School  ot  Correspond- 
ence, has  become  associated  with  the  staff  of 
Walter  B.  Snow,  Publicity  Engineer,  of  Bos- 
ton. Mass. 

Jean  Bart  Balcsmbe,  formerly  Chief  En- 
gineer of  the  Pittsburg  Filter  Mfg.  Co..  and 
General  Manager  ot  the  Hudson  River  Con- 
crete Co..  has  opened  offices  at  184  La  Salle 
St.,  Chicago.  111.,  where  he  will  engage  in  a 
consulting  practice  making  a  specialty  of 
hydraulic  and   hydro-electric   enterprises. 

Mr.  George  W.  Cravens  has  opened  an  of- 
fice in  the  Fort  Dearborn  Bldg..  Chicago,  111., 
where  he  will  engage  in  consulting  practice, 
making  a  specialty  of  the  mechanical,  elec- 
trical and  structural  designs  of  power  plants. 
Mr.  C:avens  was  formerly  with  the  General 
Electric  Co..  at  the  Lynn  and  Schenectady 
W'orks.  and  later  was  with  the  Goodman 
Mfg.  Co..  of  Chicago. 

Mr.  Parker  U.  Cole,  formerly  eastern  ad- 
vertising representative  of  Engineering-Con- 
tracting, has.  with  Mr.  James  S  Farron.  of 
New  Y'ork  City,  formed  the  company  styled 
James  S.  Barron,  Inc.  and  will  continue  the 
general  sales  business  heretofore  carried  on 
by  Mr.  Barron.  Among  the  eciuipment  they 
will  handle  are  the  Nims  concrete  mixer,  the 
20th  Century  grader,  and  the  Peerless  hand 
sweeper.  Mr.  Cole's  former  associates  on 
Engineering-Contracting  wish  him  every  suc- 
cess in  his  new  undertaking. 

Mr.  John  J.  Harmon,  M.  E..  has  become  a 
member  of  the  Harmon  Engineering  Co..  of 
Peoria.  111.,  and  the  firm,  in  addition  to  sur- 
veys and  civil,  municipal  and  drainage  en- 
gineering, will  give  particular  attention  to 
mechanical  engineering  problems.  Mr.  John 
J.  Harman  has  been  connected  with  the  Link 
Belt  Co.;  the  Acme  Harvester  Co..  as  Chief 
Draftsman:  University  of  Illinois,  teaching 
machine  design  and  steam  laboratory  work: 
U.  S.  Geological  Survey,  fuel  tests:  National 
Tube  Co.,  Kewanee  W'orks,  as  Mechanical 
Engineer. 

Mr.  Dwight  T.  Randall,  late  engineer  in 
charge  of  fuel  tests.  Technological  Brancn, 
United  States  Geological  Survey,  has  asso- 
ciated himself  with  the  Arthur  D.  Little 
Laboratory  of  Engineering  Cheinistry  of 
Boston,  in  charge  of  the  Department  of  Fuel 
Engineering.  Mr.  Randall,  who  is  a  graduate 
of  the  University  of  Illinois,  was  formerly 
connected  with  R.  W.  Hunt  &  Co..  and  West- 
inghouse  Church  Kerr  &  Co..  and  later  was 
in  charge  of  the  Steam  Engineering  Labora- 
tory of  the  University  of  Illinois,  and  of 
steam  and  boiler  tests  at  the  St.  Louis  Bx- 
position. 


The  average  daily  number  of  laborers 
employed  on  actual  construction  work  on 
the  Isthmian  Canal  during  March  was 
14,319. 


Catalogs  Worth  Having. 

Engineers  and  contractors  should  have 
on  file  the  latest  catalogs  of  machines, 
tools  and  supplies  that  they  use.  In  sending 
for  catalogs  reviewed  or  advertised  in 
this  paper,  you  will  confer  a  favor  on  us 
if  you  will  write  direct  to  the  advertisers 
and  state  that  you  saw  the  catalog  men- 
tioned in  Engineering-Contracting.  If 
you  are  in  the  market  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  notify 
promptly  the  leading  manufacturers. 

No.  1218.  Testing  Machines. — Riehle  Bros. 
Testing  Machine  Co.,  Philadelphia,  Pa. 

An  elaborate  catalog  of  108  pages,  illus- 
trating and  describing  testing  machinery  of 
all  kinds,  and  appliances  to  be  used  with 
the  machines. 

No.  1219.  Rock  Drills.— Harold  L.  Bond 
Co..  42  Broadway,  New  York. 

A  circular  telling  of  the  merits  of  the 
Wood  rock  drills  sold   by  this  company. 

No.  1220.  Wagons. — Acme  Wagon  Co.. 
Emigville,  Pa. 

A  56-page  catalog  telling  of  the  wagons 
manufactured  by  this  company.  Besides 
the  wagons  meant  for  ordinary  use,  this 
company  makes  a  stone  spreading  wagon 
and  a  drop  bottom  dump  wagon. 

No.  1221.  Dump  Wagon  and  Excavating 
Machinery.— Indiana  Road  Machine  Co..  Fort 
Wayne.    Ind. 

A  well-illustrated  catalog  describing  the 
National  elevating  graders,  the  National 
dump  wagons,  road  machines,  scrapers  and 
the  Fort   Wayne   stone   crusher. 

No.  1222.  Wagons. — The  Studebaker  Bros. 
Mfg.  Co..  South  Bend.  Ind. 

In  this  catalog  are  described  the  vari- 
ous style  of  dump  wagon,  bottom  and 
end  dumps,  and  dump  carts,  manufactured 
for  contractors'  use  and  for  collecting  ashes 
ajid    garbage    in    cities. 

No.  1223.  Specifications  for  Using  White 
Portland  Cement  Mortar.- By  Albert  Moyer, 
Berkshire  White  Portland  Cement  Co..  New 
Y'ork,  N.  Y. 

Describes  the  manufacture  and  character- 
istics of  the  white  Portland  cement  made  by 
the  above  named  company  and  gives  speci- 
fications for  its  use  in  both  exterior  and  in- 
terior work.  A  valuable  pamphlet  for  the 
architect  and  builder. 

No.  1224.  Grading  Machines.  —  Smith  & 
Sons  Mfg.  Co.,  Kansas  City.  Mo. 

Describes,  illustrates  and  gives  directions 
for  operating  the  wheel,  buck  and  drag 
scrapers,  railroad  and  township  plows,  dump 
wagons,  road  machines,  stone  crushing  out- 
fits, revolving  screens  and  road  rollers  made 
by  the  above  named  company.  The  pamph- 
let has  72  pages  and  the  descriptive  matter 
is  good. 

No.  1225.  Reinforced  Concrete.  —  The  In- 
ternational Fence  &  Fireproofing  Co..  Colum- 
bu.s,  O. 

A  16-page  pamphlet  describing  the  main 
structural  features  of  the  system  of  rein- 
forced concrete  constTuction  controlled  by  the 
above  named  firm.  Beam  and  slab  tables  are 
given. 

No.  1226.  Beam  and  Column  Data. — North- 
western  Expanded   Metal   Co..   Cliiea.go,   111. 

This  is  No.  5  of  the  valuable  series  of  little 
pamphlets  containing  data  for  reinforced 
concrete  design  which  i.s  bein.g  published  by 
the  above  named  company.  This  particular 
pamphlet  gives  data  for  calculating  beams 
and  columns:  it  is  a  veritable  manual  on  the 
subject, 
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■n.     D.    C Mm    )i 

n.     D.    C Mav    12 

irrn.  O Apr.   21 

.roe.    Va Apr.  2'* 

i.' >■  K\  111,-.    Ind Apr.  2*^ 

llrjanoke.    Va Ma\    12 

N.w    V..rk,   N.    Y Mav   12 

NV    Y Muv   12 

.     Kan Mav   1.- 

Mich Mav   12 

Wis Air    2s 

O .May  .-. 

1.1 .Mav   12 

iiov.     .\.     Y Mav   12 

HIilKt-n.ld     Park.    N.    J May'. 

ChlcaRO,     III May  12 

HaiiiiiT.    Ort' Ma\    '■ 

I.ako    Mills.    WlB May  :. 

Wlr.iilpiK.    Man Mav  :. 

Pnuldlntr.    O Apr    2'< 

Mt.    Gllcad.    O Apr.  28 

Clfvcland.    Ohio    May  r. 

CliUaKo.     Ill May  .1 

Wvstc-rvllle,    O May  S 

A..<liland.    O Mays 

.McAl.>sler      Okla.     ...'. May  12 

Slful.fnvllle.    O Mav   12 

St.    Clalr.svlllr-.    O Mav  12 

Rushvlll.-.     Ind May   12 

N«  w    Bn'npwlck.    N.    J May  .i 

New    Bnnswlck.    N.    J May  T. 

Scnttd:>lc.    Pa May  12 

Fort    Snflllns,    Minn May  12 

rinflnnatl.    O May  S 

Fort    Monrop.   Va.    May  12 

Cl.'voland.    O May  12 

.lacksop.    Tenn May  12 

PonHOCOIa.     Fla Mn---   12 

Fulton.     Mo Ma\    12 

Liberty.     Ind M.iv   12 

Vlncenncs.    Ind May  12 


Sewers. 


Mohllo.    Ala 

Baltimore.    .Md.     ... 

Rye.    N.    Y 

Danville.    Pn 

Huron     S.    Dak 

Louisville.    Ky 

Oslrn.oh     wis     

Kvnnsvlllf.     Ind.     .. 

Alhany.    N.    Y 

Clear     Lake,     la.     .. 
Syracuse.    .\.   Y... 

Provn     I'tah 

St.    Thomas.    Ont... 
Brooklyn.    N.    Y 

l-l.l.  :ii-,.   Ill     

\:  ■ 


.Apr.  21 
.Air  2S 
..Mav  :. 
..May  S 
.Apr.  It 
.Mav  12 
..Mav  .". 
.Mav  12 
..Mav  12 
.Mnv  12 
.Apr.  21 
..May  1 
..Mav  12 
..Mav  12 

Mav    12 


■  .  1 
II. 

0 

.M,    . 

....Ma. 
M  tv 

1,  . ...iS, 

I'lirinlmd      N. 
Albert     Loa. 

Colo 

Mex 

Minn 

Mav 

Mav 

....Apr 

Altwrt    Lea.    Minn May   12 


Water  Supply. 


May 

31. 

1. 

1 

1 

3 

1 

•1  .. 

''.n». 

May  12 

.Mny 
Mnv 
\t.. .. 

\i  .  ■. 

JlJl.r 

19 
l« 

1 

2.    .-.I" 

II    KU. 

-i%»k     . . . 

June 
Jun<* 
Jun«. 
Jun.. 
June 
Juni* 
J.ir.- 
.luf.- 
.1   ;l  • 
JUIII' 

Mnv    '. 

Ml.      •    ■ 

\.  . 

V       Y 

Will 
1    ■■ 
1 
1 

ilnifton.     I>fl 

11     iVkIa  ' 
Uln     Iji 
..I.I.     Ky 

i-.  ■ 

llie.  ■  FlW 
..1.    Mn  — 

Tex Apr.  21 

1 1  ouston,  Tex Ma  y  5 

Pa         May  5 

..    .Minn Mav  13 

k-     O Mav  .'. 


Ap 
M  , 


Miscellaneous. 


Toronto,    Ont., 

I'nJ.ricrouni)  Conduit,  May  IS 
May    12.  A<j) 

'  Ml    Protection.  Apr.  tt 
Muy    12.  Co: 

l^s^KM.   Culverts  .    Kic..  May  B 
May    IS.  Fort    Bllaa.    T<-t.. 

Buwllns  Alley.  May   12 
.May    17.  Jacksonville.    H  . 

ItaUlns    Jettlea,  Apr.  18 
.May    17.  Washington.   Ii.   C. 

Riprap  Jetties,  Apr.  U 
May    20.  Missoula.    Mont.. 

Wire  Fenclne.  Apr.  St 
.May    20.  Clifton.    Arlx  . 

Railroad  Work.  Apr.  11 
May    20.  Wllkestarre.     Pa.. 

Stieet  UshllnK,  May   12 
.May    20.  Cleveland.  O.. 

Timber  Trestle,  May  IS 
May    22.  Hawaii, 

Dry  Dock*.  Mar.  SI 
.May    24.  Louisville.    Ky., 

Underpass.  May  5 
May    26.  Roland.    Ark.. 

Lock.  Mar.  SI 
.May    28.  Philadelphia,    Pa., 

Slimals.    Etc.,  Apr.  21 
May    27.  Rock    Island.    III. 

Dam  Construction.  May  5 
May    27.  New   York.    N.    Y., 

Stone.  May  & 
May    28.  Cleveland.    O.. 

LiKht  House  and  Beacon.  Apr.  21 
May    29    Washington.     I).     C, 

Torpedo  Boats.  Mar.  SI 
May    31.  Moose   Jaw,    Saak  , 

Sinking  Test  Well.  May  12 
Juna     1.  Bridgeport,    O.. 

Street  Lighting.  Apr.  11 
June     1.  New   Orlean.s,    La.. 

Tow  Boat,  XI  ay  11 
June     7.  Superior.    Wis., 

Stone  and  Pebbles.  May  12 
June     8.  Ashland,    Wis., 

Riprap.  May  IS 
June     8.  Wheeling.   W.   Va.. 

Dam  Work.  May  11 
June  28.  Galveston.   Tex.. 

Causeway,  May  i 
July      1.  Boston,   Mass.. 

Street  LiRhllng.  May  11 

Excavation,  Earth  and  Rock. 

May    12.  Northwood.  la.. 

Drainage  Ditch.  Apr.  21 
May    12.  Fort    Dodge,    la.. 

Ditch.  Apr.  It 
May    12.  Dakotah,    la.. 

Ditch  Work.  May  S 
May    15.  Orland.    III.. 

Deepening  Channel.  Apr    21 
May    15.  Mare   Island.    Cal.. 

Dredging.  Apr.  11 
May    17.  Greenville.   Mls.s.. 

Levee  Work.  May  5 
May    18.  Barstow.    Tex.. 

Drainage  System,  Apr.  28 
May    IS.  Manitowoc,  Wis., 

Dredging.  May  5 
.May    If.  .Milwaukee,  Wis.. 

Dredging.  May  5 
May    22.  Valmialso.    Ind., 

Ditch.  May  12 
.M.iy    22.  Washington    Barracks. 

Filling.  May  II 
May    24.  Baltimore.    Md., 

Dredging,  Apr.  It 
.May    24.  Des    Moines,    la.. 

Tile    Drain.  Apr.  tt 
.May    24.  Baltimore,  Md., 

Dredging.  May  S 
May    24.  Kenton,   O.. 

PriMlKlng.  .May  11 
May    27.  Redwood    Falls.    Minn.. 

DlKh  Work.  May  11 
May    31.  Fort    Moultrie.   8.    r.. 

Dredging.  May  11 
June    1.  Baltimore,   Md.. 

Dredging.  May  S 
June     I.  Baltimore,    Md.. 

Dredging.  May  5 
June     2    JefTerson.    la., 

Ditch  Work.  Apr.  IS 
June    4.  San   niego.   Cal  , 

nre<lKlng.  May  II 
June    7.  Baltimore.   Md.. 

Drnlelng.  Mny  13 
Jtaie  14.  Oiiayatna    P.    R.. 

Irrloatlon  Work.  May  11 

Materials,  Machines,  Supplies,  Etc. 

Mobile.  Ala.. 

Asphalt  Repair  Plant.  Mny  II 
May     i:    Washington.   D    I". 

Movnhli.   Towers    Apr.  11 
Mny    12    <;overnors    Island.   N.   T.   H.. 

Hardware.  Ktc.  Apr.  2t 
Mny    IS.  Baltimore.    Md.. 

Fence.  May  S 
M.iy    12.   Baltimore,    Md., 
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Gymnastic  Apparatus,  May  S 
May    12.  Columbus,    O., 

Portland  Cement.  May  Fi 
,    May    13.  New  York,  N.  Y.. 

Crushed    Rock,  May  5 
May    13.   Knoxville,    Tenn., 

Metal    Vault.  May  'i 
May    14.  Wheeling,    W.    Va.. 

Cement,  Apr.  21 
May    14.  Watertown,    Mass.. 

Ordnance  Supplies,  Apr.  21 
May    14.  Honolulu,    H.   I., 

Cement,  Apr.  7 
May    15.  West  Point,  N.   Y., 

Building  Materials,  Apr.  21 
May    17.  Watervliet.   N.   T., 

Iron,    Steel.  Etc.,  Apr.  2S 
May    17.  Augusta,    Ga., 

Steel,  Nails,  Etc..  Apr.  28 
May    17.  Washington.    D.    C, 

Cars,   Barrows,  Jacks.  Etc.,  Apr.  2S 
May    17.  Jeffersonville,    Ind., 

Boilers,  Canvas,  Etc.,  May  L 
May    17.  New   York,    N.    Y., 

Pumps.  Boilers.  May  5 
May    17.   Lethridge,   Alberta., 

Pump,  May  5 
May    17.  Pittsburg,    Pa., 

Motor  Cycle.  May  12 
May    17.  Philadelphia,    Pa.. 

Freight  Elevator,  May  12 
May    17.  Yonkers,    N.    Y.. 

Engine,  Dynamo.  Etc..  May  12 
May    19.  Rushville.   Ind.. 

Engine,   Generator,    Etc.,  Apr.  21 
May    19.  Washington.    D.    C, 

Hardware,  Rules,  Etc.,  Apr.  28 
May    19.  Seattle.    Wash.. 

Metal  Shelving,  May  12 
May    19.   Baltimore,    Md., 

Grass  Destroyer.  May  12 
May    21.  Madison.   S.   Dak.. 

Gas  and  Electrical   Equipment.   JTay  12 
May    21.  Washington,    D.    C 

Lathes,  Tools,  May  12 
May    22.  Toledo,    O.. 

Generators,  Gas  Engines,  Etc..  May  S 
May    24.  Washington.    D.    C. 

Cranes.  Buckets,   Etc..  May  5 
■May    24.  Rock    Island.    111., 

Ordinance   Supplies.    May  5 
"May    24.  Leavenworth,    Kan., 

Refrigerating  Plant,  May  5 
May    24.  Bemidji.    Minn., 

Fire  Hose,  May  12 
May    24.  Washington.    D.    C.      ' 

Cranes,   Buckets,  Etc.,  Mav  12 
May    26.  Dover,  N.  J., 

Rope,  Iron,  Etc.,  Apr.  28 
May    26.  Philadelphia.    Pa., 

Ordinance  Supplies.  Maj'  .'> 
May    27.  Chicago,    III., 

Pumping  Engines.  May  5 
May    27.  Fort    Monroe,    Va., 

Screens,  May  12 
May    31.  Leavenworth,    Kan.. 

Derick    Materials,  May  5 
May.   31.  Atlanta.    Ga.. 

Cement   Testing  Apparatus.  May  12 
.lune     1.  Manila,    P.    I., 

Pipe.  Etc.,  Mar.  31 
June     1.  Fort    Totten.    N.    Y.. 

Automatic  Ancliors.  May  12 
June    2.  Vancouver,   B.   C. 

Water  Pipe,  May  5 
June    5.  Key   West.    Fla.. 

Conveyor  System.  May  12 
June     9.  Brownsville.    Pa.. 

Air  Compressor  Plant,  Mav  12 
July      1.  Manila.    P.    I.. 

Gate    Valves.    Hydrants.  May  12 
Jul\*      9.  Pretona,     Trans^'aal. 

Drills.  May  12 

BIDS  ASKED 
Bridges. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alpliaV>etically  by 
states: 

Malvern,  Ark. — Until  May  27,  by  Andrew 
T.  Roland,  C;!onnty  Judge,  fnr  construction  of 
two  steel  bridges  over  Ouacliita  River  at 
Green's  Ferry  and  Grigsby's  Ford.  The 
Green's  Ferry  bridge  is  t(t  consist  of  one  main 
span,  IfiO  ft.  long,  substructure  tubular  piers 
60  ins.  in  di'-s meter,  38  ft.  long,  with  tw^o  end 
spans  of  300  ft.  each,  to  be  supported  by 
concrete  abutments;  one  roadway  16  ft. 
wide.  The  bridge  at  Grigsby's  Ford  is  to  be 
according  to  same  plan  and  specifications, 
except  end  spans  are  to  be  110  ft.  long  each. 

Batavia,  111. — Batavia  Tow*nsliip  is  reoort- 
ed  to  be' calling  for  l>ids  until  Ma.v  18  for 
constructinsT  two  l^ridges.  one  a  concrete 
i)ridge  25-ft.  span.  Ifi  ft.  wide;  the  other  of 
stc-i-1    ■i2-ft.    span.    8    ft.    wide. 

Chicago,  III.— fntil  11  a.  m..  May  12.  by 
Department  Public  Works,  for  erection  of  a 
concrete  arch  .  bridge  over  the  Illinois  and 
Michigan  Canal  at  South  Kedzie  Ave. 

Salem,  Mass.— Until  10  a.  m..  May  24  (re- 
advertisement),  by  James  P.  Hale.  County 
Clerk,    for  sealed   bids  for   rebuildin.g   the  old 


Chain  bridge  over  the  southerlj'  arm  of  the 
Merrimac  Ftiver,  between  Newburj'poi-t  and 
Amesbury.  The  work  will  consist  of  remov- 
ing all  necessary  portions  of  the  old  structure 
and  building  complete  new  anchorages,  ca- 
bles, steel  stiffening  trusses,  towers,  steel 
floor  beams,  and  wooden  floor,  with  a  short 
solid  fill  approach  between  reinforced  con- 
crete walls.  The  length  of  fioor  of  sus- 
pended  span    is   about    226   ft. 

Savanna,  Ml.— Until  2  p.  m..  May  20.  by 
Highway  Commissioners,  Geo.  W.  Bristol, 
Chairman,  at  office  Town  Clerk,  for  con- 
structing two  steel  and  concrete  bridges, 
one  steel  culvert  and  three  stone  arch  cul- 
verts.      Plans,    etc..    witli    Town    Clerk. 

Morristown,  N.  J.— Until  May  17,  by  Sew- 
er Commissioners,  for  constrticting  concrete 
bridge  over  Whippany  River  to  carry  main 
sewer   pipe. 

Findlay,  O. — Until  noon.  May  29.  by  John 
A.  Sutton.  County  Auditor,  for  material  and 
labor  for  constructing  reinforced  concrete 
bridge  over  Hagerman  Run  in  Marion  Town- 
ship. Certified  check  for  JlOn  required  with 
bid. 

Fremont,  O. — Until  May  31,  by  County 
Commissioners,  for  constructing  steel  bridge 
Willi  cieodone  floor  o\'er  Muscalonge  Creek 
in    Jackson    Towmsliip. 

Toledo,  O. — Until  10  a.  m..  June  4,  by  D. 
T.  Davies,  Jr..  County  Auditor,  for  con- 
structing superstructure  of  a  bridge  over 
Swan  Creek  on  County  Road  No.  12.5  in  Wa- 
terville  Township:  also  for  the  construction  of 
two  concrete  abutments  and  for  the  repair 
of  bridge  across  Coiml.v  Road  No.  289  at 
the  intersection  of  Road  No.   464. 

Franklin,  Pa. — Until  May  29,  by  County 
Commissioners,  for  constructing"  bridge  over 
mouth  of  French  Creek.  Bids  are  asked  on 
concrete  arches  or  steel  structure  987  ft. 
long.  Certified  cheek  for  $5,000  required 
with    bid. 

Toronto,  Ont. — Until  noon,  June  1,  by  the 
Chairman  of  the  Board  of  Control,  City  Hall, 
Toronto.  for  the  reconstruction  of  the 
bridges  on  Dundas  St.  over  the  tracks  of 
the  Grand  Trunk  and  Canadian  Pacific  Rys.. 
consisting  of  the  foUow-ing  work;  Supply  of 
five  new  trusses  of  tlie  following  spans;  105 
ft.  4  ins..  93  ft..  86  ft.  8  ins.,  82  ft.  8  Ins., 
62  ft.,  and  three  new  columns  supporting 
same:  supply  of  coinplete  new  floor  sys- 
tem; supply  of  new  rollers,  shoes,  bed  plates, 
etc.,  for  present  trusses,  erection  and  paint- 
ing. Specifications,  etc.,  at  the  office  of  the 
City    Engineer,    Toronto. 


Buildings. 


Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states; 

Wilmington,  Del. — Until  10  a.  m..  June  1. 
b>-  the  Lii^ht  House  Engineer,  for  erecting 
three  dwellings,  one  at  Delaware  Breakwa- 
ter, range  Rear  Light  Station.  Delaware: 
one  at  Assateague  Light  Station,  Virginia, 
and  one  at  Bellevue  Range  Rear  Liglit  Sta- 
tion.   Delaware. 

Fernandina,  Fla. — Until  3  p.  m..  June  7, 
by  James  Knox  Taylor,  Supervising  Archi- 
tect, Washington  D.  C.  for  the  construc- 
tion, complete,  of  the  U.  S.  Post  Office  and 
Custom   House   at    Fernandina. 

Chicago,  III.— Until  11  a.  m..  May  20,  by 
Department  Public  Works,  for  marble  and 
tile  work  in  public  bath,  house  to  be  located 
at  822  W.   20th   St. 

Chicago,  ill.— Until  11  a.  ni..  May  20.  by 
Department  Public  Works,  for  constructing 
slielter  platforms,  etc.,  at  Wrightwood  Ave. 
and    Perry    St.    playgrounds. 

Mayfield,  Ky.— Until  3  p.  m..  June  15,  by 
.la'ii'-s  Knox  Ta>'lor,  Supervising  Architect, 
Washington.  D.  C.,  for  the  construction, 
ciiinplete,  of  the  U.  S.  Post  Office  at  May- 
field. 

Alexandria,  La. — Until  June  15,  by  D.  B. 
ShowaltiT.  Parish  Superintendent,  for  the 
erection  of  a  two-story  and  basement  liriclv 
.school  building,  estimated  to  cost  $45,000,  for 
Rapidew    Parish. 

Boston  Mass. — lentil  11  a.  m..  Mav  24.  by 
Col.  F.  L.  Denny.  Q.  M..  U.  S.  Marine  Corps. 
^^'asllington,  D.  C.  for  the  completion  of 
the  marine  barracks.  Navy  Y'ard.  Boston, 
Mass. 

Fort  Andrew/s,  Mass. — Until  June  3.  by 
Calpt.  R.  M.  Rolfe,  Constructing  Q.  M..  263 
Summer  St..  Boston.  Mass..  for  tlie  con- 
struction, including  plumbing,  heating  and 
electric  wiring  of  one  brick  guardhouse, 
brick  riuarfers  for  4  officers,  brick  ouarters 
for  field  officer,  at  Fort  Andrews.  Peddock 
Island.    Boston   Harbor,  Mass. 

White    Earth,    Minn Until    2    n.    m..    May 

25.  by  the  Commissioner  of  Indian  Affairs. 
Washington,  D.  C.  for  materials  and  Inbor 
for  the  construction  of  three  day  school 
buildings   at   White    Earth    Agency.      Further 


information  can  be  obtained  from  the  Super- 
intendent.   White    Earth    Agency. 

Fort  Wm.  H.  Harrison,  Mont.— Until  10  a. 
ni..  May  24.  by_  Capt.  F.  C.  Bolles.  Construct- 
ing Q.  M.,  for  construction  of  an  ordnance 
storehouse    (magazine). 

Canton,  N.  Y. — Until  noon,  June  1,  by  the 
Chief  of  the  Weather  Bureau,  Washington, 
D.  C,  for  erection  of  a  two-story  and  cellar 
brick  building  for  the  Weather  Bureau  at 
Canton. 

New  York,  N.  Y.— Until  3  p.  m..  May  27, 
by  James  Knox  Taylor.  Supervising  Archi- 
tect. Washington,  D.  C  for  the  foundation, 
track  columns  and  basement  floor  of  the 
new  U.  S.  Post  Office  building  in  New  York. 
McKim.  Mead  &  White,  Architects,  160  5th 
A\e..    New    York. 

Columbus,  O.— Until  May  21,  by  Carl  A. 
Steele.  Secretary,  for  material  and  labor  for 
the  erection  of  an  addition  to  the  power 
house  at  the  Ohio  State  University.  Herbert 
Edwards.    Architect.    Columbus,    O. 

Columbus  Barracks,  O — Until  10  a.  m.. 
May  26,  by  Capt.  H.  J.  Hir.sch,  Constructing 
Q.  M..  for  the  construction  of  an  admin- 
istration building,  a  recruit  receiving  bar- 
rack, a  barrack  for  300  men,  and  a  fire  sta- 
tion, at  this  post,  including  plumbing,  heat- 
ing, electric  wiring,  and  electric  lighting  fix- 
tures. 

Fort  Sill,  Okla.— Until  10  a.  m.,  June  10, 
b,\'  the  Constructing  Quartermaster,  for  the 
construction,  plumbing  and  wiring  of  the 
following  buildings;  One  colonel's  quarters, 
two  field  officers'  quarters,  seven  double  of- 
ficers' tjuarters,  three  four-set  officers'  quar- 
ters, six  field  artillery  barracks,  one  band 
barrack,  four  double  sets  N.  C.  O.  quarters, 
one  administration  building,  one  post  ex- 
change, two  storehouses,  one  bakery,  six  bat- 
tery stables,  one  band  stable,  one  Q.  M. 
stable,  three  double  stable,  guard  and  shop 
buildings,  six  gun  slieds,  two  hay  slieds,  one 
granary,  one  coal  shed,  one  wagon  shed,  one 
pump    house. 

Carrick.   Pa. — Bids  are  asked  by   Frank  M. 


Sankey.  Secretary  Scliool  Board, 


Church 


Ave..  Carrick  (Mt.  Oliver  Station),  for  erect- 
ing a  6-room  addition  to  the  Roosevelt  school 
building.  Edwin  V.  Denick,  Architect,  House 
BIdg..   Pittsburg. 

Harrisburg,  Pa. — Until  noon.  May  14,  .for 
Charles  A.  Disbrow.  President  Park  Com- 
missioners, 84  Union  Trust  Bldg..  for  con- 
structing boat  house  at  upper  end  of  Wild- 
\vood  Lake. 

Fort  Crockett  (Galveston).  Tex. — Until  2 
p.  m.  May  31.  by  Capt.  P.  Wliitworth.  Con- 
structing Q.  M..  Fort  Crockett.  Galveston. 
Tex.,  for  the  construction,  plumbing,  heat- 
ing and  electric  wiring  of  25  reinforced  con- 
crete   buildings   at    this    post. 

Clifton  Forge,  Va.— Until  3  p.  m.,  June  9. 
by  James  Knox  Taylor.  Supervising  Archi- 
tect. Washington,  D.  C,  for  the  construc- 
tion, including  plumbing,  gas  piping,  heating 
apparatus,  electric  conduits  and  wiring,  of 
the  U.   S.   Post   Ofhce  at  Clifton   Forge. 

National  Soldiers'  Home,  Va. — Until  l;"o 
p.  m..  ilav  IT.  by  John  T.  Hume.  Treasurer. 
N.  H.  D.  V.  S..  National  Soldiers'  Home, 
for  material  and  labor  for  steel  ceilings,  bar- 
racks.   Cos.    E,    M,    N  and   O. 

Orange,  Va. — Until  noon.  May  18,  by  Coun- 
ty Supervisors,  C.  W.  Woolfork,  Clerk,  for 
remodeling    Court    House    building. 

Victoria,  B.  C.— Until  May  31,  by  Evered 
Criddle.  Supervising  Architect,  Public  Works 
Department,  Victoria,  for  (1)  the  erection 
and  completion  of  a  reinforced  concrete  and 
brick  building:  (2)  for  the  erection  and  part 
completion  of  a  reinforced  concrete  and  brick 
building. 

Roads   and   Streets. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states; 

Washington,   D.  C Until  noon.  May  15,  by 

riistrict  Commissioners,  for  paving  various 
streets  and  avenues  with   sheet  asphalt. 

Washington,  D.  C. — Until  noon.  May  la, 
by  the  District  Commissioners.  Room  427, 
District  Bldg..  for  laying  asphalt  block  pave- 
ments. 

Pensacola,  Fla, — Until  noon,  .lune  1,  by  R. 
M.  Bushnell.  Chairman  Bond  Trustees,  for 
grading,  paving  and  curbin.g.  The  work 
consists  of  approximately  170.700  sq.  yds.  of 
clay  or  shale  blocks,  sheet  asphalt,  bitulithic. 
wood  block  or  macadam  pavement.  and 
115.950  lin.  ft.  of  concrete  curb.  .  Amount  of 
each  class  to  be  determined  after  proposals 
are  received  and  considered.  T.  Chalkley 
Hatton.    Engineer.    Wilmington.    Del. 

Wellington,  Kan. — Until  May  17,  by  City 
Clerk,  for  iiaving  on  Washington  Ave.  and 
Harvey   A\.v 

Georgetown.  Ky.— Until  May  15,  by  J.  W. 
Duncan.    President   County    Road   Committee, 
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-    and    iiui<-a<liiiiiuiiiK    i  '••    iiiil*-a   tif 

111      I-i,IM    11    .1     m  .    Mbv    I».    I.y 

-     «•    A    \'    Hutnil- 

UKimlii    81.    fmni 

SI     Willi      xranlii- 

LIbarty.    Ind.  -I'nIII    S    p.    m..    Junr    7.    by 

■ .■-..I —     Cimnly    Amlltnr.    for    pon- 

rt«il    In    tVrn«T    Tuwnalilp 
in    L'nlfin   ToHnahlp 
Huihvlllr,    Ind.      I'lilll    |i>   a     in       .Mu>    25.    by 

J     .M     Slcti.-.    Ciiiinlv    .\iKlltni'     r iintrui'l- 

Irit;    ;;ru\fl    nmtl    In    Uli  liUtn<l    Tnw  titlilp. 

"    ihville,     Ind.— I'nill     ;     p      ni  .     Jun*-     10 

'  I  tl«<  ini'nl  I     l>y    J.     M.     HluMr,    I'ounty 

X  >t.    f«ir   ciifiMit  lit  iiMLT    iii.ii  .i.Iami   roinl    on 

liii.-    Ix'iwfcn    I;  ■!,■     rountlrii. 

Ilhlii    fur    tl'.ln    w  I    tin    May    <= 

l»ut    H  itrk    »  iiH    1 1 

Vlnecnne*.   Ind      I'mll  :  p.    in  ,  June  S,  by 

.l.ilin     T      S.-..II      t'oiinty     Auilllor.     for    con- 

'■  fi     iif  crnvfl   rouilK  In  Stt-eli- 

I.KTl    ri     <if   itnivcl    ruaJn    In 

■  P 

■■.    510.    Mich.      I'm  .Miiy    17.    I>y 

■ri  <*ouii(-lt.    ft.r  ,inl   lulHir'  fur 

-:     .Miiln    St      l.rl.l.  I     y<l«  I    with 

^vi.iti    ii4iK  plaiiklnic.  iTvu^uirtl  bliM-kfl  or  puv- 

liiK  brl.k 

Fort   Snelllng.    Minn.  — t'niil    P     ■     •  ■■      Mnv 
:T.    In    f.ipt     n.   (•    Cn-xlon.   C.  g. 

M  .    Aniiy   HIilK.     St     I"nul.    fur   ■  i.  - 

llt<n  iif  noiil  and  KrudInK  In  coIim'-- w<mi  t\iili 
n.w  Ktuhic*  now  bvlnc  con«tniri«l  nt  Kort 
Sn.'IIInK 

Fulton.   Mo.-   rmll    I  P.   li    Thur- 

iiioiul.   I'ltv    Knk-lnr.r  |.    vein     iimi- 

Ti.l.ltn    :u  .1     l.>;i"i    ft      i;'  illi    ami    (!Ul- 

■i;  4.000  tu    v.l"    .\.;iVHtlon.     Offl- 
-•■im-nl    will    Ix-    found    ••Iih-wIktc 

■ny.    N.    Y.  — I'ntll   3   p.    ni..    Al.iy    17.    by 
"f    fontnul      and       Supply.       lalilnn- 

iiin       .<..r.Iii\        I..1      fiill.iU'lriK     wurk: 
:nK     witir     vilrlll.-.l 

.1   for  tH. witli 


I  nil 

'  :«. 

I:--     -     ■ .^ ....    *»U0 

r*t|ulrtil   with    hidl. 

New   York.  N.   Y.— I'nfll   11   n     m      May   17. 

'               •  ...              ,   Lands 

I  '     at    th.- 

for  r.-tt- 

'-  izirik*    t),.     M'.ulway    of 

I  ■xlnKJ'   lIlKbwav   to  Ave. 
I 


May   IS.  by   Boai^  Pub- 
lath  St..   from  People* 


Troy.  N. 
Ill  Work.". 
A\.-       to     f 

Cleveland.  O.— I'ntll    11   a.   ni..    May   29.   by 
Wllhaiii   K     HIark    f'Ifrk  Poiintv  fommliwlnn- 

■  ■r«.    for    II ' '■    ' •    ' -   ■ 

Init     of     <■. 
Hittil    In    I: 

lln**of|Ci>.   k%      i.i\'i       io«i;^riiii      "I     i.'"h\      I.iv- 

••r  Township.       Ortltled  iliwk  for  11.000   re- 
<iulri-.l    with   hid 

Norv. 

t>     I". 

aihlz' 


Sl-.l-       !(._:. .■..!.      (■■■II 

St.   Clairivllle.   O. 

I>      II      M:n        \     M,-. 

■  •rhilx.  for 
pav  liii;  u  I' 
Klrto-i,.    f.,r 

Steubenv 

Coiinlv     I- 

■| 


'lUa.    O. 

2r,.    by 

■■■•    'nn- 

od 

■  nl 

i-y 

'•'■k 

'IB. 
III! 

il.      Ilii;!   ■.\..%     I  ■■.Miiiilil- 

lil    :    ^"   1.     n.       M;i^    2'.. 
Ill 


1.  >d<.  vkcdvittioii.     J.  ru<-uii.  cu>  i^iiiii- 


.  ■  r,    fonritllnMll.-.    I",i         om- 
oi-nt    will    b«    found    rUvwhere 

J«ck*on,    T«nn.     I'tiill    Junr    I,    by    Alwcll 
riioiiipiion,    cii)     Kliiiiioir.    for   work    In    Ini- 

!•(■■% Mf        I'litll't        -\..  •■         III-      U.ltk       llM     IllltllO.' 


Fort   Monroe.   Vi.— I'ntll   10  a.   m..  Moy  IS. 

by   Caiit      Krti.-.f    R     Tllion     fnri«tm'-iln(r   Q 

Ktru' 
niai  .1 
Kort    .M..M... 

Roanoke.  Va.— Until  no<^in.  May  17.  by  R.  H. 
WIIIk.  I'lty  L'liTk.  for  puvInK  portions  of  two 
■trrrtu 

Milwaukee.    Wl».— I'ntll    10:S0   a.    m..    May 

I'ublb-        Workn.        I'harl.-n     J 

'luin,    for   roiiHlru'  tlni;    i-i-iiiont 

cftnent    i-urh    anil    culler    on 

:.•  I     \^•         >  ■rllfli'J   check    for    1150    ri-<iulri-d 

with    bid. 

Milwaukee.  Wis.— I'ntll  10:3o  a  ni  ,  May 
13.  by  I'oard  Public  Workf.  i-liarhn  J. 
Poctitch.  t'hiilmuin,  for  Kiadlni;  .inil  iiuicad- 
aniiilnfc  tin-  roadway  and  KnidltiK  Ihi-  aldc- 
walka  on  the  eont  "A  of  22d  Ave.  CertltlcH] 
check    for   1200    required    with    bid. 

Sewers. 

Bids  are  asked  on  fulluwInK  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Chicago,  ill.— I'ntll  II  a.  ni..  .May  19.  by 
Board  I..<>ial  Improvements.  C.  A.  V.  Stand- 
l."ih.  .Secretary,  for  H  contracts  for  con- 
structlnB     tile     pipe     sewers. 

Clear  Lake,   la.— L'ntil  .1  p    m..   .May   17.   by 

J.    C.    I>aMnport.    Town    Chrk.    for  lonMruct- 

in-.^'     .1      -.ililtary     sewer    .t^-. -'■ki      r  ■  '  ^iini;    a 

k.      The  work  ■  i     of 

■  ipe    sewer.        t  nell. 

I  .  Scarritt  HldK  Mo. 

Angola.  Ind.— L'ntil  7:3o  p.  m.,  .May  21.  by 
Roy  lllrsl.  City  Clerk,  for  the  construction 
of  a  main  sewer  and  a  disposal  plant. 

Evantviile.  Ind. — l'ntil  In  a.  m..  May  IS. 
by  I>ei>artinent  Public  Works.  Walter  F. 
Wundcrllch.  Ch'rk.  for  constructInK  local 
Sewer  In  Jackson  Ave.  and  locnl  sewer  in 
Taylor  .We. 

Louitvllie.  Ky. — L'ntil  noon.  May  H.  by 
Sewerai:*'  Commi.nsloners.  J.  B.  K.  Bre<'d. 
Chief  KnKlneer.  for  I'ontnioi"  N"  :•>  and 
No.    39.       The    work    will    coi  ■■     of 

bullillnR  alsiut    I.Siii)   ft.   of  c.i  ;  pipe 

sewers.   24    Ins.   and    IS  Ins.    In   ..  and 

IncludInK   atxiut    2"0   cu.    yds.    ul   ctmcrete. 
Albert   Lea.   Minn.— L'ntil  Jun.-  1".   hv  Wm 
City    Knclneir.    for    ■         " 
iirick  or   coniTele   .-■ 
■-'  ir<:.    Iln.     ft.     l.'.-ii 

11"  'In.    bv    4S-|n.    niTii r,- 

crei.  I.1U     lln.     ft.     Li-ln.    by    4S-ln. 

hnr  ■.  d    s.-w.-r     1  H"    lln     ft.     12-in. 

1-    In     eKU  l'.>7   lln.  ft. 

I    3:;-in.  Ii>  •  d   sewer. 

outlet.      •  Invirl. -I 

H_\i.lM.f;      M-waKe     lift     I'lini]'      '• 

Albany.    N.   Y.— I'ntll    3   p.    i 
Board      of     Contnict      and      .-^    . 
\Va«-hsman.    Swretarv*.    for    i>on»li  uciUik     12- 
In.   vltrllled  pipe  sewer  In  Jav  St.       Bond  for 
|l«0    re<|ulred    with     bid. 

Brooklyn,    N.   Y I'mll    II    a.    m.   May    17. 

by     Bird    S.     Coler.     HorouKb     President,     for 
conslrucilni;    sevenil    sewers 

Youngttown,  O.— I'ntll  noon.  May  21.  by 
Bonr.l  l-iilillc  .S.TVlce.  W.  H.  McMIIIIn. 
Ch-rk.  for  sewerlni;  Burnett  St.  Bond  for 
tIDO    re<|ulr>'ii    Willi    bid. 

Wadiworth,  O.  l'ntil  noon.  May  28.  by 
VIllnKe  Clerk,  for  construrllnic  about  six 
miles  of  sanitary    sewer. 

Seattle.    ■'.•     >-  '        '' 

I'llhllc    \' 
n—T     foi 


noiii    will 


«    ft      ill 

The     Wo- 

■  Ions 

manholee.    .  ti         oin.iai    ji. .:;.■> 

Im-    found    eU*-wher»-     In     this    lusoe 

St.    Tho."«,     rini       t  otii    no<in.    May    18.   by 
Ju«.  A  i-er.  for  cunatructlng 

a    sr  wu .  t . 


Water  Supply. 


1 1  <titi 

fU>M: 


\   iiM  I  I  .^n  \       KroiiiMii 

Kallmaled    roal    Is 


Bids  are  asked  on  foliowlnc  work,  the 
notes  being  arranged  alphabetically  by 
states: 

Clearwater.  Fla.— ITntll  Junr  1  lextenshm 
from  .\pr  zii.  by  Tiios.  J.  Sheridan.  City 
Clerk,  for  conslrurling  water  works  and 
sewer    system. 

Chicago.  III.  I'ntll  II  o.  m..  Mnv  19.  by 
Bouiil  L...  al  lm|pro\.in.nts.  C  A  V.  Stand- 
Ish.  .S.I  re  la  rv.  for  :'(.  contracts  for  con- 
strucllnic  water  supply  pipes  and  IK  con* 
tracts    for    wat-T    8<-rvlee    pipes. 

SMvli.  III.  — I'nill  1"  ..  Ml  Mav  L-:  l.v 
Bfsird    L»cal    Imp- 

Secrelary.      for  f 

310.01)0    Kiillons'     1.1...  i;        .      ;   -  .  .      k. 

Kngineer.    .Mollne.    III. 

Muncle.    Ind l'ntil   .May    IS.   by  JoMph   E. 

Da  !v    Auditor,    for    Installing   com- 

pr  ■•■in    of    water    works    for    coun- 

ty 

Bowling    C •■  'V 

2".     l.v     \\       I 

nl-l.i:  -■      ,■  ■! 

|ia  ■! 

ni 

Wk 

Concord,    Mass.— I  niil     l<< 
by     Water    and     S*-wer    Co-  r 

bulldInK    lnt:ii '     '      '■- 

The    work    1-  f 

16-ln.    pipe. 

In.    I'lpe   ilir-.i-o 

200    ft.   of    l«-ln.    I 

200    ft.    of   H-in.    I  . 

of   6-ln.    pliie.    blow -■•11.',    • 

In.    pipe,    blow-offs.    el<-.        I. 

1  .imi    en      v>l«         Porllnnil 

20  •.-!-...  , 

Pll'i-      >\?it'ril,       iiillI'lliiL:      k.lO-      ■I.IIIII--I       ::;       ...e 

dam.       Metcalf  &   Kddy.   Knglneers.   14    Bea- 
con   St..     Bo-itor.      Mn-« 

Springfield  -• 

bv    W.il.  r    I 

Clip  f    r.:  .-i-  I 

or 
C 

On.' 

Consultliiii    llinjiiivvts,    lu-    1'j.ik    Av-..    New 
York. 

Albert    L'l     Ml--      '••oil    -.   \i,.v    i.-t. 

by     Wn 

ter  nui;  J 

main,     i >i •- •     •-- .-.-19 

■  In.  ft.  4-in.  water  main.  1»  e-tn.  gate  valves. 
5   4-ln.   iraie   valves. 

Qien    F 
by    A 

ing     ell 

with   «  I   '■■•'    J.  -  ' ■- 

•liilred 

Ea«t  T  .-•n.    May    U. 

b\  for   lab«ir 

at  ■!.    of    S-ln. 

ca.  .       

McAlester.    Okla.     Intll    :  .1"    p     in 
♦4.    l.v     I      M     Canriiwuv     I'llv    Cl.rk     t 
SIi 
2.-.  >• 

In.    <      1 

5    «-ln  I 

C.    1.    !>• 

3.2&0    lln      II      -    in      aim     I'-^-ii'      i:ai      uon    i-iim- 

Ksilinated  coat  tlS.7(M.      J.  Phrtan.  City  Kn- 

clni-er 


4t      Ko.vul      .Ml. 11.11  >       full.  iii. 

Estevan.    Bask.     I'ntll    Xny    !«    (extension 


■    If      .^i       .ir.-l      Miili'.ri-,      ."-l  i-.,i<-i-t(ii', 

'    Ac    Co.    Knglnn-rs.    410   UranI    Bldg.. 
iri; 


Scottdale.    Pa 

K      .M      .Nl  «...!. 


rilled   l.rl.  k    or   1 
Inc  with  lilll>l.|. 


I'-l- 
atid 

I  oronio 
.Mavor  .1 
C.-ritrol. 


low  - 
Ins 


,^-lll,    plpi.    5   null 


«    ft.    « 
ir    sower. 


ai 
P- 


Miscellaneous. 

I  lids  are  naked  on  following  work,  the 
iioi<<s  being  arranged  alphabetically  by 
stale*: 

New  Oritani.  La.— Tow  Pont  -  t'ntil  II 
a.  m  .  June  1.  bv  Cnpt,  II.  BurgeKn  1".  8. 
Knars  .   3331  St.   Charles   Ave  .    New    Orleans, 
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for  constructing  and  delivering  a  steel  liull 
stern-whetl    tow   boat. 

Boston,  IVI  ass.— Street  Ligliting.— Until 
July  1.  bv  Guv  C.  Emerson,  Superintendent 
of  "Stieets,  fai-  gas  ligliting  streets,  alleys, 
etc..    for  a    period    of    five   yeai  s. 

Cleveland,         O Timber         Trestle.— Until 

noon,  Miiy  30,  by  E.  H.  Jlclntosli.  Secretary 
Board  of  Public  Sei\iee.  for  tlie  constiuc- 
tion  and  completion  of  a  timber  trestle  over 
Kingsbury  Kun,  from  E.  both  St.  to  Ber- 
wick Road.  S.  E.  Certified  check  for  $1,000 
required   with  Lid 

Wilkesbarre,  Pa. — Street  Lighting.— Until 
noon.  May  2u,  bv  Fred  H.  Gates.  City  Cleik, 
tor  lighting  ceitain  stieets  with  aic  electric 
lights. 

Fort  Bliss,  Tex.— Bowling  Alley.— Until  10 
a.  m..  May  15,  by  Constructing  Q.  M.,  for 
the  construction  of  a  bowling  alley  on  the 
Military    leservation    at    toil    Bliss. 

Wheeling,  W.  Va. — Dam  Work. — Until  11 
a.  m.,  June  8,  by  Capt.  F.  W.  Altstaetter. 
U.  S.  Engrs.,  Wheeling,  for  constructing 
abutment,  piers  and  weirs  for  dam  No.  11, 
Ohio   River. 

Ashland,  Wis. — Riprap. — Until  noon  June 
8,  by  Lt.  Col.  Graham  D.  Fitch.  U.  S.  Engrs., 
Duluth.  Minn.,  for  furnishing  riprap  at  Ash- 
land,   Wis. 

Superior,  Wis. — Stone  and  Pebbles. — Un- 
til noon,  June  7,  by  Lt.  Col.  Graham  D. 
Fitch,  U.  S.  Engrs.,  Duluth,  .Minn,,  for  fur- 
nishing stone  and  pebbles  for  Superior  En- 
try, Wis. 

Toronto,  Ont. — Underground  Conduit. — 
The  Citv  of  Toronto  will  shortly  call  for 
tenders  for  the  laying  of  underground  con- 
duit. For  specifications,  apply  to  the  Elec- 
trical Dept.,  City  Hall.  OiHcial  advertise- 
ment will  be  found  elsewhere  in  this  issue. 
Moose  Jaw,  Sask.— Sinking  Test  Well. — 
Until  8  p.  rn..  May  31.  by  John  D.  Simp- 
son, City  Clerk,  for  sinking  a  test  well  for 
gas,  oil  or  water.  Bids  are  wanted  for  a 
well   2,500   ft.   and   3,000   ft.    deep. 

Excavation,  Earth  and  Rock. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alphabetically  by 
states: 

San  Diego,  Gal. — Dredging.— Until  11  a.  m., 
June  4,  bv  Capt.  Amos  A.  Fries,  U.  S. 
Egrs.,  723  Central  Bldg.,  Los  Angeles,  for 
dredging   at    San    Diego    Harbor. 

Washington,  Barracks.  D.  C. — Filling. — 
Until  noon.  May  22,  by  H.  L.  Pettus,  Con- 
structing Quartermaster,  Takoma  Substa- 
tion, Washington,  D.  C,  for  furnishing  and 
delivering  eaith  for  filling  at  Washington 
Barracks,  D.  C,  either  by  hydraulic  dredge 
or  hauling. 

Valparaiso,  Ind. — Ditch. — Until  1  p.  m.. 
May  22.  by  Geo.  Haxton,  Construction  Com- 
missioner, at  the  ofBce  of  Johnston  &  Bar- 
tholomew. Valparaiso.  Ind.,  for  the  Bobbins 
Ditch,  the  work  including  40.144  cu.  yds. 
open  ditch,  suitable  for  dry  land  excavators: 
also  for  8,095  lin.  ft.  drain  tile  10-in.  to  18- 
in.       Estimated   cost    is    $6,200. 

Baltimore,  Md. — Dredging. — Until  1  p.  m., 
June  7,  bv  Maj.  W.  E.  Ciaighill.  U.  S. 
Engrs.,  Room  309.  Custom  House,  Baltimore, 
Md.,  for  dredging  in  Claiborne  Harbor,  Elk. 
Chester.  Warwick.  La  Trappe,  Wicomico  and 
Pocomoke  Rivers.  -Md..  Nanticoke  River. 
Del.  and  Md.,  and  Broad  Creek  River,  Del. 
Redwood  Falls,  Minn.— Ditch  Work. — Until 
2  p.  m..  May  27.  by  L.  P.  Larson,  County 
Auditor,  for  constructing  Judicial  Ditch  No. 
5  the  work  including  12,600  ft.  of  plow  ditch 
3"  ft.  deep,  7  ft.  wide  on  top  and  18  ins.  wide 
on  bottom;  also  45.500  ft.  of  plow  ditch  5  ft. 
deep,  10  ft.  wide  on  top  and  2  ft.  wide  on 
bottom;  estimated  cost  of  plow  work  is  $7,- 
053;  also  20.525  cu.  yds.  of  scraper  excava- 
tion, estimated  cost  of  which  is  $3,078;  also 
809  rods,  average  cut  14  ins.,  hand  shoveling 
in   bottom   of  plow    ditch. 

Kenton,  C— Dredging. — L'ntil  10  a.  m.. 
May  24,  by  James  C.  Paling,  County  Engi- 
neer, for  dredging  of  Lower  Scioto  River 
Improvement  No.  123.  Estimated  cost  $u.OOO. 
Fort  Moultrie.  S.  C— Dredaing. — Until 
noon.  May  31.  by  the  Constructing  Q.  M., 
for  dredging  channel  from  quartermaster's 
wharf.  Fort  Moultrie,  to  Charleston  Harbor, 
S.   C. 

Guayama.  P.  R. — Irrigation  Work. — Until 
2  p.  m.,  June  14,  by  B.  M.  Hall,  Chief  Engi- 
nei-r  Porto  Rico  Irrigation  Service,  for  the 
construction  of  about  24  miles  of  main  ca- 
nal with  appurtenant  structures,  including 
four  tunnels  and  five  reinforced  concrete  si- 
phons. The  estimated  cost  is  about  $155,000. 
Plans,  etc..  may  be  obtained  from  Mr.  Hall 
or  from  the  Commissioner  of  the  Interior, 
San  Juan,  Porto  Rico,  or  from  the  U.  S. 
Reclamation  Service,  Washington,  D.  C.  Of- 
ficial adv.=itisement  will  be  found  elsewhere 
in   this  issue. 


Materials,  Machines,  Supplies,  Etc. 

Bids  are  asked  on  following  work,  the 
notes  being  arranged  alpliabetically  by 
states: 

Mobile,  Ala.— Asphalt  Repair  Plant. -- 
Boaid  Public  Works.  Wright  Smith,  Chief 
Engineer,  wants  small  a.sphalt  mi.xing  re- 
pair riant  of  capacity  of  about  2o0  yds. 
per    day. 

Washington,    D.    C Lathes,    Tools. — Until 

2  p.m..  .Mav  21.  hy  James  Wilson.  Secretary 
of  .AgiKUltuie.  for  furnishing  and  delivering 
lathes  and   other   shop    tools. 

Washington,  D.  C— Cranes,  Buckets,  Etc. 
— Until  lu:30  a.  m.,  .May  24,  by  Capt.  F.  C. 
Boggs,  Geneial  Purchasing  Officer,  Isthmian 
Canal  Commissiun.  tor  furnishing  under  Cir- 
cular 508  locomotive  cranes,  oiange  peel 
buckets,  pneumatic  hoists,  duplex  pumps, 
pire-thieading  machine,  woodwoiking  ma- 
chines flanging  clamps,  driving  wheel  jacks, 
washer  cutters,  belt  punches,  malleable  iron 
castings,  steel  forgings,  chain,  steam  and 
vacuum  gages,  rark  berclies.  lumber,  etc.. 
Are   clay,   asbestos   cement,   etc. 

Key  West,  Fla.— Conveyor  System.— Until 
11  a  m..  June  5.  bv  Bureau  Yards  and 
Docks.  Navv  Department,  Washington.  D. 
C.  for  a  coal  conveyor  system  of  the  gravity 
bucket  type  at  the  U.  S.  Naval  Station,  Key 
West. 

Atlanta,    Ga Cement    Testing    Apparatus. 

—Until  10  a.  m.,  Mav  31,  by  R.  V.  LaDow, 
Superintendent  of  Prisons  and  Prisoners, 
Washington,  D.  C.  for  furnishing  and  de- 
livering at  U.  S.  Penitentiary  at  Atlanta, 
a    cement    testing    apparatus. 

Baltimore,  Md.— Grass  Destroyer.— Until 
11  a  m.,  Mav  19,  bv  J.  L.  Wickes,  Com- 
missioner of  Street  Cleaning,  for  furnishing 
the  department  of  street  cleaning  with  a 
preparation  for  destroying  gi-ass  and  weeds. 
Bemidji,  Minn. — Fire  Hose. — Until  8  p.  m.. 
May  24,  by  Thos.  Maloy.  City  Clerk,  for 
1,000    ft.    of    2V2-in.    triple-jacket    fixtures. 

Fort  Totten,  N.  Y. — Automatic  .Anchors. — 
Until  noon,  June  1  (postponement  from  Apr. 
15),  by  Capt.  J.  A.  Shipton,  Disbursing  Of- 
ficer, U.  S.  Torpedo  Depot,  for  supplying 
automatic   anchors. 

Yonkers,  N.  Y. — Engine,  Dynamos,  Etc. — 
Until  S  p.  m..  May  17,  by  James  D.  Mcln- 
tyre,  Seoretai-v  Board  Contract  and  Sup- 
p"ly  for  the  furnishing  and  delivering  f.  o.  b. 
Yonkers,  of  one  engine,  to  be  connected  di- 
rect with  dynamo,  of  standard  make  and 
guaranteed  to  supply  7-kilowat  power,  with 
a  voltage  of  115.  Also  a  submerged  cen- 
trifugal pump  connected  direct  to  a  stand- 
ard motor;  the  pump  and  motor  to  be  flrst- 
class  in  every  respect,  and  fully  equipped 
with    all    necessary    auxiliaries. 

Brownsville,  Pa. — .\ir  Compressor  Plant. — 
Until  noon,  June  9.  by  Maj.  H.  C.  New- 
comer, U.  S.  Engrs.,  Pittsburg,  Pa.,  for 
fi  inishing  and  installing  a  water  power  and 
compres'sor  plant  at  New  Lock  5,  Mononga- 
hela    River,    Brow-nsville. 

Philadelphia,  Pa Freight  Elevator. — Un- 
til 11  a.  m.,  Mav  17,  by  Col.  F.  L.  Denny. 
Q.  M.,  U.  S.  Marine  Corps.  Washington. 
D  C,  for  furnishing  and  installing  com- 
plete at  the  Depot  of  Supplies.  1100  South 
Broad  St.,  Philadelphia,  one  electric  freight 
elevator. 

Pittsburg,  Pa. — Motor  Cycle. — Until  noon, 
Mav  17,  liv  R.  J.  Cunningham,  County  Con- 
troller, for  one  motor  cycle  for  office  of 
County    Engineer. 

Madison,  S.  Dak,— Gas  and  Electrical 
Equipment.— Until  8  p.  m..  May  12.  by  Wm. 
Rae,  City  Auditor,  for  furnishing  producer 
gas    and    electrical    equipment. 

Fort  Monroe,  Va. — Screens. — LTntil  10  a. 
m.,  Mav  27.  bv  Capt.  Ernest  R.  Tilton,  Con- 
structing Q.  M.,  for  wire  door  and  window 
screens  for  15  new  buildings  at  Fort  Monroe. 
Seattle.  Wash. — Metal  Shelving. — L'ntil  3 
p.  m..  May  19.  bv  James  Knox  Taylor,  Su- 
pervising Architect,  Washington.  D.  C.  for 
metal  vault  shelving  for  the  U.  S.  Court 
House,  Custom  House  and  Post  Office  at 
Seattle. 

Manila,     P.     I Gate    Valves,    Hydrants.— 

Until  noon,  July  1.  by  H.  L.  Fisher,  See- 
retarv  of  the  Municipal  Board,  Manila.  P.  I., 
for  furnishing  gate  valves,  air  valves  and 
fire  hydrants  for  the  city  of  .Manila,  Phil- 
ippine Islands.  The  total  amount  to  be 
furnished  will  be  160  gate  valves,  20  air 
valves    and    325    fire    hydiants. 

Pretoria,  Transvaal.— Drills. — Until  noon, 
Julv  9,  bv  .lames  R.  Leish,  Cliairman  of  the 
Tender  Board,  P.  O.  Box  376.  or  Room  No. 
53.  Law  Courts  Bldg..  Pretoria.  Transvaal, 
for  portable  non-traction  percussion  rope 
drilling  machines  capable  of  drilling  a  hole 
of  6  ins.  diameter  to  a  depth  of  1.000  ft. 
for   the   Department  of  Land   and  Irrigation. 


CONTRACTS  LET. 

The  following  contracts  have  been  let  re- 
cently: 

ERIDGES. 

Savannah,  Ga.— Bridge.— Gadsden  Con- 
tracting Co.,  Savannah.  Ga..  at  $6,500,  for 
constructing  Dundee  Canal  Outlet  lock  and 
bridge    of    reinforced    concrete. 

Des  Moines,  la. — Concrete  Amphitheater. — 
Des  Moines  Bridge  &  Iron  Co..  at  $78.9^0  for 
constructing  a  steel  and  concrete  amphi- 
theater   on    State    Fair    Grounds. 

New  Hampton,  la. — Councrete  Bridges. — 
M  N  Stark  &  Co..  Des  Moines,  la.,  at  $6,558, 
for  constructing  16  concrete  bridges,  for 
county. 

Rock  Falls,  III.— Bridge.— John  P.  Harvey, 
Amboy.  111.,  at  $1,225.  for  constructing  bridge 
across  the  ditch  one-half  mile  west  of  Zion 
Church. 

Goshen,  Ind Bridges. — Contracts  for  coun- 
ty bridges  have  been  let  as  fohows:  Elkhart 
Bridge  &  Iron  Co..  Elkhart.  Ind.,  three 
bridges,  total  $20,180;  D.  D.  Lehman.  Middle- 
bury  Ind..  five  bridges,  total  $2,875;  Van 
SKyhawk  &  Kitch,  Bremen,  Ind..  two  bridges 
$l,b95. 

Lebanon,  Ind. — Bridges.— Geo.  T.  Miller  at 
$317  and  $129  and  $129  for  construction  of  3 
bridges-  D.  W  Bokannon  at  $345  for  1 
brldg"  D.  P  Turner  at  $4t)8  for  1  bridge; 
Shahan  &  McCarthy  at  $2S0  for  1  bridge; 
John  .\dams  at  $238  for  1  bridge.  Companies 
all  of  Lebanon,  Ind.  Work  to  be  done  for 
county. 

Newport,  Ind.— Steel  Bridges.— Lafayette 
Engineering  Co..  Lafayette.  Ind..  at  $4,168, 
for  constricting  two  64  ft.  span  steel  bridges 
with  concrete  floor  and  substructure;  Attica 
Bridge  Co.,  Attica,  Ind..  at  $92.i,  on  one  54 
ft  steel  superstructure  with  concrete  floors; 
Jolin  O.  bright,  Clinton,  Ind.,  at  $723  if  no 
piling  is  used  and  $925  if  piling,  for  sub- 
structure. 

Clearwater,  Kan.— Bridge  Repairs. — Wichi- 
ta Construction  Co.,  Wichita.  Kan.,  at  $1,925, 
for  repair  work  on  the  bridge  over  the  Min- 
nescah  River  two  miles  west  of  this  place 
for   county. 

Newton,  Kan.— Pile  and  Steel  Bridges. — 
County  Commissioners  of  Harvey  County 
have  awarded  the  following  bridge  con- 
tracts: Pile  bridge  76  ft.  long.  16-ft.  road- 
W.1V,  B.  H.  Northcott,  for  $450;  pile  bridge 
61  ft.  long,  14-ft.  roadway,  between  Sections 
29  and  32.  Richland  Twp.,  A.  L.  Lewellen, 
for  $273;  deck  of  this  bridge  to  be  of  lum- 
ber from  old  bridge;  steel  bridge  156  ft.  long, 
16-ft.  roadwav,  with  concrete  floor,  across 
Little  River  in  Halstead  Twp..  Illinois  Steel 
Bridge  Co.,  Hughes  &  Hammond  of  Kan- 
sas   City    as    agents,    for    $2,525. 

Paducah,  Ky.  —  Bridges.  —  Vincennes 
Bridge  Co.,  Vincennes,  Ind.,  for  construc- 
tion of  Clark's  River  bridge,  including  300 
ft.  reinforced  concrete  bridge  and  120-ft. 
steel  span;  Vincennes  Bridge  Co.,  at  $3,300 
for  constructing  bridge  across  Perkins 
Creek. 

/:nn  Arbor,  Mich,  —  Bridge  Work. — 
Toledo  -  Massillon  Bridge  Co.,  Toledo.  O., 
to  supply  the  structural  iron  for  bridge 
improvements  on  the  Ann  Arbor  Railroad. 
The  principal  steel  bridge  structure 
will  be  over  the  Huron  River  at  Ann  .Arbor. 
This  bridge  will  consist  of  nine  span  girders, 
six  of  them  SO  ft  long,  one  50  ft.  long,  one 
46  ft.  long  and  one  24  ft.  long.  The  total 
length  of  the  bridge  will  be  104  ft.  The  other 
structure  i\ill  be  a  104-ft.  trestled  truss 
bridge  over  the  Schawossa  River  at  Byron, 
near  Owosso.  The  construction  of  the  latter 
bridge  is  already  under'  way.  and  work  will 
he  begun  on  the  Huron  River  bridge  in  a 
short  time. 

Magnolia,  Miss.— Steel  Bridge.- Vincennes 
Bridg''  Co..  Vincennes,  Ind..  at  $2,990.  for 
constructing  steel  bridge  (one  100  ft.  steel 
span  and  two  50  ft.  spans)  at  Holmesville, 
for    county. 

London.  O.— Bridges.— Mt.  Vernon  Bridge 
Co  at  ^S  9'^'^  for  superstructure  two  120  ft.. 
18  ft.  riveted  24  ft.  trusses  and  concrete 
floor  slab  with  cresoted  block  paving:  Win- 
chell  &  McDaniel.  at  $5,219.  substructure  for 
Big  Darby  creek  bridge.  Post  Road. 

Portsmouth,  O. — Masonry  .Abutements. — 
J  A  Davis.  Otway.  O.,  at  $3.S5  per  cu.  yd. 
f.ir  stone  abutments  and  excavating  for  two 
bridges. 

Newkirk,  Okla.— Bridges —Illinois  Bridge 
Co  at  S24.9S5  for  constructing  bridge  over 
Arkansas  River  east  of  Newkirk.  Missouri 
Vallev  Co..  at  $24,200,  for  bridge  over  Ar- 
kansas east  of  Ponca  City.  Topeka  Bridge 
&  Iron  Co.,  at  $10,500.  for  bridge  across 
Chicaskia  near  Nardin.   for  county. 

Allentown,  Pa.— Bridges —D.  L.  Eman- 
uel,   for    excavating    for    and    building    new 
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Hrick    Co.,    ZaoesvlUe,    C,      for      one 

'       Ore Asphalt      Paving.      Ktc. — 

I  alt    I'avInK   Co..    at    JIT  1.000.    for 

111     on     HnwH'orn-     Ave.;     Mon- 
lai        .  .  !  .  ■  for      laying 

Belgian  bl.  1. 

Erie,  Pa.  •«..  for  grad- 

ing, curbing  iiid  ;iu\l!i);  lUli  ^jl.,  from  State 
to    Parade-    St. 

KinriKtcn      P.l.       r;i\lT.;.*        H.     G.     CoOh.     Dor- 

•'.    for    paving    on 
t     sicel     protected 

New  Cattle.  Pj.  InMng— J.  H.  *  M  E. 
Mili'-r.  nt  II  '.ij'j  for  paving  Boylea  Ave.  and 
giioling  of   '•  -■ 

New  Bri.  ing. — J.  H.  ft  M. 
P.  .M|i|<T.  for  pavlniT  12th 
p.  ,     .  ,  ....    ,^_ 

K. 

1 

Mc'. 


b  and  Sidewalk.— J.  C. 

f..r      ,  ..:,.|i  ,1.  li.ji     ,,r 


SEWDI8    AND    WAin    SUPTLY. 

Denver,      Colo.— Sewers.- The      Denver    tk 

'...bio  Construction  Co.   at   124.68!*.  for  con- 

ilng  new  sewer   In   Swansea  and  South 

•,    ^   _i.v--    /----      IV  .1.-    1  .,...1      ''.ore- 

•t 
lln. 

i.      ,    ft. 

ot  lined  tunnel  for  the  New  Haven 


•,.■  f!     !■.  Ill    |.ii...    ..'I  n    '.  in    I'll"-. 
Iranls.  *  gate  valves  and  necetvary 


Hammond,    Ind. 
for  cfinntructing    V.t 


Washington,     Ind.-    Dlicli 
nlngluim.   Klnorn    Tn.I      m*   f.' 
Ing   th>-   Maml 

Hutchlnton.    f 
1  -..LHt    Co  .  at   ;  „        - 

••xteriHlori^.   ^.ifo'i    (I. 


Brothera, 

•r. 

Kerns. 
fl  ft  for 
iry  sewer 

•  'has.    E.    Cun- 
■'    for  cotMtruct- 

Ihivls-Henser 
:  r  constructing 
-In.   sewer  at  34 


|.er   ft  ,    l.soi)    ft.    I!-ln.   sewer  at  5«  eta. 


ft. 


Carthage.  Mo. — I" 
man.  Jo|illn.  .Mo     h- 
Ing  well   11    In     ' 
Ing.     The  com 
per    ft.    to    th. 
tliat     the    prl.  ■ 
I.Ofin  ft.  of  d>i 
to    l.IfiO    ft.,    t' 
with  an   incri. 
additional   l«n  ' 

Trenton,    Mo 
lion    Co.    St     .I..^.i.i.     M 
of  sewer  In   District  8. 

Cincinnati,  O. — Sewers— W 
at  14.142.  for  laying  si-wers  I 
Ave..    Wilson    Ave..    Hearne   a 

Mt.    Cllead.    O.— .-^ 
M     W.  Shaw  «:   Co 
conHtructing     yanlt.. 
plant       The    work 
under  6  ft..  1.020  fi  ■ 
375   10  to  18  ft.;   4.^ 
10-ft.  pipe,  iuo  ft     1.'  -Ill 
and   "4   acre  of  filter  be<l 

Hugo.  Okla.— \v  ..t.  r   c 
&    Son.    Juncl; 
constructing 
works  including    

Oklahoma     City,     Okla. — S-w.rs 
Wiles,  for  constructing  «,-«■.  .-■'   '•'    N- 
Hiilevue  Ave.,  and  '' 

New  Cattle.  Pa. — 
$714.    for    construct .-  . 
Vine  St. 

New     Wilmington, 
Mnrtiuls    &    Wallace. 


—P.  D.  Crosa- 
g  Md  for  drlll- 


iiiil 

■  ft. 

ft.. 

I'.r   each 

I  "onstnic- 
(uc    construction 

11  .11  ...^der. 
.  ker 
We. 


•r.  n.  h 
to  10  ft.. 
■J    Mm    ft. 

lank 
f  c. 

'  ook 

for 

■  .Iter 

rr     ft 
Ave., 

■    K, 

r.  at 
r    on 

Pa.— Sewer     System. — 
New    Castle.    Pa.,    for 
construction  of  sewer  tyatem  for  New  Wil- 
mington. 

Philadelphia,       Pa.— Main       -■ 
tracts    for    the    conntrii.  Il.m 

btlVe      I.... .11       l.-t       :!••      <..n..'V« 

>t    , 

I  In- 
"    ft 


t..ir,ll      ,v 

tension.    1 
mlng  Av. 

Salt     Lake     City,     Utab 
Bids     rceivetl     .\yr.     23. 

W..rk-.      I.      .■      K.  !-■  V. 


\yo- 


l.e- 

•    at 
fol- 


Lake    City.    Ut  < 
I'     J      .Mot... 


4«. 


loU». 

Kxaavatlon.    Sf.OOO    eu.    yds t    .45 

Cast   Iron  pipe: 

4-ln.,    ino  lln.    ft  .SO 

«-ln.,    90.000    lln.  90 

8-ln..     «,000    lln.     ft..  ■  '  ' 

10-ln.,    «.:oo    lln.     ft..  I 

1?  In       X.TOO    lln.    ft...  .   . 

■  14    lln.    ft 3  S4 

latlngs.     (iS.0O0  .04S 

0-111..     ■  ■     ' 
S-ln., 

min  . 

47.00 

4«.00 

\''^.    en.    ?70 4.76 

»l.00 

U.OO 

1.00 

Salt    L«k'    City.    Olab  h  — 

ZoriM'  A   Wiilk.r    nl  II  4'  .ink 
f..r    ...ii,    Ward    pipe    line    .;.       ..,     .  ...„    k^n- 
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Bellingham,  Wash. — Sewers.— Fred  McEl- 
mon.  at  $14,231.  for  laying  seiver  in  Eldridge 
Ave.,  from  Broadway  Str.  to  a  point  near 
Squalicum  Creek  and  on  Holly  St.  from  G.  to 
Broadway  St.s.  The  main  sewer  west  of 
Broadway  will  consist  of  :J40  ft.  of  S-in.  pipe. 
890  ft.  of  10-in.  pipe.  692  (t.  of  12-in..  (522  ft. 
of  14-in..  890  ft.  of  16-in.,  606  ft.  of  IS-in.. 
and  780  ft.  of  20-in.  Dine. 

Burlington,  Wis. — Sewer  and  Water  Ex- 
tensions.—  Bids  were  opened  l^y  this  city,  P. 
J.  Hnrtgen.  City  Engineer,  on  May  3.  for 
sewer  and  water  main  extensions,  the  con- 
tract being  let  to  N.  F.  Reichert,  at  the  fol- 
lowing itemized  bid:  1,239  ft.  l.i-in.  vitrified 
pipe  sewer.  .$1.00;  S24  ft.  10-in.  vitrified  pipe 
sewer.  $0.80:  944  ft.  12-in.  vitrified  storm 
sewer,  $0.80;  3  manlioles,  $30:  1.5  catch 
basins.  $22;  589  ft.  12-in.  vitrified  pipe  sewer. 
$1.25;  523  ft  8-in.  vitrified  pipe  sewer,  $0.90; 
one  manhole.  $35;  one  lamphole,  $10;  2,622 
ft  6-ln.  water  main.  $0.90;  919  ft.  4-in.  water 
main.  $0.75;  7  hydrants.  $15;  one  hydrant 
reset.  $10;  6-in.  gates  and  valve  boxes,  $15; 
4-in,  gates  and  valve  boxes,  $12;  total,  $7,615. 

Janesville,  Wis. — Sewers.— Mulholland  & 
Son.  at  $2,780.  for  constructing  3,918  ft.  8 
In.    sewer  for  city. 

EXC.WATION,     MISCELLANEOUS,     MATERIALS. 

New  London,  Conn. — Dredging.— Hartford 
cS:  New  YorK  Transportation  Co.,  Hartford, 
Conn,  at  11  cts.  cu.  yd.,  for  dredging  in 
Connecticut  River,  Conn.,  for  V.  S.  Govern- 
ment. 

Onawa,  la. — Ditcli. — John  A.  Brumbaugh, 
at  89  cts.  per  cu.  yd.,  for  constructing  Eisele 
Ditch,  including  57,000  cu.  yds.  of  excava- 
tion. 

Sycamore,  III. — Drainage  System. — Horton 
&  iloselev,  LaFayette  Ind..  at  11.48  cts. 
per  cu.  vd..  for  117,260  cu.  yds.  excavation; 
Clarence  Petrie,  Sycamore,  111.,  at  $2,148, 
for  tile  ditching,  including  620  ft.  24-in., 
8,020  ft.  20-in.,  2,000  ft.  16-in..  3,900  ft..  15- 
in.,  5,000  ft.  12-in..  12,020  ft.  10-in..  4.360 
ft.    S-in.    tile    drain. 

Kansas  City,  Kans. — Levee. — Callahan 
Bros..  Omaha.  Neb.,  at  $16,000.  for  construct- 
ing levee  on  right  banic  Kansas  River,  from 
West  Kansas  Ave.  bridge  to  Santa  Fe  pump- 
ing station.  Cameron,  McManus  &  Joyce, 
Keokuk,  la.,  at  $2,000,  for  excavating  left 
bank  of  Kansas  River  from  K,  C.  Belt  I^ine 
bridge  and  5th   St. 

Paducah,  Ky, — Brick  Stack. — J.  A.  Jewell 
&  Son.  Cincinnati.  O..  for  construction  of 
brick  stack  for   city   lighting  plant. 

Louisville,  Ky. — Concrete  Walls.  Etc. — 
Following  bids  were  received  May  1.  by  Capt. 
Lvtle  Brown.  U.  S.  Engr..  for  concrete  walls, 
etc.,  at  lock  and  dam  at  Grand  Rapids.  Wa- 
bash River.  (1)  standing  for  Ohio  River  Con- 
tract Co.,  Evansville.  Ind.;  12)  for  Ohio  Con- 
crete Co..  Cincinnati.  O. :  (3)  for  Knoblock  & 
Shelton.  Erie,  Pa.;  (4)  for  Roetzel  &  Chip- 
man.  Evansville.  Ind..  and  (5)  for  Mason  c& 
Hanger  Co.,  Richmond,  Ky. 

Quantities 
cu.  yds. 

Concrete  ^■'p~. 

Rock   excavation    nominal 

Crib  excavation   ^'Ifi 

Earth    excavation    "'os? 

Embanliment     881 

Back  fill    1.'162 

Dredging i.OOO 

Stone    hlling    (dam) 800 

Stone    filling    (walls) l,20i 


Boston,  Mass. — Wire  Fence. — Hapgood, 
Frost  i^  Co..  Wellesley.  Mass.,  at  $1,600,  for 
wire  fence  at   Ft.   Revere.   Mass. 

Baltimore,  Md. — I'se  of  Street  Sprinklers. 
— P.  Flannigan  &  Sons.  Lexington  and  Cal- 
vert Sts.,  Baltimore,  Md..  at  $405  per  month, 
for  use  for  city  of  three  sprinklers  from 
May  15  to  Oct.  15.  The  work  includes  the 
use  of  spi-inklers.  harness,  horses  and  driver 
for   sprinkling  with   water. 

Baltimore,  Md, — Gravel.— Barrett  Mfg.  Co.. 
at  77y-c  per  100  lbs.,  for  bituminous  filler; 
Arundel  Sand  &  Gravel  Co..  at  $1.50  per  cu. 
yd.,  for  filler  gravel,  and  at  $1.00  per  cu.  yd., 
tor  concrete  gravel  for  city. 

New  York,  N.  Y. — Riprap. — Following  bids 
w:-re  received  by  the  Engineer  of  the  Third 
Light    House    District: 


Nortli    Dumpling.   N.    Y..    1.000   tons; 


Per  ton. 

St.. 

....$1.23 
....   3.25 


E.    S.    Belden    &    Sons.    217    Laurel 

Hartford.     Conn 

S.   R.  RosofE.  13-21  Park  Row,  N.  Y. 
The     T.     A.     Scott     Co..     New     London, 

Conn 1-49 

Long    Island    Contg.    Co 3.40 

Estate    of    John    Beattie,     Lette    Island, 

Conn 1-42 

Plum    Island,    N,    Y..    200    tons: 

T.    A.     Scott    Co 1-65 

E.     S.     Belden    &     Sons 1-93 

S.    R.    Rosoff 2.50 

Long  Island    Contg.    &    Supply   Co 2.50 

Estate    of   John    Beattie 4.30 

Stratford    Shoal,    N.    Y..    1.000    tons: 

Estate    of    John    Beattie 1.46 

E.    S.    Belden    &    Sons 1.63 

S.     R.     Rosoff 300 

T.    A.    Scott    Co 1-98 

Long   Island   Contg.    &    Supply   Co 2.i9 

Romer    Shoal,    N.    Y.,    1.000    tons; 
Bouker  Contg.  Co. .2-24     State   St.,     N.  Y,  1.53 

E.    S.    Belden   &    Sons 2.13 

Estate    of    John    Beattie 2.21 

Long    Island    Contg.    &    Supply    Co 2.99 

S.    R.    Rosoff 300 

Cedar    Island.    N.    Y.,    1,000    tons; 

Estate    of    John    Beattie l-JS 

T.    A.    Scott    Co 1-65 

E.    S.    Belden   &    Sons 1-57 

Long  Island  Contg.  &  Supply  Co 2.99 

S.    R.    Rosoff    3-00 

Cosackie,    N.    Y.,    1,000    tons: 
O'Brien  Bros.,    Inc,    54    South   St.,   N.   Y.     .95 

Bouker    Contg.    Co 98 

E.    S.    Belden    &    Sons 1.43 

Eugene     C.     Sickles 1.50 

Long   Island   Contg.    &   Supply   Co 2.99 

S.     R.     Rosoff 3.00 

Estate    of    John    Beattie 4.50 

North  Brother  Island,  N.    Y.,    1,500  tons: 


O'Brien     Bros.,     Inc. 
Estate    of    John    Beattie. 

Bouker     Contg.     Co 

E.  S.  Belden  &  Sons... 
Long  Island  Contg.  Co.. 
S.    R.    Rosoff 


90 
1.46 
1.47 
1.47 
2.81 
2.80 


(1) 
$19.00 
1.75 
2.50 
1.50 
1.00 
1.00 
1.00 
1.00 
3.00 


(2) 

$12.25 

3.50 

.78 

.78 

.78 

.78 

.78 

1.20 

1.20 


(3) 
$13.95 
3.00 
1.34 

.64 

.55 

.37 

.37% 

.97 
2.07 


(4) 
$11.25 
3.00 
.40 
.35 
.35 
.20 
.50 
.25 


(5) 

$16.00 

3.50 

2.00 

1.00 

.70 

.70 

.70 

2.00 

2.50 


Total 


$52,268       $30,828      $31,968       $22,099       $42,413 


covers;  R.  B.  Vaughn  of  Altoona.  furnish- 
ing broken  stone;  Canan-Knox  Supply  Co.. 
cement,   sand  and   terra  cotta   sewer  pipe, 

Philadelphia,  Pa. — Dredging.  —  American 
Dredging  Co..  at  $9,200  or  23  cts.  per  cu.  yd., 
for  drodgin.g  entrance  to  tlie  intake  pipe  at 
the    Torresiiale    filter    plant. 

Philadelphia,  Pa.  —  Ventilators.  —  Filbert 
Paving  and  Construction  Co.,  at  $i.364.  for 
ventilators  for  Lardner's  Point  pumping  sta- 
tion. 

Fort  Moultrie,  S.  C. — Fencing. — John  F. 
Rile\".  Cliarl'^ston.  S.  C,  for  erecting  fence 
around    liatlery    Capron. 

Spokane,  Wash. — Railway. — Porter  Bros.  & 
Welch.  Spokane,  for  constructing  170  miles 
of  railwa.v  for  the  Northern  Pacific,  from 
south  of  Mandan,  N.  Dak.,  along  Missouri 
River  to  the  Standing  Rock  and  Reserva- 
tion. 

Wheeling,  W.  Va. — E'xcavation.  Concrete. 
Etc.— L.  G.  Hallock  &  Son.  at  $31,145.  for 
improven^ent  of  Caldwell's  Run.  the  work 
including  2.000  cu.  yds.  excavation,  o,400  cu. 
yds.  concrete  walls  and  5.700  sq.  yds.  of  pa\'- 
ing  in   bottom  of  Run. 

PROJECTED  WORK. 


Boston,     Mass Surfacing    Embankment. — 

Hids  were  received  Apr.  26  by  the  Charles 
River  Basin  Commission  for  surfacing  Sec. 
1  of  Boston  Embankment,  the  contract  be- 
ing let  to  T.  H.  cnil  Co.,  Somerville,  Mass., 
at  $63,965,  their  itemized  bid  being  as  fol- 
lows : 
Removing    stone    block    pavement,      400 

sq.     yds $     -40 

Laving  8-in.   vitrified  pipe,   2,600  lin.   ft.       .06 
Laving      10-in.       vitrified      pipe,       3.600 

lin.     ft (;4 

Laying  4-in.    cast   iron   pipe,  2,400  lin.  ft.       .30 
leaving  2-in.  fiber  conduits,     5,900  lin.     ft.       .26 

Service  boxes  "E",  6  boxes 4.50 

Service   boxes   "F".    4    boxes 5.00 

Manholes,    7    manholes 55,00 

{^atch  basins  for  walks.  25  catch  basins  20.00 
Catch     basins     for     roadawy,     38     catch 

basins    42.00 

Granite      edgestones      in      place,      4,200 

lin.     ft 99 

Gravel  in  place  in  walks  and  roadway, 

7,000     cu.     yds 1-50 

Vitrified    brick    gutters,    1,400    sq.    yds..     2.20 
Broken     stone     in     place     in     roadway, 

2,200    tons     2,50 

Granolithic    walks,    4,500    sq.    yds 1.65 

Loam  surfacing  in  place,    20,000    cu.  yds.     1.23 


Baltimore,  Md. — Timber  Bulkhead.— South 
Baltimore  Construction  Co..  Baltimore,  Md.. 
at  about  $14,000,  for  constructing  1,000  ft. 
timber  bulkhead. 

Sandy  Hook  Proving  Ground,  N.  J. — Wood 
Jetties.— Jesse  A.  Howland.  Sea  Bright,  N. 
J  at  $8.15  per  lin.  ft.,  for  constructing  wood 
Jetties,  about  3,800  ft.  in  length,  at  the 
Sandy  Hook  Proving  Ground.  The  work  is 
to   be  completed  in  100  days. 

New  York  City,  N.  Y — Cement.  Riprap. — 
John  P.  Kane  Co.,  103  Park  Ave.,  New  York, 
at  $1  32  per  bbl.,  for  furnishing  20,000  bbls. 
of  cement  for  the  Dock  Department;  O'Brien 
Bros.,  Inc.,  54  South  St.,  New  York,  at  30 
cts.  per  cu.  yd.,  for  furnishing  40,000  cu. 
yds.    riprap. 

Columbus,  O, — Building. — Ewers  Brothers, 
for  erecting  new  factory  for  Weinman  Ma- 
chinery   Pump   Co. 

Altoona,  Pa. — Supplies. — Contracts  have 
l)een  let  as  follows  foi-  furnishing  city  with 
supplies  for  ensuing  year:  The  Altoona 
Brick  &  Tile  Co.,  for  furnishing  hard  brick 
and  paving  block;  John  Killinger,  for  haul- 
ing- the  Good  Roads  Machine  Co.  of  Pitts- 
burg, for  furnishing  push  brooms:  J.  W. 
Bair,  of  Pittsburg,   inlet  grates  and   manhole 


Bridges. 


Items  Arranged  Alphabetically  by  States. 

Phoenix,  Ariz. — County  Supervisors  will 
probably  order  election  in  June  for  the  con- 
struction of  a  bridge  over  the  Salt  River. 
The  structure   will   cost   about   $60,000. 

Pasadena,  Cal. — The  West  Side  Improve- 
ment Association,  Dr.  W.  D.  Morse,  Secre- 
tary, is  taking  steps  to  secure  the  construc- 
tion of  a  $15,000  concrete  bridge  over  the 
railroad    tracks    on    Columbia    St. 

Bonners  Ferry,  Idaho, — Commission  has 
been  appointed  to  construct  a  bridge  over 
the  Kootenai  River  at  this  place.  The  legis- 
lature has  appropriated  $18,000  for  the 
bridge  and  $9,000  will  be  subscribed  by  citi- 
zens. James  Stephenson,  Jr.,  Boise,  Idaho, 
is   State   Engineer. 

Geneva,    III, — Bids    were    received    April    28    , 
at    this    city    for    constructing    the    proposed    • 
State  St.    bridge.     George  R.   Keacher,  Madi- 
son,   Wis.,    at   $38,983,   was  low  bidder, 

Freeport,  III, — County  Supervisors  have 
been  petitioned  to  construct  a  new  bridge 
over  Plum  River  in  Jefferson  township.  The 
bridge    will    cost    about   $1,500. 

Joliet,  III. — The  Chicago.  Rock  Island  & 
Pacific  R.  R.  has  had  measurements  made 
for  a  new  girder  t^-pe  bridge  67  ft.  long 
which  it  is  to  erect  over  Spring  Creek  at 
Abe  St. 

Brownstown,  Ind. — Jackson  County  ^^'ill  at 
once  ask  fur  bids  for  12  steel  bridges.  J.  O. 
Wacker    is    County   .-Vuditor. 

Indianapolis,  Ind. — Ordinance  has  been  be- 
fore the  council  appropriating  $20,000  for 
new  bridges  over  the  canal  at  30th  St..  and 
across  Emerson  Run  at  Pleasant  Ave.  Bids 
tor  the  30th  St.  bridge  were  received  some 
time  ago.  but  contract  has  not  yet  been  let. 
Mt.  Sterling,  Ky. — Montgomery  and  Valley 
Counties  are  to  build  a  joint  county  bridge 
of  steel  over  Lulbegrud  Creek  on  Kiddville 
Pike.  Miller  Anderson  is  county  road  super- 
\'isor. 

Clinton,  Me. — Town  voted  May  1  on  mak- 
ing appropriation  to  aid  in  the  construction 
of  a  bridge  over  the  Kennebec  River  at 
Tishons   Ferr>'. 

Syracuse,  N,  Y. — State  Assembly  has 
passed  bill  appropriating  $51,000  for  the  con- 
sti'uction  b.v  the  state  of  a  new  bascule 
bridge  over  the  Erie  Canal  at  North  Frank- 
lin   St. 

Caledonia,  N.  Y. — Town  Boards  of  Cale- 
donia and  .\von  agree  to  erect  a  $10,000 
bridge  over  the  Genesee  River  on  the 
boundai\\'    of   the   two   towns. 

Carthage,  N.  Y. — James  R.  Brownell,  Vil- 
lage Engineer,  has  prepared  plans  for  the 
construction  of  a  concrete  culvert  and 
bridge  on   South  Mechanic  St. 

Waverly,  N.  Y, — Village  Board  is  to  be 
I.ietitioned  to  construct  a  reinforced  concrete 
tiridgc  over  Dry  Brook  on  Orange   St. 

Dayton,  O, — County  Commissioners  have 
autlu}rize(l  the  construction  of  a  150-ft.  long 
concre(e  bridge  over  Bear  Creek  at  Eller- 
ton. 

Cleveland,  O. — Park  Department  has  about 
completed  plans  for  a  $10,000  bridge  to  be 
built  over  Big  Creek  in  Brookside  Park. 
The  bridge  is  to  be  built  of  stone  masonry 
and    will    have  an   81 -ft.    span. 

Guthrie,  Okla. — County  Surveyor  Reeves 
has  completed  plans  for  the  proposed  con- 
struction of  the  Noble  Ave.  viaduct  over 
the  Santa  Fe  right-of-way. 
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Reinforced  Concrete  Caisson    Break- 
waters for  the   Great  Lakes. 

.■\  new  and  economic  iVirm  uf  hrcakwatrr 
coiitlrtiction  rccciilly  developed  on  the 
Great  I^ke«  is  described  in  thii  issue.  A* 
engineers  of  marine  worki  know,  break- 
water conslniction  on  the  Great  Lakes  of 
Ntirth  .^merica  lia»  from  il 
wholly  distinctive  from  ■ 
praciice  When  tir>l  ihr  iu..l  >■!  'r..iU- 
waters  at  Great  I-jikc-  li.irtior*  iii.t.lf  ii>clf 
manifeoi  the  naviKalion  interests  were  not 
large  and  the  country  was  poor,  the  mas- 
sive stone  and  masonry  structures  of  the 

CopvrlKht,  I9i>9.  h>  (he 


tild  not  l>e  built  in  the  nuin- 
nur  winilJ  llicir  itreal   cost 


i;i»ks   01   ile\i«in|{  a  cheaper   •  :  uc- 

(iire  an<l  there  resulted  the  si-  '  tim- 

licr  crib  construction  which  afterward  be- 
iniiir   so  common   and    which   is   yet.   per- 

1  ;.-.   the  typical   Great    L:ikrs  breakwater. 

I  hese  first  timber  brr:ikw.itcrs  consisted 

of   a   row  of  timber  crihi   filled   willi   stone 

I  by  a  limber  Miperstriicture  also 

1  and  decked  over      The  low  cost 

of  timber  and  the  fact  that  in  fresh  water 

free  from  teredo  its  life  was  long,  justified 
the  character  of  the  structure.  However 
orly  the  siilisiriictiire.  that  is  the  stone  filled 
cribs,  could  be  considered  as  in  any  way 
•nent.  The  superstructure  was  ex- 
1  to  ice.  waves,  rot  and  other  destruc- 
tive agencies  .ind  had  to  be  constantly  re- 
p.iircd  and  finally  renewed.  Of  course  re- 
newal with  timber  simply  meant  repeated 
repairs  through  another  term  of  years  and 
finally  renewal  again.  The  increase  in 
iKivigation  and  in  wealth  of  the  country  at 
la*t  urged  some  belter  solution  of  tlic  prob- 
lem. It  was  found  in  replacing  the  old 
timber  superstructure  with  a  cellular  super- 
structure of  concrete  rising  from  the  tim- 
ber cribs  at  a  level  safety  below  low 
water.  The  change  worked  well  antl 
gave  a  breakwater  of  great  durability  at  a 
very  reasonable  cost.  The  new  type  of 
structure  which  we  describe  elsewhere  in 
this  issue,  however,  seems  to  be  a  decided 
improvement. 

Briefly,  for  the  old  timber  crib  is  substi- 
tuted a  cellular  caisson  of  reinforced  con- 
crete. The  main  structural  features  and 
the  method  of  construction  are  fully  de- 
scribed in  the  article  referred  to  above  and 
need  not  be  detailed  here.  It  is  obvious 
ihnt  this  new  .nil  concrete  construction  is 
more  stable  and  permanent  than  that  with 
tiinlier  cribs,  but  the  really  vital  fact  is  that 
il  promises  also  to  be  more  economical. 
This  point  is  clearly  set  forth  in  the  fol- 
lowing statement  by  Major  W.  V.  Judson, 
I'.  S.  Kngineer  Corps,  under  whose  direc- 
tion this  work  was  done.  The  statement 
;-  .IS  follfuvs  ■ 

ll..f.iiH    '  m- 

m>iu<Ml    It  If 


ttir 


■HP. 

■it. 


Ill  wkv,  oi  I  >lor 

Judson  has  enn  ton 

at  Manitowoc  and  later  at  Milwaukee. 
^•'ilIll^^^  on  ilirsc  works  .ire  not  vet  avail- 
.-ible 
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A  New  Field  for  Engineers — Apprais- 
ing Property  for  Purposes 
of  Taxation. 

Unly    to    a    limited 
cers   l»een   emp|oye<l   a 
the   work   ut 
which    an    en. 
fits  him.     .S'ot   long  ago  an 
told  the  managing  editor  v'. 
CoNT«ACTi.\o    that    he    was    contcmi.^ 
ilrawing    up    a    bill    which    would    pr. ■.;■.- 
that   all   the  taxable  property  of  the   state 
be  appraised  by  a  cor;  -In 

fact,  as  we  recall,  it    ..  n  to 

make  provision  for  the  cinpluyiiiciil  of  at 
least,  one  engineer  in  evcrv  county  to  have 
charge  of  the  tax  appraisals 

.An  engineer  is  as  competent  as  any  other 
class  of  man  to  determine  the  value  of  real 
estate  and  personal  property,  and  he  is 
far  more  competent  to  estimate  the  value 
of  structures,  such  as  buildings,  railways 
telephone  lines,  as  well  as  machinery  and 
manufacturing  plants  of   all  kinds. 

Considering  the  magnitude  of  the  in- 
terests at  stake,  it  is  indeed  surprising  that 
so  many  untrained  men  have  hitherto  been 
employed  to  appraise  property  for  taxa- 
tion. Engineers,  however,  have  them- 
selves to  blame  for  not  acquainting  the 
public   with   the   fact   that   t'  ap 

praisal  of  property  is  an  en.  ;.rot) 

lem.  A  little  effort  upon  the  part  oi  IfKal 
engineering  societies  would  soon  lead  to 
legislation  that  would  result  in  placing  all 
important  appraisals  in  the  hands  of  en- 
gineers. 

In  appraising  land  values  it  may  seem, 
at  first  glance,  that  the  only  method 
available  is  to  ascertain  the  prices  at  \\  t 
tracts  of  similar  land  have  been  -  i  '. 
While  this  is  unquestionably  the  most  di- 
rect and  simplest  method,  it  is  not  neces- 
sarily the  one  to  be  adopted  exclusively. 
The  price  of  land  is  based  upon  its  net 
earning  capacity.  If  the  net  earnings  are 
ascertained,  the  value  can  be  closely  esti- 
mated by  capitalizing  at  a  staniLird  rate 
per  cent.  Thus,  if  it  is  known  that  a  cer- 
tain farm  produces  annual  crops  having 
a  total  gross  value  of  $12  per  acre,  and  if 
the  cost  of  production  is  %6  per  acre,  the 
profit  is  $6,  which  capitalized  at  l'>  per 
cent  gives  the  land  a  value  of  $t>0  per  acre. 

I'erli.-ips  it  will  be  nuny  years  before 
U  of  land  values  are  made  in  ihis 
manner,  but  there  seems  to  be 
no  other  way  that  is  wholly  satisfactory 
The  conflicting  testimony  of  land  "ex 
perts"  on  land  values  is  one  of  the  tri.iV 
of  an  engineer's  experience  when  cntjj^i  1 
in  appraising  railway  property. 

That    a   study   of   costs   of    farming   in- 
volves  no   slight   amount   of   work   Is  evi- 
dei  ■ 
cor 

publication  01  a  bulletin  on  the  i.o>i  ui 
pro<tucing  farm  products  by  the  I'  S.  De- 
partment of  .-Xgriculture,  upon  which  we 
shall  make  e-'""'-''  ■  .."<">.i'  >"  .  suLtr. 
queni  issue, 
of  rcpuhlkalion  ri-str\c>l. 
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Concrete  and  Reinforced  Concrete  Section 


Note: — This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  cover  the  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mixing,  transportation  and  placing;  fabrication  and  placing  of  reinforcement, 
and  form  construction  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


Methods  and  Cost  of  Constructing  Re- 
inforced Concrete  Caisson  Break- 
water, Algoma  Harbor,  Wis., 
on  Lake  Michigan.* 

BY   L.    E.    LION.t 

The  river  and  harbor  act  of  March  2, 
1907  contained  the  following  item  :  "Im- 
proving harbor  at  Algoma  (Ahnapee),  Wis- 
consin, by  the  construction  of  an  outer 
harbor  with  a  depth  of  16  ft.  of  water, 
$40,000;  provided  that  the  Secretary  of 
War  may  enter  into  a  contract  or  con- 
tracts for  such  materials  and  work  as 
may  be  necessary  to  complete  such  proj- 
ect, to  be  paid   for  as   appropriations   may 


inforced  concrete  breakwater,  73.3.7  lin. 
ft.  of  pile  pier,  200  lin.  ft.  of  plank  cribs 
and  about  115,000  cu.  yds.  of  dredging. 
In  addition,  5.50  lin.  ft.  of  the  old  south 
pier  were  to  be  removed  and  the  north 
pier  was  to  be  repaired  by  the  renewal  of 
four  courses  of  timber  in  the  superstruc- 
ture. 

The  cost  of  this  work,  including  super- 
vision and  contingencies,  was  estimated 
at  $142,000,  which  was  slightly  in  excess 
of  the  amount  available,  but  there  was  a 
small  balance  on  hand  for  maintenance, 
under  which  the  repairs  to  the  north  pier 
properly  came. 

The  portion  of  the  breakwater  most  ex- 
posed to  the   action  of  waves  consisted  of 


to  give  ample  strength  to  resist  the  stresses- 
of  launching,  handling,  or  unequal  bear- 
ing  on    tlie    foundation. 

The  reinforcing  steel  in  the  walh  was 
proportioned  according  to  the  method 
given  by  Mansfield  Merriman  in  "Mechan- 
ics of  Materials,''  10th  edition,  p.  286, 
the  steel  being  assumed  to  carry  all  of 
the  tension  and  compression,  while  the 
concrete  was  assumed  to  act  only  as  a 
spacing  medium  and  bear  the  stresses 
which  would  be  carried  by  the  web  of  a 
girder.  While  this  method  gives  an  ex- 
cess of  steel,  it  was  thought  advisable  to 
use  it  on  account  of  the  early  age  at  which 
the  concrete  would  receive  its  launching 
stresses.  The  steel  in  the  bottom  of  the 
caissons  was  proportioned  according  to  the 
method  given  in  Taylor  &  Thompson's 
"Concrete,  Plain  and  Reinforced,"  1st  edi- 
tion, p.  563.  In  order  to  provide  for  pos- 
sible errors  in  the  cutoff  of  foundation 
piles,  sufficient  steel  was  also  placed  !n  the 
caissons  to  enable  them  to  carry  safely 
their  own  weight  and  load  due  to  filling, 
if  supported  only  at  the  ends  or  at  the 
center. 

A  foundation  of  18  piles  supported  each 
caisson,  the  piles  being  cut  off  11  ft.  4  ins. 
below  datum.  Riprap  stone  was  used  for 
filing   the    caissons   to   within   4   ft.    of  the 


Fig.     1 — Map     of     Algoma     Harbor,     Wis.,   Showing    Location    of   New    Breakwater. 


from  time  to  time  be  made  by  law,  not 
to  exceed  in  aggregate  $100,000,  exclusive 
of  the  amounts  herein  and  heretofore  ap- 
propriated." 

During  May  and  June,  1907,  survey  and 
examination,  including  many  borings,  were 
made  on  whicli  to  base  a  design  for  Al- 
goma harbor.  After  considerable  study 
of  the  data  obtained,  it  was  decided  to 
build  a  small  outer  harbor  in  Lake  Michi- 
gan, immediately  south  of  the  then  exist- 
ing harbor   entrance,   as   shown   by   Fig.   1. 

The  project  embraced  311.7  lin.  ft.  of  re- 


*A  paper  forming  Appendix  III  of  a  paper 
by  Major  W.  V.  Judson,  Corps  of  Engineers. 
V.  S.  A.,  read  before  tlie  Western  Societv  of 
Engineers,    May   lii,    1909. 

tU.  S.  Assistant  Engineer.  Milwauljee.  Wis. 


.j11.7  lin.  ft.  of  reinforced  concrete  break- 
water, made  up  of  20  reinforced  concrete 
caissons  1-2-4  concrete  resting  on  a  pile 
foundation  and  surmounted  by  a  solid  con- 
crete superstructure.  Each  caisson  was  24 
ft.  in  length.  15  ft.  wide,  and  12  ft.,  4  ins. 
in  height,  with  sides  and  end  walls  12  ins. 
in  thickness  and  bottom  20  ins.  in  thick- 
ness, 16  of  which  were  of  concrete  and  4  of 
timber  studded  with  8-in.  spikes.  A  trans- 
verse wall  10  ins.  in  thickness  divided 
each  caisson  into  two  cells.  The  cais- 
sons were  reinforced  with  deformed  bars 
of  the  Johnson  type  made  of  mild  steel 
and  were  designed  to  withstand  water 
pressure  from  the  outside  while  afloat  and 
to  retain  the  filling  after  being  put  in 
place.       Reinforcement    was    also    provided 


top,  the  upper  4  ft.  of  the  filling  being 
of  1-5-10  concrete.  In  order  to  facilitate 
correct  sinking,  two  guide  timbers  12x12 
ins.  and  11  ft.  4  ins.  long,  were  bolted 
to  each  end  of  the  caissons,  making  an 
interval  of  1  ft.  between  each  caisson. 
This  interval  was  afterwards  filled  with 
small  stone,  and  capped  with  a  slab  of 
1-3-5  concrete  1   ft.  in  thickness. 

The  superstructure  which  topped  the 
caissons  was  built  of  1-3-5  inass  concrete, 
and  was  carried  to  an  elevation  of  4  ft. 
above  datum.  It  covered  9  ft.  6  ins.  of 
the  15  ft.  of  width  of  caissons  and  was 
appro.ximately  trapezoidal  in  cross-section, 
having  a  slope  of  1  on  2%  on  the  lake 
side,  and  an  almost  vertical  face  on  the 
harbor   side.       The   caissons   were   protect- 
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cd  by  nprap  on  both  the  lake  and  hart><>r 
iides  to  within  4  ''  ■•''  •' ittini,  larjjc  Monc 
b«inK   used  on   i  A   cross-»cc- 

tion    oi    the    brc.  nd    a    horizontal 

section  of  one  ui  the  c4i»ons  are  shown 
by  FiK    ■- 

In  answer  to  an  advert i-niirni  for  pro- 
po^aU  for  IniildiiiK  the  rutin-  l>rc.(kvvater. 
the  followini;  tiiiU  wii  I  All  tim- 
ber, exiTpl  cai^Miii  I-  I  piles,  to- 
gether  with   itiel   rem; ..^     -.irs,   wtreto 

tic  furnished  by  the  Liiiteil  Stales  attd 
were  therefore  not  included  in  the  prices 
bid: 

Thru  H  Smltli.  Blursfon  Huy.  \VI».  Bid: 
jr  >  '  ■■     ■     •    Cunt-rrtp   IJrtakwnter  only. 

I  |I20,I((.00 

A  !  •-.-.•n  Itay,  Win I10.3S0.J0 

<-.r  .rn   Day.   WU 10-4.0ST.OO 

I  9:.49o.0O 

Mil. .urn    n  11  ..(lie    for    tilts    pan 
of  the  work 94.0(M).OO 

The  lowest  bid  was  that  of  Greilinf; 
Bros,  of  Green  Bay.  Wis.  which  was  $11,- 
.M57  in  excess  of  the  estitnatcd  cost,  and 
SlD.iViT  in  excess  of  the  amount  available 
after  making  due  allowance  for  contingen- 
cies, supervision,  materials  to  be  furnished 
and  repairs  to  the  north  pier. 

.Ml  bills  were  therefori-  rejected  and  it 
wa^  ihicrniined  to  execute  the  work  by 
hind  latxir  Steps  were  inmiedialely  taken 
for  the  purchase  of  the  necessary  tools 
and  materials  and  to  begin  work  as  soon 
as   weather   conditions   permitted. 


for  the  storaKc  of  cement.  .As  the  weath- 
er moderated  work  was  i.r  ■.In  .IK  extend- 
ed to  the  launchmK  w.i  mis  for 
the  caissons.  .Ml  parts  iiit  were 
installed  by  June  1,  I!'"-'*,  whin  ilie  actual 
construction   of   caissons    was    l>c^in. 

l.iiuHthini;  ll'iiv.* — Three  sets  of  launch- 
intr  ways  were  iMiilt  for  launchinK  the  re- 
inforced concrete  caissons.  F.ach  set  of 
ways  was  24  ft.  wide  and  lo'l  ft  long, 
terminal  ill);  under  water  at  a  depth  uf  ti 
ft  below  datum.  There  was  a  clear  space 
of  10  ft.  between  each  set  of  ways.  The 
piles  supportiii);  the  ways  were  spaced  to 
sustain  a  loail  of  I'l  tons  to  the  pile,  and 
were  driven  in  lients  of  three  piles.  Elach 
bent  was  cappeil  with  I'.'xlJ-in.  timbers, 
24  ft.  long.  Three  |oni;iludinal  timlicrs, 
r2xl2-in..  placed  at  an  uulinalion  of  1  on 
10,  formed  each  set  of  lixtd  ways.  The 
caps  were  drift-lmlted  to  the  piles,  and  the 
fixed  ways  to  the  caps.  The  gasc  of  the 
ways  in  the  clear  was  22  ft.  The  com- 
pute<l  weight  of  each  caisson  was  110  tons; 
the  area  of  sliding  wavs  on  the  fixed  ways 
■was  4Ii  sq.  ft.,  niakinp  the  load  per  square 
foot    2.<M  tons. 

The  cost  of  the  launching  ways  was  $3,- 
r>(M..">2,  which  includes  all  labor  and  mate- 
rials. 

Forms. — The  forms  were  made  in  three 
distinct  parts,  the  outside  forms,  the  inside 
forms  or  core,  and  the  trusses  fdr  holding 
the   forms  rigidly  in  place. 


A    nunilier    '"JVi    Smith"    concrete    mixer 

was  mounted   >-i.ii..i   ii..    .i..rr,. '.    ..    ..    •,, 

be    easily    m< 

longitudinal 

derrick  tracks.     I'he   mixer  ciikiih-   ncriwl 

steam    from    the    derrick    Ujiler        In    th< 

rear    of    the    concrete    mixer    and    Sn    !••! 

to    the    same    frame    as    ihr    mixer    ».i- 

small    aiixilia; 

only    for    h;r 

sand,    which    1:    nii   -.    m    -r..|'- 

tlal    cars,   and   dumped    into  a    K 

mediately  ovrr  .ni!  I.,  iiin.l  il;.    t 

derrick  was  • 

ning  to  a  wi^  .  ;■ 

gine  of  the   trawhiig   dcrricn. 

.\  double  narrow-imv'e  'rnck  ran  from 
the  storage  pile  >.i  ■  the  mix- 

er.     The  material  1  into  and 

proportioned  in  imt.u  -kij.s  ..11  flat  ■  r- 
Two  cars  were  used,  one  on  each  '.r  :  - 
and  were  propelled  by  the  men  who  li>.i.l 
ed   them. 

.\  temporary  warehouse  for  the  storage 
of  cement,  2ox.Vi  ft.,  was  built  parallel  to 
the  tracks  so  as  to  be  near  the  mixer. 

Water  was  supplied  to  the  entire  yard 
by  mean.s  of  a  2Vi  hp.  gasoline  engine,  and 
a  •'»x5-in.  double-acting  licit-driven  f  - 
pump,  which  pumped  the  water  into  :,  . 
vanized  iron  tank  mounted  on  a  'ri^iiv 
over  the  pump  house.  .X  2-in.  water  main 
distributed  the  water  to  the  mixer,  hoist- 
ing engine  and  other  parts  of  the  yard. 
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Fig.   2 — Transverse    Section    and    Plan    of    Algoma    Breakwater. 


Contracts  for  piles,  limber  and  rein- 
forcing bars  had  previously  been  entered 
into  to  supply  the  contractor  under  the 
proposed   contr.ict. 

The  L'nitiil  Slates  yard  at  Kewaunee, 
Wis.,  was  s.ln-ud  as  the  most  advantage- 
ous point  at  which  to  build  the  reinforced 
concrete  caissmis.  .At  Algoma.  Wis.,  the 
small  depth  of  water  and  rock  lioltom  in- 
side of  the  harlMir  would  have  made 
launching  c;ii-M>ns  hazardous,  and  the  fact 
that  an  ciiiiiil  numlier  f>f  caissons  were 
neiilril  for  Mauituwnc,  Wis.  tiiarle  it  evi- 
dent  that  one  plant   tn  servr  Inilli   .Mgoma. 

\\  ■ '    ManitowiH.-.   W^        ■        'n..re  ad- 

\  to   the    I'nilf'  lan   the 

«   •.  Ill      of      two  plants. 

Moreover,  the  United  States  owned  a  yard 
and  warehouse  at  Kewaunee,  Wis.,  where 
the  construi-tion  of  a  permanent  set  of 
ways  for  hauling  t1o.iiinu  plani  out  of  wa- 
ter was  a  dcsir  ■  '  '  ce- 
ment for  the  III  P- 
erty.  The  waii  t  ,-..■,■.  1..^;  ■■■.  '. —  in- 
■ment  yards  at  Kewaunee  is  free  from 
waves  and  currin--  !..  in^-  ..n  ni  ..Id  T.r.mch 
of  Kewaunee  I  'ih 
of  water  was  n  mt 
of  ilredging  made  il  .iinplc  K«.w.i;inec, 
Wis ,  is  12  mile*  south  01  Mirnina.  Wis., 
aivl  n  miles  north  f«f  M-''                  "^Vis 

Work  was  liogun  at  il  March 

12.    IJXW.   by    the   erection    ■.■    ..    ».. rehouse 


.•Ml  lumber  used  was  Oregon  tir,  ilresscd 
on  all   sides  and   edges.      Tli.    "  was 

of    'j-in.    boards,    placed    hi.;  ind 

bolted  to  2xli-in.  studding,  i  .1.  n  -.-.k  and 
end  of  the  outside  form  was  made  in  three 
sections  to  facilitate  handling  and  placing. 
In  the  core  forms  each  side  and  end  was 
m:idc  in  one  piece.  Struts  6.x()  ins.  were 
used  inside  of  the  core  for  bracing,  and 
20  trusses,  10  to  a  side,  each  truss  stiffened 
with  a   %-in    iron  rod  and  1  '  '     for 

tightening,    were    used     for  the 

outside  forms       TV      —  win    -..   Iniilt 

and   placed   that   \'-  use  of  .3x12- 

in.    Uiards    on    edn^  ''•■     .11.!-.    the 

entire    outside     form    was     i  lied 

and  held  in  place.      One  .set  -  .iiid 

braces    served    the    three    forms. 

Three  sets  of  forms  were  built  .if  a  total 
cost    of    SLaiO.-'iV.       After    • 
Algoma  caissons  these   forn 
ly    >.      ■        ■  ■ 

of 
in 

/ 
desi  ■ 


ill     till-     I  1  .:iM  I  i;i  i|.  .11 

ris.     They  art   still 


.:    ways.    ; 

.urse,  the   ■ 
portant    pan    oi    the    plant.       In    the    fear 

of   the   l.iiini-hin'.j    w:iv<    .n    Irnvrlint;  derrick 

of  'I  '  ran 

on  the 

liack    ..1    111'     «i>-         I 

placed    that     it     could 

steel   and    con  ■•  • ,,     ...... 


Besides  the  above  plant,  a  l>lacksmith 
shop,   cement   tesii  '   ^    and 

wareliousc    for   111  were 

already  on  the  i;i..;;ii.i  .on  «wi  .i>ed  on 
this  work.  Many  small  tools  were  also 
purchased    for   the   work. 

The  entire  cost  of  the  plant  and  instal- 
lation, exclusive  of  the  cost  of  the  launch- 
ing ways  and  cement  warehouse,  was  $5.- 
778.2".  The  cement  svarehousc  cost 
r>2l.40. 

Sflline  Up  Forms  and  Placine  of  Steel. 

—The  t   -       -  ■■      ' h- 

ing     w 

which     , 

we<lges,    were   placed    on    the    \".  1 

the   ways,   in   order  to  secure   .1  ;■ 

port  for  the  12xl2-iii.  timbers  un  which 
the  bottom  .Tnd  fi-rininif  were  plnrr<l 
Shon    1:  t 

with   w 

means   einiii.iM-.i    t.»r    i.»\\irin^    uu-   i.ii^M»ns 
on  the  sliding  shoes  at  the  time  of  launch- 
carefully    leveling    the    timlHTS    on 
•Uc   fi.rni    \v,i-    I..    ti«i.    Kl'.'in.   lim- 
licrs  24   ft.   '  wire 

spike*    bnd  were 

pi. 
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The  lower  layer  of  reinforcement  was 
now  put  in  place.  The  rods  were  kept 
above  the  wood  bottom  by  small  rods  run- 
ning perpendicular  to  the  reinforcement 
and  kept  at  the  correct  elevation  by  means 
of  pebbles. 

In  later  work  it  was  found  advantage- 
ous to  place  a  layer  of  building  paper  over 
the  wood  bottoms  in  order  to  prevent  the 
escape  of  mortar  and  cement  from  the 
concrete  through  the  cracks  in  the  bottom. 
This  escape  of  mortar,  while  not  great, 
seemed  to  render  the  bottom  porous  in 
places  and  caused  some  leaks,  which,  while 
not  serious,  were  annoying.  The  use  of 
the  building  paper  improved  the  water- 
tightness  of  the  bottom. 

Iron  brackets  for  supporting  the  core 
were  now  put  in  place.  These  were  made 
of  %.xl%-in.  mild  steel  bent  into  the  shape 
shown  by  Fig.  3.  Eight  of  these  brackets 
supported  each  core.  Sixteen  constituted 
a  set,  as  there  were  two  cores  to  a  caisson. 
The   brackets   remained   in   the   concrete. 

The  brackets  being  placed,  the  cores 
were  now  erected,  together  with  their  in- 
side braces,  which  consisted  of  80  struts  of 
6x6-in.  Oregon  fir.  After  the  cores  were 
erected  and  in  proper  position,  beams  of 
4x6-in.  timber  were  placed  across  the  top 
of  the  cores  and  bolted  thereto,  for  the 
purpose  of  suspending  the  wall  reinforce- 
ments. 

When  the  cores  and  bracing  inside  of 
the  cores  were  in  place,  the  upper  layer  of 
reinforcement  in  the  bottom  was  put  in 
position.  This  rested  on  bars  suspended 
from  the  core  braces  at  right  angles  to 
the  direction  of  the  reinforcement.  Where 
the  reinforcing  bars  crossed  the  support- 
ing bars,  these  were  wired  together  with 
No.  20  wire,  so  as  to  prevent  displacement 
in    depositing   concrete. 

While  the  bottom,  core  forms,  and  bot- 
tom steel  were  being  put  in  place,  the  re- 
inforcement for  the  walls  was  being  pre- 
pared for  the  work  by  threading  through 
holes  punched  to  the  proper  spacing  in 
steel  flats,  l/16x2-in.  By  using  three 
spacing  flats  for  each  vertical  row  of  bars, 
a  unit  of  reinforcement  was  formed  which 
was  readily  lifted  into  place  by  the  der- 
rick and  suspended  from  beams  supported 
by  the  core.  The  upright  reinforcing  bars 
were  wired  to  the  horizontals  before  the 
unit  was  bolted  in  place.  All  of  the  re- 
inforcement in  the  walls  was  put  in  place 
in  .this  manner,  except  the  short  bars  at 
the  corners.  These  were  wired  to  the 
horizontal  bars  in  place. 

A]]  of  the  steel  now  being  in  place,  the 
outside  forming  w^as  erected,  the  four 
walls  being  brought  up  simultaneously. 
This  forming  was  held  in  place  by  ten 
sets  of  trusses  and  boards  on  edge  which 
locked  around  the  form  and  held  it  rigid- 
ly in  place  and  prevented  yielding,  as  the 
trusses  were  50  designed  as  to  take  up  all 
of  the  pressure  which  was  brought  to  the 
outside  forms  by  the  wet  and  unset  con- 
crete. 

Method  of  Molding. — It  was  endeavored 
to  mold  each  caisson  at  one  continuous 
operation,  in  order  to  secure  a  perfect 
monolith  and  thus  lessen  the  danger  of 
leaks.  .Ml  of  the  caissons  were  successful- 
ly molded  at  one  operation,  except  the  first 
one,  which  required  two  days  on  account 
of  a  change  which  was  found  necessary 
in  the  arrangement  of  the  plant.  No 
leaks  developed  in  the  caisson  wliicli  was 
molded  in  two  days, 

A  temporary  platform  with  two  hatches, 
one  in  the  center  of  each  core,  was  placed 
over  the  core  forming.  The  concrete 
mixed  to  a  very  wet  consistency  was 
dumped  through  the  hatches  into  the  bot- 
tom and  near  the  edges  of  the  platform 
in   molding  the   walls.      The  concrete   was 


shoveled  from  the  platform  into  the  walls 
and  puddled  thoroughly  by  means  of  long 
sticks.  Puddling  of  the  bottom  was  ef- 
fected by  laborers  working  inside  of  the 
core.  The  bottom  was  placed  first,  and 
then  the  sides,  ends  and  cross-walls  were 
brought  up   simultaneously. 

The  aggregates  were  shoveled  into  skips 
resting  on  small  flat  cars  at  the  stock 
pile.  The  cars  were  then  run  over  the 
narrow  gage  track  to  the  derrick  in  the 
rear  of  the  mixer,  which  raised  the  skips 
and  dumped  them  into  the  mi.xer  hopper. 
The  cement  was  added  in  the  hopper. 
Each  batch  consisted  of  2  bags  of  cement, 
4  cu.  ft.  of  crusher  dust  and  8  cu.  ft.  of 
1-in.  broken  stone.  A  barrel  so  arranged 
as  to  measure  the  water  used  in  mixing 
the  concrete  rested  on  the  platform  above 
the  mixer  and  was  operated  by  a  lever 
by  the  man  on  the  mixer  platform.  The 
concrete  was  given  about  14  turns  in  the 
mixer  and  then  dumped  directly  into  a 
bottom  dumping  bucket,  which  was 
handled   by    the   traveling   derrick. 

.\n  average  of  281.6  bags  of  cement  were 
used  in  each  caisson,  making  1.347  bbls. 
of  cement  to  every  cubic  yard  of  concrete. 

As    a    rule,    seven    hours    were    required 


This  same  force  was  employed  in  set- 
ting up  forms,  placing  steel,  and  all  oth- 
er work  pertaining  to  caisson  construct- 
tion. 

Removal  of  Forms. — The  inside  and  out- 
side bracing  were  removed  when  the  con- 
cret  was  24  hours  old,  and  the  forms  when- 
ever convenient,  after  the  concrete  was 
48  hours  old.  No  difficulty  was  experi- 
enced in  the  removal  of  forms,  nor  did 
any  material  adhere  to  the  forms  so  as  to 
leave  a  disfigured  surface,  although  they 
were  not  coated  with  any  preparation. 

WatcrprooHng. — Within  two  days  after 
the  removal  of  the  forms,  the  outside  of 
the  caissons  was  given  a  wash  of  thin 
grout  made  of  neat  cement.  This  wash 
was  applied  and  rubbed  well  into  the  sur- 
face of  the  concrete  with  a  whitewash 
brush.  After  the  cement  had  dried,  two 
coats  of  the  following  wash  were  applied : 

One  pound  of  concentrated  lye  and  5 
lbs.  of  alum  were  added  to  2  gals,  of  wa- 
ter, care  being  taken  that  every  particle 
was  dissolved.  This  constituted  the 
"stock."  To  1  pint  of  the  "stock"  was 
added  10  lbs.  of  cement,  and  water  until 
the  mi.xture  was  of  such  a  consistency  as 
to  spread  easily  on  the  walls  with  a  brush. 
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Fig.    3 — Pile     Cap    and     Manhole    Cover      Details,    Algoma     Breakwater. 


for  molding  a  caisson,  or  7.46  cu.  yds.  per 
hour. 

The  quantity  and  cost  of  materials  in  a 
caisson   averaged   as    follows : 
Stone    and    sand.    52.21    cu.     yds.,    at 

SI. 25    %  65. 2G 

Cement,   70.4  bbls.,  at  $1.15 ^ S0.!16 

Reinforcing    bars.    12.967    lbs.,    at    1.92 

cts 24S.97 

Bolts    15.59 

riniber   66.65 

Spikes  and  wire 4.54 

Brackets    76.53 

Flats    69.S2 

Total    $628.32 

The  force  employed  in  molding  was  us- 
ually as   follows : 

I  Foreman  at  $120  per  month $   1.00 

1  Kngineman  at  $S0  per  month 2.67 

1   Fireman   at   $60   per  month 2.00 

1  man  operating  small  derrick,  at  $2.25 

per  day    2.25 

2  men    carrying   cement,    at    $1.75    per 

day    3.50 

)   man   on    mixer   platform,    at    $2    per 

day    2.00 

1  man  dumping  mixer,  at  $2 2.00 

6  men   at  stock   pile   and   transporting 

aggregates,    at   $1.75   per  day 10.50 

2  men    placing    concrete    in    forms,    at 

$2.25   per   day 4.50 

6  men  puddling,  at  $1.75  per  day 10,50 

22  men    $43.92 


Usually  1  pint  of  stock  was  put  into  a  12- 
quart  bucket,  and  10  lbs.  of  cement  stirred 
in  with  enough  water  added  to  fill  the 
bucket.  This  recipe  was  obtained  from 
the  Report  of  the  Chief  of  Engineers,  1902, 
Part  3,  p.  2482,  in  which  it  is  described  by 
.-Vssistant   U.    S.    Engineer   G.    B.    Hegardt. 

With  the  small  heads  of  water  9  to  10 
ft.  against  the  caissons  when  afloat,  no 
(lifiiculty  was  experienced  in  obtaining  wa- 
ter-tight walls,  and  it  is  thought  that  the 
walls  would  have  been  impervious  without 
the  application  of  any  preparation.  .-Vs  the 
cost  of  this  mixture  was  very  small,  it  was 
put  on  the  caissons  as  a  precaution  against 
leakage. 

.Ml  caissons  were  tested  for  leaks  be- 
fore applying  the  waterproofing  wash  by 
pumping  about  6  ft.  of  water  into  each 
one.  This  was  syphoned  out  before  the 
application  of  the  wash. 

Launching. — Before  launching,  tempora- 
ry timber  decks  were  placed  <in  the  cais- 
sons for  the  purpose  of  excluding  water 
during  towing  and  launching.  These  were 
made  in  four  section  of  2-in.  Oregon  fir, 
with  all  scams  tightly  calked  and  provided 
with   ring-bolts   for  lifting  the  sections  in- 
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Fig.     4 — Launching     Way*     and     Sliding    Shoes    for     Reinforced    Concrete 
Caiiion*.  Algoma  Breakwater. 
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The  upper  concrete  filling  was  deposited 
soon  after  sinking.  A  layer  of  burlap  was 
spread  over  the  riprap  to  prevent  mortar 
from  running  into  the  interstices  between 
the  stones,  and  the  concrete  placed  on  this. 
Two  forms  for  manholes  were  placed  in 
each  caisson,  one  in  each  compartment, 
as  shown  in  the  drawing.  Before  concret- 
ing, the  water  in  the  caissons  was  pumped 
down  below  the  level  of  the  riprap,  so 
that  the  filling  was  deposited  in  air.  The 
surface  of  the  filling  w^as  given  a  smooth 
finish  where  no  superstructure  came  over 
it.  Under  the  superstructure  the  surface 
was  left  rough  so  as  to  bind  more  effec- 
tively with  the  superstructure,  which  was 
subsequently    added. 

Before  the  caissons  were  sunk,  S  pile 
tops  w^ere  placed  in  the  caissons  in  a  ver- 
tical position  to  act  as  supporting  pillars 
for  the  concrete  filling  in  case  the  riprap 
filling  should  settle  away  from  the  con- 
crete. 

Covers  of  reinforced  concrete  were 
molded  in  the  manhole  tops  to  close  the 
openings    (see    Fig.   3). 

A  mixer  mounted  on  a  scow  was  used 
for  mi.xing  the  concrete  for  the  filling  and 
for  the  superstructure.  This  mixer  was 
set  at  an  elevation  which  permitted  dump- 
ing the  mixed  material  directly  from  the 
mixer  into  a  chute  from  which  the  wet 
mixture  flowed  into  the  work. 

Intervals  Bctzvccn  Caissons.~The  inter- 
vals 12  ins.  in  width  between  caissons  were 
filled  with  small  stone  to  within  1  ft.  of 
the  top,  and  then  covered  with  a  3xr2-in. 
board,  on  which  a  filling  of  1-3-5  concrete 
was  placed.  This  filling  was  brought  up 
to  the  top  of  the  caissons  and  given  a 
finished  surface  the  same  as  the  caisson 
filling. 

Sufcrstrncturc.—X  superstructure  of  1- 
3-5  concrete  of  the  form  and  dimensions 
shown  on  the  drawing  was  built  to  an  ele- 
vation of  4  ft.  above  datum.  The  super- 
structure was  built  in  sections  25  ft.  in 
length,  the  joint  between  sections  being 
made  coincident  caissons,  .\lternate  isolated 
sections  were  first  molded  and  then  the  in- 
termediate sections,  a  layer  of  building  pa- 
per being  placed  between  each  section  to 
provide  against  temperature  changes.  The 
concrete  in  the  superstructure  was  depos- 
ited from  a  mixer  on  a  scow  in  the  same 
manner   as   the   concrete   filling. 

Cost  of  Work.—'^he  plant  purchased  for 
the  manufacture  of  the  concrete  caissons, 
not  counting  as  plant  the  launching  w^ays 
or  the  cement  warehouse,  amounted  to  $o,- 
778.27,  distributed  as  follows; 
3-ton   traveling  aerrick   and   installa- 

lion   of   same • .$^.i;»o.uo 

Small     derrick     and     installation     of 

same        *        oy.Uo 

Concrete"mixei';    Smith    No.    2iA    and 

installation    of    same Sw'^c 

Narrow  gage  railway  and  4  flat  cars.      344. iS 
Gasoline     engine,     pump     tank     and 

pipes  for  water  supply tin'-% 

Buckets   and    skips ■■■■      ;g2-'2 

Cement  testing  apparatus. Sn^nn 

Timber  and   blocking  in  yard ,i  ,c 

Towing    equipment    \\-^ 

Shed  for  steel • \f%' 

Telephone  and  office  equipment 4».3b 

Clearing    yard    ijri9 

Small  tools 1*5.12 

Miscellaneous   supplies    P""-^' 

Total    $5,778.27 

The  three  sets  of  launching  ways  cost 
$3,684.52,  made  up  of  the  following  items: 

Piles    $1,202.40 

Timber    71 5. 80 

Excavating  and   dredging ii\-\\ 

Labor  and   miscellaneous  supplies...  1.322..;i 

Total    $3,684.52 

A  temporarv  warehouse  for  storing  ce- 
ment, 40  ft.  by  24  ft.  was  erected  at  a 
total   cost   of  $521.40. 

Three  sets  of  forms  were  used  for  the 
Algoma    and    Manitowoc    caissons.       The 


cost  of  these   was  $1,839.57,   distributed   as 
follows  : 

Lumber    $  532.60 

Rods  and   turnbuckles 26.55 

Bolts    109.76 

Iron  plates   23.10 

Mill   work    153.79 

Labor    993.77 


Total    $1,839.57 

As  there  were  1.045  cu.  yds.  of  concrete 
in  the  Algoma  caissons  and  those  for  Man- 
itowoc will  amount  to  980  cu.  yds.,  a  total 
of  2,025  cu.  yds.  will  have  been  molded  in 
the  forms,  making  the  cost  of  forming 
$0,908  per   cu.   yd. 

In  the  following  cost  analysis,  the  charge 
to  the  work  on  account  of  plant  is  based 
on  the  depreciation  of  same  and  the  in- 
terest on  the  investment,  as  the  plant  is 
portable  and  has  considerable  value  for 
future  work.  Launching  ways  and  ware- 
house, as  stated  before,  are  not  here  in- 
cluded in  the  item  plant,  as  they  are  not 
portable  and  must  be  treated  differently. 
Credit  is  taken  for  the  present  value  to 
the  United  States  of  the  launching  ways, 
which  is  estimated  at  $2,165.77,  making 
the  amount  chargeable  to  the  Algoma  and 
Manitowoc  caissons  $1,518.75.  The  cem- 
ent warehouse  is  assumed  to  have  no  pres- 
ent value  and  is  charged  entirely  to  the 
Algoma  and  Manitowoc  caissons.  It  is 
probable  that  a  contractor  doing  similar 
work  would  charge  the  entire  cost  of  the 
launching  ways  to  the  vvork,  for  these 
would  be  of  no  value  to  him  on  the  com- 
pletion of  the  job,  unless  he  could  then 
find    a    purchaser    for   them. 

The  amount  chargeable  on  account  of 
the  plant   is  as   follows : 

Depreciation.   IC/c  of  cost $577.83 

Interest  on  cost,  670  for  12  months 346.70 

Total   $924.53 

The  amounts  chargeable  to  every  cubic 
yard  of  concrete  in  the  Algoma  caissons 
"will  therefore  be  as  follows :  On  account 
of  cement  warehouse,  521.40-^2,025  = 
$0,257:  on  account  of  launching  ways. 
1.518.75-H2,02.5=$0.750 :  on  account  of 
plant,   924.-53  ^  2,025  =  $0,457. 

The  following  is  the  cost  of  the  mate- 
rials entering  into  the  construction  of  the 
20  caissons  for  the  breakwater,  as  well 
as  the  cost  of  fuel,  oils  and  miscellaneous 
supplies : 

Portland    cement    ^i'ol?'o- 

Sand    and    stone '  2?nn 

Nails  and  spikes „sVXo 

3q]^S      IZi.Zh 

Bi-ackets  for  supporting  core ^I^-?? 

Eye  bolts ^•■H 

Oakum 6-90 

Lubricating  oils   -»-J 

Tallow    

Gasoline    

Coal    

Reinforcing  steel  in  caissons. 

259.327   lbs $4,9Sd.2 

Flat  bars  for  spacing l^S'Si 

Wire 


23.60 

6.00 

168.96 


9.82  5.134.68 


Timber   in    caissons    and   decks,    48,-   ,„„,„„ 
924    ft.   B.    M ■ 1.^32.90 

Total    $10,223.77 

The  cost   of  labor,  including  superinten- 
dence, was  as  follows : 

Unloading    cement    $    IJJf  J? 

Setting  up   forms \.22\.,a 

Molding    ^■V'^Al 

Removing   forms    ii  A 

Waterproofing   o--00  ■ 

Testing    I0.47 

Repairing  and  cleaning  forms      192.29 

Launching    ^??-2„ 

Care  of  caissons  afloat 3a.  <  0 

Handling  crushed  stone l-j^-SS 

Care  of  plant 202.,2 

Miscellaneous     55.S0  d,!>iu.  lU 

rnloading  steel    90-65 

Placing  steel    Wf,.Z2      5o6.97 

Tr.ansferring  timber 45.60 

Spiking     and     framing     floor 

timbers    IbO.Sb 

^'et'c."^. ."":''';  .^".'^.'. ."!"".""':       677.70_^.S6 

Total    $5,311.53 


From  the  above  it  is  computed  that  the 
total  cost  of  labor  and  materials  for  1,045 
cu.  yds.  of  reinforced  concrete  in  20  cais- 
sons was  as  follows : 

Concrete: 

Materials     $3,756.19 

Labor     3. 870. 70 

$7,626.89 
Cost  per  cubic  yard  exclusive  of  ware- 
house,  wavs.    plant,   forms,   steel   and 

timber     $7,297 

Reinforcing  steel: 

Materials     $5,134.68 

Labor   handling   and    placing 556.97 


$5,691.65 
Cost    of   steel,    plus   cost   of   placing   in 

the  work,  per  pound $0.0219 

Timber: 

Materials    $1,332.90 

Labor,   handling  and   framing 883.86 

$2,216.76 
Cost    of    timber    and    cost    of    placing    in 
the  work,   per  M.    ft.    B.    M $45.31 

A  unit  price  of  concrete,  exclusive  of 
steel  and  the  placing  thereof,  based  on 
the  foregoing,  would  be  as  follows : 

Per  Cubic  Yard 

Cement    warehouse    $0,257 

Launching   ways    0.75O 

Plant     "•'157 

Forms    0.90S 

Labor  and  materials i.297 

Total    $9,669 

The  cost  of  all  labor  and  materials  in 
the  20  caissons,  exclusive  of  ways,  ware- 
house,  plant,   and   forms,   was   as    follows: 

Concrete    $  7. 626. SO 

Reinfoi-cing    steel    5.691.65 
Timber    2,216.76 


$15,535.30=5776.77  per  caisson 
Including  the  above  allowances  for  ways, 
warehouse  and  forms,  the  cost  for  20  cais- 
sons   would   be    as    follows : 
Launching  ways.$      783.75 

Warehouse    268.57 

Plant    477.57 

Forms     948.86 

Concrete     7.626.89 

Reinforcing  steel     5.691.65 
Timber 2.216.76 

$18.014.05=$900.70  per  caisson 
The  cost  of  towing  was  as   follows: 

Cost  of  towing  all  caissons.   6  at  $20. 

14   at  $23 *";■??, 

Cost  per  cubic  yard 0.4.3 

The  deck  was  removed  from  each  cais- 
son as  soon  as  received  and  the  pile  tops 
which  supported  the  upper  four  feet  of 
concrete  were  then  put  in  place.  The  to- 
tal cost  of  this  work  was  $329.07,  or  $16.45 
per   caisson. 

The    cost    of    the    special   plant   acquired, 
for    the    caisson    work    of    the    breakwater 
was   as   follows : 
Concrete    mixer,     complete,    and    in-  __ 

stallation  of  same $l,450.^o 

Concrete  tools ••  o-'" 

Saws  and  saw  frames  for  cutting  off 

piles   under   water Si.OO 

Special      tools.      clam-shell      bucket. 

paulin.  etc ii%% 

Scow   repairs    • J,ain 

Miscellaneous    -iy.r>v 

$2,186.88 

Half   value   derrick    and    scow    (other 

half    charged    to    riprap) 1.650.00 

$3,836.88 
.A.11  of  the  above  plant  is  portable  and 
will  be  treated  the  same  as  plant  used  for 
molding  caissons  in  arriving  at  a  charge 
for  plant  against  every  cubic  yard  of  con- 
crete : 
Depreciation,  10%  of  cost $383.69 

'"months  °"...'.°''.'..'!^r..'°!'..'  230.21  $613.90 
The  second  cement  warehouse  at  Al- 
goma, Wis.,  49x24  ft.,  cost  $489.8L  and 
the  forms  for  superstructure  cost  $221.02, 
while  those  for  the  manholes  in  the  con- 
crete   filling   cost    $24.22. 

.\  total  of  1,241  cu.  yds.  of  concrete  was 
made  and  deposited  in  the  concrete  break- 
water  after    sinking   the    caissons,    820    cu. 


May   19,   1909. 


ENGINEERING-CONTRACTING 


395 


ydi.  o(  mraerr  1-&-10  filling  and  421  cii 
yd».  of  fupvrstnicturc  and  intervals  b«- 
twrrn    cai»on«. 

Tli^      .rn,.Mi,I.     !,,     >.,.     .  i.  .ri;f  J    („    CVCry    Ctl- 

bi>  lant.   warehouse 

an 


run  I 


iviiimt    warr>Miu><' 


Stipvrtimrlure    furm* 


I04»S 


O.S»6 


0.S3S 


kUnbole  (ormii  ..  0.03U 

The  cost  of  alt  labor  and  materials  in 
the  8-2<>  cu.  yd».  of  concrete  tilling  was  a-, 
follow  4 : 

Cenirnt     <n3    (.l.lx      «i    SI  1  •. f    »»S.45 

Cru»»n^   himim'.    vji    •  ui.ii     >anla,   at 

II  .■■  t  .1  ••:  •'-. 

Hm  • 

H.I  ■  ^ton**. . . 

lu>>  III. >•  Int.- 

^■^l•■l 

This  places  the  cost  of  the  meagre  con- 
crete at  $3,927  per  cu.  yd.  for  the  prece<l- 
inir    iitms. 

Including  the  cost  of  plant,  forms  and 
warehouse,  the  cost  is  as  follows : 

Plant    til  4»-, 

W«rth<iu«"> 

Kornm    . 

Ljitior  and  n^-.^^-.i ..  '.7 

»4  S4: 

The  cost  of  the  labor  and  iiiaii.  rials  in 
the  -121  cu,  yds.  of  concrete  superstructure 
was  as   follows : 

Cement.  :.32    hblii  .    at    tl.lS t  «11.80 

On>"i.i  -I..1 .     1  ■..  .  iii.io  )-ard> '■;■.  no 

Hii  ■                                           :■(.■..; 

Hn-                                              IM  .:: 

iJii'> ••■  -  "f    i.u^i.ua 

Fuel    79.77 

tS.SK.SS 
The  cost   of  the  concrete   in   the   super- 
structure thus  becomes:     2,512.39 -r- 421  = 
^1  fHVS    per    cu.    yd. 

Including  proper  charges  for  plant, 
forms  and  warehouse,  the  cost  becomes: 

Plant    10  45.-. 

War^'hriuae   '♦'. 

FVtrm.t    

Latior  and  nuilertala 


The  piles  in  the  fotindation 
lows : 


PI!.- 
Ha^ 


I  IIIK       II  'iiii  - 


14 '.I  ft] 

iiTi9  34 

.\i    there    were    376    piles    used    in    the 

foil'-' ^^c  cost  per  pile  in  the  work. 

n<iT  charge  for  plant,   was  3,919 

.Mil. Willi;  I"  [K-r  cent  depreciation  on  a 
$->.ri<Ni  ;,.',  .!-;•,, r  nnd  intTr^t  f-,r  12 
month*  - 

mu«i   If 

tot;i:    -  ■  !■,  .  n 

th. 

t;,.  ..,...., •■■■" 

»tonc    an<l    sonif 
work    by    the    I'm:    . 
co<t   w.is  as   follows: 

I.arvi'    rlliriiti    ttti.n.-    Tiiiri  h.iMi.l 

1  >i.»;i.:: 

Sni.i 

J  -  .   J.74»  01 

IjiI'  !•  un  aiilrii 

at  K- 1.7U:4 

Ti  «  1: 


TImn  of  drrdS'*  In  caitlne  rip- 
rap.  1«H   liuurn.   B(  17. J4 !••'  'I       4t;.H 

Total   coal   of   rlpra|i  alone   In 

*\llUI4|\l-      lif      I>:.ltlt       <ll.lT,f..  .1^ 

I 

1  .<.«.00 

Total    <-o«l    ot    riprap   mm. 

Includlnc    plant    rliurK.  1^.0340 

From  the  above  the  a\  :ii  place 

of    riprap   sione    purcha-.  .  il.U    per 

ton,    r\cliisivr    <>t    plain  this    price    is 

somewhat  high,  which  is  due  to  the  fact 
that  mo»t  of  the  stone  had  to  l>e  handled 
twice  on  account  of  the  size  and  draft  of 
the   boats   on   which   it   was  delivered. 

The  cost  of  the  coniplitrd  .Ml."  ft.  of 
concrete  breakwater  from  the  above  be- 
comes as  follows : 

•""I""""-  • "i.-ie  IIt.i)l4.0S 

'1  441.00 

I  iind  preparlne  cala- 

"K y 3IS.07 

and     preliminary 

71.JI 

!  ..:..!   i....    ,.ip» 2.658.00 

II"   llinK.    drU'lnK.   cuttlns  off.   etc., 

M--    1.581. S4 

'  •'•    "' labor,  materials  and 

3.974.S4 

I  •tucture,   latKir.  ma- 

■-'••■• l-nce 3.108.24 

I  snmf S. 034. S3 

■  •h 3U3.:.') 

•Ml-- -    -Ml-...,    1SI.65 

t38.71S.SS 

.\s    there     were   511.7    ft.    of     concrete 

break-water,    the    cost    per    linear    foot    of 

completed    structure   is   38,718.58 -r- 511.7  = 

$7.Vt)7. 

I.>iimated  cost  per  linear  foot $103.74 

Actual  coal  per  linear  foot 75.67 

Difference  between  estimated  cost  and 
actual  cost }  18.07  . 

Cost    of    Constructing    a     Reinforced 

Concrete    Siphon    for    the    Sun 

River  Irrigation  Project." 

The  Simms  Creek  siphon  is  a  reinforced 
concrete  structure  l.itw  ft.  long,  with  an 
inside  diameter  of  5  ft.  3^4  ins.,  and  oper- 
ates under  a  ma.ximum  head  of  4<3  ft.  The 
work  was  done  by  force  account  except 
that  the  trench  excavation  was  constructed 
luulc-r  contract  at  25  cts.  per  cu.  yd.  It 
was  begun  in  October,  1907.  and  completed 
in  March.  I!'o8.  Where  the  siphon  is  in 
trench,    it    is    underlaid    with    gravel    and 

•Reprinted  from  the  "Reclamation  Rec- 
ord"   for  May.    1909. 


tile   pipe,    the    (tnder-drainatje   hetnff    intrr- 

««<-i. 

on 

Wc 

liar 


steel   ml 

erage  ii| 

Concrete    »ji   iiu.viti   m   tli. 

2-4.      1^-ilMir    and    wrathrr    . 

fax        • 

month,  ■ 
day.  and        , 

In   addition   to   the   1 
in    the   table,    there    w. 

tures  that  could  not   r^  I 

to  the  items  of  work.   • 
lions   of   which    are    shown    by    liic    loiluw- 
ing:     r>istrit>iitcd    cost.    <:i174^4-'>:    trTirh 
exr  :  -  l.lt;7  7ti     I 

inc  haiilinc 

ripr 
.Ic, 

tola.     ..    ,  .     .  .     ,    .       , ; 

$23.49  per  foot  of  siphon. 


!• 


The  Port  t  In- 

dia, are  consi  ridgc 

across    the    HooKhiy    at    Howrah.        This 
would  natMrn!!'.-  !«•  a  part  "f  thr  srrat  wTk 
whi 
coir 

dock-     :i;     \iu-    pi.ri 
cost    $1,M7(>.INI0. 


1  lie    priMiu    Linage 


The  Chinese  Government  is  asking  bids 
for  the  construction  o;   •      -    ••       ■    '     '  ' 
ings  to  be  used  as  a  bl- 
and printing  in   I'ckin.      .  ..     , 

buildings  were  prepared   by   .Milbiirn.   Heis- 
ter  &   Co..   Architects.    W.i-!ii'i.;:.  n.    I)    C 
Bids    from    .-Xmcrican    : 
tractors  must  lie  lilcil  t 
Legation,   at   Washington.    U.    l 


During   the   mcr*'       •     "       ' 
yds.  of  masonry  w 
Dam  of  the  .Vrl  •.  ■ 
the    C.    S.    k 
one-half  of  li. 

average  elevation  01    137   it.,  and 
half  to   an   eU-xntion   of    112   ft. 
floor  of  t'  ■.;  ninnel.     .\t  t: 

.\pril  thi  74   per  cent   ^ 


SfS     mVEH    PROIFCT.    SIMMS    CHEEK        SIPHON,     TOTAL     AXIl     f.MT     COST.- 

Reinforced  concrete.  CDderdrmln. 

Pip*.  Piers.  Intake,  etc  . 

siscu.   Villi.  :•:;  ru.  >d».             i.::.4  iin.  ft, 

■n   of  cost.                                Total          full  Tnliil              fnii             Tninl.         Unit. 

I-.                          $1,178.00        $:•■••..  I    t.'.;iiii       II.:.; 

t*                                                        77i  49              1  .'1;  .■■.SIS               .95 

1'                                                         330.71                   s  |>i  11-..               .«7 

Ai                                                       2.117.13             3  (T  Tii'.i  03             I.«l 

Cuiliii     ilulIiUIiuIiCv     191.71                 .'Ji  ."..,■.  si              1.09          

Lalxir: 

Iliilliii;     -iTiil    ;ifiil    ur.u.l     1.7SI.64                :.»!  TT3  S4               I.dS        $     3SS  «?          tO  iS 

I                                                       I'l    IM  43                 37  s:- 71               ,30 

mla- 

1«:30               .:«  ins.  19                I" 

i03  «o 

rm»                           1.I33.7S              1  Si  iir  37 

..I     i.I.i.  iriK    Ht.-.l                    sTv  :.:               It:  >i  I  , 
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Earth  and  Rock  Section 


Note :  This  Section  is  devoted  to  methods  and  costs  of  excavating  earth  and 
rock  and  building  embankments.  It  will  cover  the  grading  of  roads  and  rail- 
roads, diking  and  canal  work,  dredging,  building  reservoirs  and  earth  dams, 
sewer  and  water  pipe  trenching,  quarrying,  etc. 


Cost   of   Excavating   Canal,  Klamath 

Irrigation  Project.  * 

.^bout  ]l'.3  miks  of  South  Branch  Canal 
on  Klamath  Project  were  constructed  un- 
der two  contracts  during  the  season  of 
1908  and  part  of  1909.  The  upper  end  of 
the  canal  is  about  8  miles  from  Klamath 
Falls,  and  the  whole  of  the  work  was  di- 
vided into  eight  schedules  averaging  about 
1%  miles  in  length.  Schedules  1.  2  and  3 
were  constructed  under  contract,  the  great- 
er part  of  the  work  being  done  from  May 
to  December.  1!I08.  The  excavation  of 
about  8,000  cu.  yds.  on  schedule  1  was 
delayed   until   the   spring   of   liMl'J  and    was 


canal  is  built  entirely  in  embankment  with 
a  bottom  width  of  3.8  ft.  and  side  slopes 
of  1%  to  1.  On  this  schedule  the  material 
for  the  outer  triangles  of  the  canal  banks, 
amounting  to  about  40  per  cent  of  the  to- 
tal, was  deposited  in  12-in.  layers  in  the 
ordinary  manner  of  building  embankments, 
but  the  other  00  per  cent  of  the  material, 
was  deposited  in  6-in.  layers,  sprinkled, 
and  rolled.  Schedules  4,  5,  6,  7  and  8  were 
constructed  under  formal  contract  and  in- 
formal specifications,  the  greater  part  of 
the  work  being  done  from  .\ugust  to  De- 
cember. 1908.  \  small  amount  of  work  on 
schedules  4  and  8  was  done  in  the  win- 
ter of  1908-9.  and  finished  in  March.   190!l. 


by  six-horse  teams,  and  in  general  no  bad 
conditions  were  encountered.  .\  small 
amount  of  indurated  material  that  required 
blasting  before  scrapers  could  be  used  was 
encountered,  but  no  separate  estimate  of 
the  cost  of  excavating  this  material  was 
kept.  The  per  cent  of  this  material  in 
terms  of  the  whole  amoimt  of  excavation 
on  the  several  schedules  is,  however,  tab- 
ulated with  the  unit  costs. 

On  the  first  contract,  covering  schedules 
1.  2  and  8,  an  estimate  of  interest  on  in- 
vestment is  made  at  6  per  cent  per  annum 
on  the  estimated  value  of  animals  and 
equipment.  For  the  second  contract,  cov- 
ering the  other  schedules,  no  estimate  of 
interest  on  investment  has  been  made.  For 
both  contracts  an  estimate  of  depreciation 
of  equipment  has  been  made  at  2  per  cent 
per  month  on  the  total  value  thereof.  The 
weather  and  labor  conditions  were  gener- 
ally good  under  both  contracts.  The  wages 
for  common  labor  were  $2  per  day,  and  the 
cost  of  animals,  including  depreciation, 
was  estimated  at  $1  per  day  each. 

There  are  tabulated  below  the  unit  costs 
of  the  work,  including  cost  to  the  contrac- 


Fig.    1. —  Aerial     Cabieway     Bridge     Making     80-ft.    Filli  on    Delaware,  Lackawanna    &    Western    Ry. 


finished  in  March.  On  schedules  1  and  3 
the  bottom  width  is  from  15  to  18  ft.  and 
the  slopes  are  1%  to  1.    On  schedule  2  the 


•Condensed    from    the    "Reclamation    Rec- 
ord"  for  May,   1909. 


I''or  all  of  schedules  4,  5,  0.  7  and  8  the 
bottom  width  of  canal  is  11. o  ft.  and  the 
side  slopes  iV2  to  1. 

On    all    scredules    most    of   the    material 
excavated  was  earth  that  could  be  plowed 


tors  and  the  engineering  expenses  of  the 
United  States,  together  with  other  u.seful 
information   relating  to  the  work. 


COST   OF    EXC.WATING    SOUTH    BR.\NCH    C.\N.\I.. 

Schedule   No 12  3 

L,ength,  miles    1.27  1.36  3,0 

Quantity,  cubic  vards 54,734  163,987  71,895 

Aggregate  cost    $3,077  $30,230  $10,212 

Per  cent  of  indurated  material..      23  u  5 

Winter   work    2  mos.  none  none 

Cubic   yards    (per  man   day) 23  3:1  36 

Cubic  .vards   (per  horse  day) 16  17  23 

Interest    $0,005  $0,003  $0,003 

Preparatory  e.xpense    009  .006  .008 

Depreciation     007  .006  .004 

E.xecutive    016  .008  .007 

Superintendence     , 012  .006  .003 

Labor: 

Plowing,    men    014  .006  .008 

Plowing,   horses    013  .008  .008 

Scraping,    men    045  .033  .027 

Scraping,    horses    048  .050  .033 

Loading   and    dumping 018  .010  .008 

Sprinkling   and    rolling .003  ... 

Finishing  and  sloping 007  .005  .008 

Miscellaneous    009  .007  .003 

Supplies    024  .021  .009 

Engineering  and   inspection 013  .013  .013 

.240  .18.-,  142 


<L.\M.-\TH     IR1!IG.\TI0N 

PROJECT. 

4 

5 

6 

7 
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1.3 

1.33 
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.008 

.008 
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.041 

.050 

.021 

.012 

.010 

.014 

.014 

.014 

.011 

.006 

.bis 

.oie 

.008 

.007 

.006 

.012 

.004 

.006 

.005 

.003 

.005 

.005 

.011 

.011 

.011 

.011 

.011 

Designs  for  a  new  bridge  across  the 
Mississippi  River  at  St.  Louis  are  well  on 
toward  completion  in  the  office  of  Boiler  & 
Hodge,  of  New  York  city.  The  bridge 
will  be  about  two  miles  long,  is  estimated 
to  cost  $3,500,000  and  is  planned  by  the 
city  of  St.  Louis.  According  to  reports 
there  will  be  three  670-ft.  spans  with  simple 
pin-connected  through  trusses  110  ft.  deep 
and  35  ft.  apart  on  centers,  proportioned 
to  carry  a  30-ft.  roadway  with  two  trolley 
tracks,  between  trusses  on  the  upper  deck, 
which  will  have  a  reinforced  concrete  floor, 
wood  block  pavement  and  two  (i-ft.  grano- 
lithic antilcver  sidewalks.  The  lower  deck 
will  have  two  railroad  tracks  proportioned 
for  E60  locomotives.  The  superstructure 
of  the  main  spans  will  weigh  about  5,000 
tons  each  and  will  be  supported  on  stone- 
faced,  concrete  river  piers  and  of  a  ma.xi- 
mum  height  of  about  100  ft.  above  low 
water  level,  with  pneumatic  caisson  fo(mda- 
tions  carried  down  to  a  maximum  depth 
nf  about   104  ft.  below  low  water. 
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An  Aerial    Cable    Bridge   for  Making  n  and  tackle 
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, ;.!.itform;  the  view  Fig.   1   

this  qinte  clearly.  At  the  start  uf  work 
the  platform  is  suspended  quite  close  to  the 
tower,  but  as  the  embankment  is  hlleil  out 
the  platform  is  moved  away  from  ilie  lower 
as  shown  in  Fig.  1.  The  method  of  mov- 
ing the  platform  constitutes  one  of  the 
interesting  features  of  the  plant, 

.•\s  mentioned  above  the  row  of  suspend- 
ers on  each  cable  are  spaced  and  connected 
by  a  >ort  of  chain  of  connecting  bars.  The 
platform  and  its  suspenders  thus  constitute 
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The  town  of  Endicott,  in  Whitman 
County.  Washington,  according  to  press 
dispatches,  is  using  wheat  straw  on  its 
streets  as  a  means  of  binding  the  mud  in 
the  spring  and  keep  down  the  dust  later 
on.  Two  miles  of  streets  were  covered 
this   spring,   a    foot   of    fresh   straw   being 


Fig.  2— General   View  of  Aerial   Cableway   Bridge  and   of   Valley   Crossed  by    Rock    Fill. 


I«jth  views,  is  made  of  steel  and  so  put  to- 
gether that  it  can  be  easily  taken  down. 
This  tower  is  'i'i  ft.  wide  across  track,  20 
ft.  wide  in  the  direction  parallel  with  the 
track,  this  width  decreasing  to  12  ft.  at 
the  top,  which  is  some  70  ft.  above  ground. 
The  arrangement  of  the  tower  framework 
is  well  shown  by  the  views  1  be  tower 
moves  on  a  20  ft.  gage  track,  laul  on  the 
lill.  The  movement  is  by  skidding,  hori- 
zontal   steel    plates    t>eing    attached    to    the 
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an  assemblage  which  can  be  moved  as  a 
unit  riding  on  the  main  cables.  To  keep 
this  assemblage  at  a  fi.\ed  distance  from 
the  tower  (it  would  have  a  tendency,  of 
course,  to  slide  down  hill  011  the  cables  as 
they  sag  down  from  the  tower  top)  a  cable 
is  attached  to  the  near  ends  of  the  chains 
of  connecting  bars,  then  carrieil  to  and 
over  a  sheave  at  the  tower  lop,  and  thence 
down  to  the  base  of  the  tower  and  fastened. 
Hy  letting  out  this  cable  the  bridge  or 
platform  is  fr.  .■  i.p  tm.^.-  ,pnt  away  from 
the   tower  on  ■  perform  this 
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laid  from  curb  to  curb,  and  packed  into 
the  wet  ground  following  a  slight  rauii.ill 
The  experiment  is  said  to  havr  her!,  1 
success. 


The    cost   of  tillering   water    by    the   slow 
sand    metho<l    is    given    :\<    f..l|..w«    in    ?he 
IlKi"  report  of  th.    ' 
Board.     During  :'■ 
were   t'lliered    at 
or    alx'Ut    SSMssi 
itenii.'.-.i    ,  p.~p    •.,  • 


nr 
$1  ' 
veyiiiK 
extras.  ■ 

It  is  state>! 

Vi.    ' 
iiii.' 
aiip 
.SI. 

p.. 


•1 1  -z 
The 

tJ,- 


and 


Chii 


•  "  ■       fci  ■  ■  >  '    I  -  >  .  1  . '    i  ■  I      »*  ■  •  1 1 1  <  I     K  I  ■  ■  >  I  •  I  <  li  r  ('      I  1 1 1 

rtf  hi*  company  for  3  per  cent 


398 


ENGINEERING-CONTRACTING 


Vol.  XXXI.     No.  20. 


Roads  and  Streets  5ection 


Note :  This  Section  is  devoted  to  methods  and  costs  of  road  and  street  con- 
struction. It  will  cover  road  building  in  all  its  details,  the  construction  of 
pavements,  sidewalks  and  gutters,  the  testing  and  use  of  paving  materials  and 
the  machinery  and  tools  used  in  road  building  and  paving. 


The  Theory  of   Economic  Road    and 
Street  Design  and  Location. 

VI. 

The  Economic  Effect  of  Increased  Speed 
of  Light  Vehicles  Over  Hard  Roads. — Tims 
far  we  have  considered  only  the  economies 
of  hauling  heavy  loads  over  paved  roads. 
In  many  localities  there  is  a  very  impor- 
tant traffic  consisting  of  vehicles  carrying 
light  loads,  such  as  dairy  products,  "gar- 
den truck,"  etc.  When  earth  roads  are 
hard  and  dry,  there  is  little  gain  in  the 
speed  with  which  such  loads  can  be  hauled, 
as  compared  with  paved  roads;  but,  after- 
rains  or  in  dry  weather,  most  earth  roads 
are  covered  with  mud  or  dust  to  such  an 
extent  as  to  decrease  the  horse  mileage 
very  materially. 

A  horse  that  is  traveling  at  a  6-mile  trot 
can  exert  less  than  half  the  tractive  pull 
that  can  be  exerted  at  a  2%-mile  walk.  If 
a  horse  exerts  a  tractive  pull  of  50  lbs.  at 
a  trot,  it  is  capable  of  hauling  a  vehicle 
and  load  having  a  combined  weight  of 
1,000  lbs.  over  an  earth  road  offering  a 
tractive  resistance  of  100  lbs.  to  the  ton. 
But  where  there  is  mud  2%  ins.  deep,  the 
resistance  becomes  2%-  times  as  great,  or 
250  lbs.  per  ton ;  and  where  the  wheels 
sink  into  clay  mud  6  ins.  deep,  the  resist- 
ance is  nearly  500  lbs.  per  ton.  Therefore 
even  with  only  half  a  ton  of  vehicle  and 
load  to  haul,  a  horse  can  not  go  faster 
than  a  walk  in  mud  that  is  only  2%  ins. 
deep.  There  are  many  sections  of  the 
country  where  such  mud  exists  on  the 
roads  for  at  least  60  working  days  yearly 
C excluding  the  winter  months  entirely). 
Every  bit  of  light  hauling  done  during 
those  si.xty  days  is  done  at  double  the  cost 
that  would  exist  were  paved  roads  avail- 
able. How  much  light  hauling  of  this  char- 
acter exists  in  any  given  section  should 
be  estimated  by  the  engineer  and  due  al- 
lowance made  for  it  in  arriving  at  the  total 
expenditure  justifiable  in  paving  a  road. 

The  Economies  of  Maximum-  Grades. — 
A  maximum  grade  is  the  steepest  ascent  on 
a  road.  It  is  commonly  said  that  the  max- 
imum grade  determines  the  size  of  load 
that  can  be  hauled.  While  this  is  true  on 
a  railway,  it  is  subject  to  qualification  on 
a  road  where  horses  are  the  motive  power. 
A  locomotive  has  a  certain  definite  trac- 
tive power  limited  by  the  adhesion  of  the 
wheels  to  the  rails,  but  a  horse  can  double, 
triple,  or  quadruple  his  normal  tractive 
power  for  a  short  time.  Hence  if  a  2%- 
ton  load  (including  the  wagon  or  cart)  of- 
fers a  tractive  resistance  of  125  lbs.  on 
the  level,  and  if  this  is  as  much  as  a  horse 
should  be  called  upon  to  average,  it  does 
not  follow  that  the  horse  is  incapable  of 
pulling  that  load  up  a  grade  even  as  .steep 
as  4  per  cent.  The  2%  tons  will  require  a 
tractive  effort  of  200  lbs,   to  overcome  the 

4  per  cent  grade  resistance,  plus  the  125 
lbs.  tractive  resistance,  or  a  total  of  325 
lbs.  This  pull  is  within  the  capacity  of  the 
horse,  if  exerted  for  a  short  time,  with 
intervals  of  rest.  Hence  it  is  that  max- 
imum grades  on  roads  are  of  less  eco- 
nomic importance  than  on  railways.  Nev- 
ertheless they  merit  study. 

The  writer  has  had  a  team  of  horses  pull 

5  tons  of  stone    (6  tons  including  wagon) 


up  a  5.3  per  cent  grade  on  a  macadam 
road,  thus  exerting  a  pull  of  more  than 
800  lbs.,  even  assuming  only  30  lbs.  per 
ton  of  tractive  resistance  on  level  ma- 
cadam. Each  horse  weighed  about  1,600 
lbs.,  and  therefore  e.xerted  a  pull  equal  to 
%  of  his  weight.  The  grade  was  1,200  ft. 
long,  and  several  short  stops  were  made. 

To  determine  the  maximum  grade  that 
can  be  used  without  decreasing  the  load 
that  can  be  hauled  on  the  level,  apply  the 
following  rule : 

Ascertain  the  average  load  (including  the 
wagon)  that  a  horse  can  haul  oh  the  level, 
assuming  an  az'erage  tractive  pulling  power 
equal  to  10  per  cent  of  its  weight,  and  a 
tractive  resistance  of  20  to  100  lbs.  per  ton 
depending  en  the  nature  of  the  road  sur- 
face. Then  ascertain  the  excess  tractive 
pozver  of  the  horse  (available  for  short, 
hard  pulls)  by  taking  13  per  cent  of  its 
zveight,  and  divide  this  by  20  times  the 
load  (including  ziKigon) ;  the  quotient  is  the 
maximum  grade  that  can  be  overcome  zuith- 
out  reducing  the  load. 

This  rule  is  based  on  the  assumption  that 
a  horse  can  exert  a  maximum  tractive  pull 
of  25  per  cent  of  his  weight  while  going 
up  a  steep  grade. 

As  a  matter  of  fact,  this  is  a  conserva- 
tive estimate,  for,  where  the  foothold  is 
good,  a  team  of  light  mules  has  been 
known  to  exert  an  average  pull  of  1,000 
lbs.  when  going  up  a  steep  grade  on  an 
earth  road.  (See  tests  made  by  the  U.  S. 
Department  of  Agriculture).  If  the  mules 
weighed  as  much  as  1,200  lbs.  each,  this 
IS  equivalent  to  a  pull  of  40  per  cent  of 
their  weight,  in  addition  to  lifting  their 
own  weight  up  the  hill. 

In  his  "Roads  and  Pavements,"  p.  51, 
Baker  makes  the  mistake  of  assuming  that 
a  horse  can  exert  a  maximum  tractive  ef- 
fort of  only  25  per  cent  and  that  from  this 
must  be  subtracted  the  power  required  to 
lift   its  own  weight. 

If  it  is  desired  to  consider  the  work  done 
in  raising  the  weight  of  the  horse  up  the 
grade,  then  we  should  ascribe  to  the  horse 
a  maximum  working  capacity  equivalent  to 
a  tractive  pull  of  at  least  30  per  cent  of  its 
weight  when  traveling  at  a  walk.  In  which 
case  the  rule  for  ascertaining  the  max- 
imum grade  would  be ; 

Ascertain  the  load  (including  zvagon) 
that  a  horse  can  pull  on  the  level,  assum- 
ing an  average  tractive  fmUing  pozi'cr  equal 
to  10  per  cent  of  its  zveight.  To  this  load 
add  the  zt'cight  of  the  horse  itself  and  mul- 
tiply by  20;  divide  this  product  into  20  per 
cent  of  the  zs/eight  of  the  horse,  and  the 
quotient  zmll  be  the  desirable  maximum 
grade. 

Application  of  these  two  rules  will  show 
that  they  do  not  give  materially  different 
results,  and  since  neither  the  tractive  re- 
sistance of  the  road  nor  the  maximum  tract- 
tive  power  of  the  average  horse  can  be  es- 
timated with  great  accuracy,  it  seems  best 
to  apply  the  first  rule  above  given.  For 
practical  purposes  it  is  well  to  assume  some 
definite  average  weight  of  horse,  such  as 
1,200  lbs.,  and  reduce  that  rule  to  a  sim- 
pler form,  thus : 

Ascertain  the  average  load  in  tons  (in- 
cluding zi'agon)    that   a    horse   can    pull  on 


the  level,  by  dividing  120  by  the  tractive 
resistance  in  pounds  per  ton  (say  40  lbs. 
for  macadam  and  So  to  100  lbs.  for  hard 
earth  road).  Multiply  this  load  by  20  (since 
each  I  per  cent  grade  offers  20  lbs.  per  ton 
resistance)  and  divide  into  iSo  (the  excess 
tractive  pozver  of  the  horse  available  for 
short  periods  of  time);  the  quotient  is  the 
desirable  maximum  grade. 

-•Applying  this  rule  to  macadam  having 
40  lbs.  tractive  resistance  per  ton,  we  have 
120^-40  =  3  tons  (including  wagon)  as  the 
average  load  for  a  horse  on  the  level.  Then 
180 -^  (3X20)  =3  per  cent,  which  is  the 
maximum  grade  that  this  3-ton  load  can 
be  hauled  up. 

.\pplying  this  rule  to  an  earth  road  hav- 
ing 10(5  lbs.  tractive  resistance  per  ton,  we 
have  120-^100  =  1.2  tons  (including 
wagon),  as  the  load  on  the  level.  Then 
180^  (1.20  X  20)  =7.5  per  cent,  which  is 
the  ma.ximum  grade  that  this  1.2  tons  can 
be  hauled  up. 

To  estimate  the  net  load,  assume  the 
weight  of  a  large  one-horse  cart  at  %  ton, 
and  of  a  two-horse  wagon  at  1  ton. 

Some  of  the  earlier  writers  on  roads 
have  advocated  a  maximum  grade  not 
greater  than  the  slope  of  repose,  so  that  a 
horse  can  trot  down  hill  without  the  neces- 
sity of  using  brakes  to  hold  the  vehicle 
back.  This  would  give  a  maximum  grade 
of  2  per  cent  on  good  macadam,  and  4  or 
5  per  cent  on  hard  earth  roads.  There  is 
no  economic  justification  for  any  such  rea- 
soning. Nor,  in  fact,  should  the  above  rule 
be  applied  without  further  consideration  of 
the  economics  of  the  problem. 

It  frequently  costs  many  thousands  of 
dollars  to  secure  maximum  grades  as  low- 
as  3  per  cent  on  even  5  per  cent.  The  ques- 
tion that  confronts  the  engineer  is  whether 
a  given  expenditure  is  justifiable  in  order 
to  secure  the  maximum  grade  which  the 
above  rule  indicates  as  being  desirable  in 
order  not  to  reduce  the  average  load 
hauled.  Clearly  the  answer  to  this  question 
is  found  in  the  following  rule : 

Select  a  maximum  grade  such  that  the 
total  excess  cost  of  securing  it,  as  coin- 
pared  zvith  the  "desirable  ma.ximum  grade" 
(ascertained  by  the  above  rule),  shall  not 
exceed  the  capitalij^ed  value  of  the  in- 
creased annual  cost  of  hauling  the  ton- 
nage over  that  grade. 

In  applying  this  rule,  the  procedure  is  as 
follows :  Determine  the  "desirable  max- 
imum grade,"  which  on  macadam  having  a 
tractive  resistance  of  40  lbs.  per  ton  is  3 
per  cent,  as  above  shown.  If  there  are 
steeper  natural  grades  on  the  road,  select 
some  grade,  say,  5  per  cent  as  a  tentative 
maximum,  and  estimate  the  difference  be- 
tween the  cost  of  grading  the  entire  road 
to  a  5  per  cent  maximum  and  to  a  3  oer 
cent  "desirable  maximum."  Let  us  assume 
that  this   difference  is  $3,000. 

Next  ascertain  the  number  of  tons  (that 
a  1,200-lb.  horse  can  haul  up  the  proposed 
5  per  cent  grade,  by  applying  the  following 
rule : 

The  load  in  tons  (including  zcagon)  that 
a  l.200-lb.  horse  can  full  up  anv  giz'en 
grade  on  a  paved  road  having  a  tractive 
resistance  of  40  lbs.  per  ton  is  found  by 
adding  2  to  the  per  cent  of  grade  and  di- 
viding this  sum'  into  15. 

Thus  on  a  5  per  cent  grade  we  have  2  + 
5^7,  which  divided  into  15  gives  2  1/7 
tons  as  the  maximum  load. 

[The  above  rule  is  deduced  thus:  Let  .t 
be  the  number  of  tons  that  a  1,200-lb.  horse 
can  haul  up  a  grade  of  r  per  cent.  Assum- 
ing the  horse  capable  of  exerting  a  max- 
imum tractive  pull  of  25  per  cent  of  its 
own  weight,  we  have  300  lbs.  tractive  pull 
going   up    the    grade.     Since    grade    resist- 
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anoc  is  practically  2*>  IIm.  per  ton  for  each 

1  per  cent  of  tl^adt  we  have  20  r  jr  as  the 

t^adc   resistaiKe.    On   macatlam   havinK  40 

IK<     tractive    resistance    per    ton,    the    total 

'  .tn    rciistaiKe    is    i*>x,   on    the    level. 

•  re     we      have      2t)    r  jr  +  40  jr  :^J00 

li 

= which  is  expressed  in  the  above 

r  +  2 
rule.l 

*    . 'Tss  load  of  3  tons  |)it  liiifM-.  i>r  ti 
r   team.  i»  e<|uivali-ni   In   :i   net   load 

It  5  tons  per  team  on  a  3  per  cent 

grade. 

.\  Kfoss  load  of  21  tons  per  horse,  or 
nearly  4.3  tons  per  team,  is  equivalent  to 
3*(  tons  net  load  on  a  5  per  cent  Rrade. 

irns  average  1"'  miles  a  day  hauling 
returning  1"  miles  empty),  we  have 
111  •  .,rr5i)  ton-miles  hauled  per  team 
where  the  iiiaximiim  grade  in  '^  per  cent, 
which  is  c<]uivalent  to  6  c\>.  per  ton  mile, 
wl'i-re  a  team  costs  $3  a  day. 

Where   the   o   per    cent    nia.itimiim   grade 
exists  we  liavc  10X3.3^;V1  ton-miles  per 
team    day.    at    9    cts.    per    ton-mile       Thus 
there  is  a  loss  of  3  cts.  per  ton-mile. 
If  there  are  5,000  ton-miles  of  traffic  th.ii 
-s   over    the    maximum   •">   per    cent 
•':ie  increased  cost  of  the  hauling  is 
•    ^$1.V>  annually. 
^   thi<   at   4   per   cent,   we  have 
;,  .  ■  "•  ^^$3,".jO,  which  is  the  ex- 

pense    '  to    secure    the    desirable 

maximu-     ^  "f  3  per  cent  as  compared 

with  the  o  per  cent  maximum  grade.    If  the 
difference    in    first    cost    is    only   $3,i>Hj.    as 
above   assumeil.   then   the   $3.i>iO  extra   ex- 
pense of  securing  the  3  per  cent  grade   is 
:itly  justifie<l.  for  it  is  less  than  the 
111    value   of   the   annual    saving   in 
'    ■■■  ■    $3,7.iO. 

•  I  the  total  cost  of  sccur- 
maxinnim  grade  be,   say, 
■  t  the  cost  of  securing  the 

.Me  maximum,"  other  con- 
diiinns  In-ing  as  al>ove.  then  the  engineer 
should  assume  an  even  greater  maximum 
^ade  than  -I  per  cent,  say  6  per  cent,  and 
repeat  the  calculations.  This  process  of 
assumption  of  maximum  grades  must  con- 
tinue  until    a    maximum    grade   is    selected 

..  1 .^    ....  coit  over  the  3  per  cent  "ilc- 

■luim"  dues  not  exceed  the  cap- 

of  the  annual  saving  in  haul- 

inj{  over  the  3  per  cent  maximum. 

Of  course,  in  applying  this  method  of 
solving  the  problem  of  maximum  grades, 
there  is  to  he  considered  not  merely  the 
annual  ton-mileage  already  tributary  to  the 
road,  but  the  ton  mileage  that  may  be 
reasonably  counted  upon  to  develop  with- 
in a  few   years  after  its  improvement. 

In  locating  mountain  rfiads  for  long 
freight  liaiiN.  tin-  inwinecr  should  consider 
the  practice  of  hitching  two  or  more  teams 
to  one  wagon,  leaving  the  other  loaded 
wagons  at  the  foot  of  the  grade,  to  be 
picked  up  one  at  a  time.  Very  sleep  max- 
imum grades  are  frequently  economic  when 
■  iiual  traffic  i^  '  '  '  '  '  n  the 
r   of  the   haul  •    sev- 

.i.ii    o.ims   can    be    tc:;., ^led    to 

one  wagon 

Rear  in  mind  that  an  .  •  .ni'.in!,  in.i\iiiuim 
Ifrade  located  at  end  ■  ' 

the    market     may    \>c  r 

than  the  maximum  gra<U  iir.n  tii'  fiid  "f 
the  road  clo«r  t*^  ih<-  n'Trk*-!.  for  the  ton- 
nage that  |.  .  •  of  a 
road    usuall.  et    is 

approached        !!•:: lUIi'ini    i-:  -....I,! 

not   be   adopiicl    arbiirarilv   ami 

everv    part    of    :i  ■    '  ■  ■  '    "^ 

sideration  r.f  tin 

are   tributary   lo   • 

By   "tributary"   we    mean   thai   all    liie    i-mi- 

nage  th.it   passes   over   a   given   hill    should 


be  multiplied  by  the  average  distance 
hauled  to  market  to  ascertain  the  ton-mile- 
age tributary  to  that  hill  or  grade  If  a 
road  IS  lU  miles  long,  and  if  there  is  a 
very  steep  hill  9  miles  from  ihr  market 
and  another  steep  hill  1  iiulc  irom  tlic  mar- 
ket, it  mav  pay  richly  t.i  •  '  -'ii-  grade 
on    the    hill    1    mile    fro;  to,    say 

3   per   cent.   <lue   to   ih.  t.  .1    m 

hauling  a  large  ton  : 
as.  it   may   not   pay   i 

less  than,  say,  7  per  cent  on  the  hill  'J 
miles  from  market,  due  to  the  small  ton- 
mileage  that  will  pass  over  it. 

Although  each  important  hill  deserves  in- 
dividual consiilcraiion.  .1  •  '  v-d, 
bear  in  mind  also  that  a  lis 

having    practically    the     ^ .igc 

tributary  to  each,  need  nut  In-  con^jclcred 
separately;  but  the  loliil  c-'-l  oi  ~rciiring 
the  "desirable  maximum"  grade  on  all 
these  hills  should  Iw  estimated,  and  com- 
pared with  the  total  cost  of  securing  other 
grades  on  these  hills. 

(To  be  continued) 


dividual  farmer's  thre-'  J  in.  cylin- 

der  and    ;ki-in,    rear,    u  .!'.    tJie    nt- 

tachments.    pump    water,    mm     %•. 
hay,  and  do   various  other   task 
to  be  done   by   machinery  on  the  avcrjjje 
size  farm. 

The    Tractor    d.         -    -    > - 

tires;    it   has    a    -! 

'■'■■I   with  2-in 

■   to  run 
•reets.     Th. 
a    iCreat    many    years    and    can    In-    renewed 
at    very   slight   expense.     Thus,   it   is  called 
a  city  tractor   as   well   as  a   farm  tractor. 
Iiecausc    it    can    run    into   the   city   without 
damage   to  the  paved     ' 
used  for  all  kinds  of  1 
for  city   use       Its   '■     ■' 
tons  on  its  own  v. 
weight    of    the    tra   • 

The  tractor  will  travel  on  the  public  high- 
ways 10  to  12  miles  per  hour  and  climb 
the  steepest  grades  with  its  load.  The 
selling  price  is  $2.."><Hi  f,  o.  b.  Peoria 


A  Motor  Wagon  for    Farm  Haulage. 

Ill  ncciit  artitlo  on  iin|>rotiil  ro.i.l 
economics.*  which  have  been  published 
in  the>e  columns,  we  have  spoken  of  the 
influence  that  the  motor  wagon  for  haul- 
ing farm  crops  is  Ixjund  in  the  future  to 
exert  on  the  economics  of  improved  high- 
ways. The  time  is  not  many  years  distant 
we  believe  when  motor  wagons  will  be 
commonly  used  in  farm  haulage,  .\mong 
other  indications  of  this  ultimate  condition 


Per    Cent  of  Compression  of  Asphalt 

Wearing  Surface. 

In  K*"-")  an  experiment  was  conducted  un- 
der the  direction  of  John  C.  Sheridan. 
Chief  Engineer  of  the  Bureau  of  High- 
ways, Borough  of  Brooklyn.  New  York 
City,  to  determine  the  per  cent  of  compres- 
sion of  asphalt  wearing  surface  from  the 
loose  measurement  delivered  on  the  street 
to  that  in  place.  The  experiment  was  on  a 
piece   of   work   2i>7    »<|.   yds.    in   area.     The 


A   Motor  Wagon  for  Farm   Haulage. 


of  affaifN  In  till-  i.ict  thai  a'.uoinolnle  man- 
ufacturers and  makers  of  agricultural  ma- 
chinery and  wagon  niai'"' .  t  ,r.  r,  are  in 
many   instances  studying  'e   ways 

of  developing  motor   waK  rm  use. 

One  of  these  studies  is  illustrated  in  the 
accompanying  engraving,  which  shows  the 
'ocalleil  Farm  and  City  Tractor  worked 
out  by  the  .Xvcry  Company  of  Peoria,  III., 
who  will  tic  in  position  to  make  deliveries 
on  June  1.  liNiO. 

This   vehicle  has  a  four    ■'•■■■'■  ■•  •. line 

motor  mounted   in   front  vill 

take  either  a  truck  or  a   •  ^  •  ick 

or  any  form  of  bed  for  hauling  loads  on 
thr  Trn.tor.  It  will  pull  three  or  four 
I  :  •  «,   pull    a    drag    or  t  >r 

public   roads  and   1  on 

■  ■rihiiar:.  larm  w.igon*  a"''  oilur  \iiiKles 
iK-hind  it. 

The   motor    shaft    ••• ' '•    •"    is 

to    lie    provided    wit  ud 

■  ■"   I--  used  to  shell   in- 

.0  Tt>i<«>ry  of  tC<-unomle  Koad  nnd 
..^,,..■1  liealsn  nnd  I»cntlon."  Bn«.-Contr.. 
April    It.    21    nnd   ii  iiml  May   h.    if  and   t». 

190». 


binder  was  to  be  1  in.  and  the  >uiiav.c  mix- 
ture 2  ins.  thick  when  laid 

When  ^'"'   '■''•>■"»■.!.    T,  III n.l  ii !. iti  vv  »x  .-itTii- 
pleled  ot 
from   a   1; 

These    Sections    were    taken    ab<.iul    JV«    It. 
apart.     After   the   binder   was    laid,   meas- 
urements   were    made    from    the    line   over 
the  same  points,  and  after  the  wearing  sur- 
f.ice  wa- 
taken   at 
having    |..-  .  :■,.-,.     ,  ■  .  .,    ...  .,-,., .  ■,    ...    ..... 

truck.      It    was    found    thai    there    wa>    a 
v'li  ink  Ik-     ■■!  '.'l'-;   11.:      ■  !'    from  the  loose 

measurement 

.t    there   was   a 

Mliiinkagc    oi    M   |>cr    vt.ii!    from   the   plant 

inr,Tsiirrn>ent    to    the    measurement     com- 

I   place.     This  was  on  the  wearing 

the    shrinkage   in   binder   was  not 

IK  [( I  iiiiiied. 


The  ;i  •  or 
highwa>  ap- 
proximately So  It.  and  tlii>  «i'l;)!  I'.as  been 
foniiil  to  be  ample   for  all  purposes. 
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Road  Treatment  Work  of  the  Massa- 
chusetts   Metropolitan    Park 
Commission  in  1908. 

During  1908  the  Metropolitan  Park  Com- 
mission continued  the  work  of  road  treat- 
ments along  the  same  genera'  line  of  the 
preceding  year,  and  to  a  greater  extent.  In 
addition  the  commission  conducted  some 
additional  experiments  with  new  mixtures 
of  oil  and  tar.  Tar  and  a  tar  and  asphalt 
mixture  have  also  been  used  in  resurfacing 
work  by  incorporating  the  bituminous  ma- 
terials with  the  stone  used. 

Practically  all  of  the  roadways  of  the 
parkways  and  reservations,  which  are  sub- 
jected to  automobile  traffic,  were  treated 
with  some  material  for  their  preservation. 
Generally  the  results  have  been  satisfac- 
tory, and  all  sprinkling  with  water  to  lay 
the  dust  on  these  roads  has  been  abolished, 
as  it  has  been  unnecessary. 

The  accompanying  table  taken  from  the 
last  annual  report  of  the  commission  gives 
some  data  on  the  cost  of  this  work.  The 
figures  in  the  cohimn  under  cost  of  bitu- 
minous binder  includes  the  material  and 
the  labor  of  applying  it.  The  other  figures 
on  the  same  line  for  cost  of  labor  refer  to 
the  cost  of  applying  sand,  gravel  or  stone 
screenings   over  the  binder. 

In  the  Blue  Hills  Parkway  the  surfaces 
of  the  pleasure  drive  from  Neponset  river 
to  Blue  Hill  Terrace,  a  distance  of  about 
%  of  a  mile,  and  of  the  traffic  road  from 
Neponset  River  to  Canton  Ave.,  a  distance 
of  about  1%  miles,  were  treated  with  an 
asphalt  oil  known  as  "asphaltoilene."  The 
work  was  done  by  the  Good  Roads  Im- 
provement Co.  of  Cincinnati,  O.,  from 
June  20,  1908,  to  July  18,  1908.  The  cost 
of  this  work  was  at  the  rate  of  6  3-5  cts. 
per  square  yard  of  roadway. 

In  the  Middlesex  Fells  Parkway  both 
roadways  of  the  parkway  from  Broadway, 
Somerville.  to  the  junction  with  Revere 
Beach  Parkway,  and  the  westerly  roadway 
from  the  junction  with  Revere  Beach 
Parkway  to  Emerald  St.,  a  total  length  of 
about  three  miles  of  roadway,  varying  in 
width  from  26  ft.  to  40  ft.,  were  resurfaced 
with  broken  stone.  Tar  and  mixtures  of 
tar  and  asphalt  were  used  with  the  re- 
surfacing stone  to  bond  it.  The  total  cost 
of  this  work  was  $17,775.05,  or  at  an  av- 
erage of  33.4  cts.  per  square  yard.  The 
easterly  roadway  from  the  junction  with 
Revere  Beach  Parkway  to  Salem  St.  and 
from  Fulton  St.  to  Forest  St.,  and  both 
roadways  of  Fellsway  East  from  Highland 
Ave.  to  Middlesex  Fells  Reservation,  a  to- 
tal length  of  about  2  miles  of  36-ft.  road- 


way and  %  mile  of  2G-ft.  roadway,  were 
surface-treated,  partly  with  a  mixture  of 
coal  tar  and  water  gas  tar,  and  partly 
with  a  mixture  of  oil  and  water  gas  tar. 
These  treatments  were  effective  in  pre- 
venting dust  and  mud,  and  in  protecting 
the  surface  of  these  roadways  during  the 
past  season.  The  work  was  done  during 
the  month  of  July,  and  the  total  cost  has 
been  $2,211.45.  This  treatment  was  used 
where  the  roadways  were  in  fairly  good 
condition,  and  at  the  time  of  the  applica- 
tion did  not  actually  need  resurfacing. 

In  the  Mystic  Valley  Parkway  the  road- 
ways from  High  St.,  Medford,  to  Main 
St.,  Winchester,  a  distance  of  about  2% 
miles,  were  surface-treated  with  a  mix- 
ture of  oil  and  water  gas  tar.  The  propor- 
tions used  were  4  bbls.  of  oil  to  6  bbls.  of 
water  gas  tar.  The  roadway  is  constructed 
with  a  gravel  surface,  and  is  36  ft.  in 
width.  The  work  was  done  in  Mav  and 
June,  at  a  total  cost  of  $1,758.34,  or  3% 
cts.  per  square  yard.  The  roadways  of  the 
balance  of  the  parkway  from  Main  St. 
to  Middlesex  Fells  Reservation,  a  distance 
of  about  %  mile,  and  which  are  construct- 
ed with  a  macadam  surface,  were  treated 
with  a  mi.xture  of  coal  tar  and  water  gas 
tar.  This  work  W'as  done  in  June,  about 
9,500  sq.  yds.  were  treated,  and  the  total 
cost  was  $462.04,  or  4  8-10  cts.  per  sq.  yd. 

In  the  Middlesex  Fells  Reservation  Pond 
St.  and  Woodland  Road,  a  total  length  of 
about  1%  miles  of  roadway  were  recon- 
structed with  a  broken-stone  base  and 
gravel  surface.  .A  heavy  asphalt  oil  was 
combined  with  the  gravel  surfacing  mate- 
ial.  The  work  was  done  by  the  reservation 
forces,  and  at  a  total  cost  of  $9,211.  Hem- 
lock Pool  Road,  a  total  length  of  about 
4-5  mile  of  a  mile,  was  reconstructed  with 
a  gravel  surface.  This  work  was  also  done 
bv  the  reservation  forces,  at  a  total  cost 
of  $948.00.  The  surfaces  of  Main  St.  and 
Forest  St.,  from  South  St.,  Stoneham,  to 
the  junction  with  Fellsway  West,  Medford, 
a  total  distance  of  about  2%  miles,  was 
treated  with  mixtures  of  coal  tar  and  wa- 
ter gas  tar,  and  oil  and  water  gas  tar.  One 
application  was  made,  and  some  slight 
patching  has  been  done  during  the  latter 
part  of  the  season.  The  results  were  quite 
satisfactory  in  preventing  dust  and  pro- 
tecting the  roadway  surfaces  for  most  of 
the   year. 

In  the  Revere  Beach  Reservation  the 
roadway  surfaces  which  were  treated  in 
1907  partly  with  "'tarvia"  and  partly  with 
"asphaltoilene"  were  maintained  in  satis- 
factory condition  during  1908  by  patching 
and   a  small  amount  of   re-treatment.    The 


northerly  portion  of  the  drive  nearest  the 
Northern  Circle,  about  2-3  of  a  mile  in 
length,  which  was  not  treated  in  1907  was 
given  an  application  of  "liquid  asphalt," 
making  the  treated  surface  complete  the 
whole  length  of  the  reservation  drive. 


During  April  the  progress  on  the  Gunni- 
son Tunnel  of  the  Colorado,  Uncompahgre 
project  was  130  ft.  in  the  east  heading  and 
350  ft.  in  the  west  heading.  The  advance 
in  the  east  heading  was  through  unstable 
ground,  requiring  timbering  in  most  places. 
The  material  encountered  in  the  west  head- 
ing was  dry,  hard  granite.  During  the 
month  concrete  lining  has  been  placed  in 
1,000  lin.  ft.  of  tunnel.  The  tunnel  at  the 
end  of  April  was  77.6  per  cent  completed. 

The  eleven  Lidgerwood  unloaders  in  the 
central  division  of  the  Panama  Canal,  dur- 
ing the  month  of  March,  unloaded  a  total 
of  3,332  trains  composed  of  a  total  of  58,309 
cars.  Of  this  number,  1,613  trains  com- 
posed of  27.421  cars  were  unloaded  by  five 
unloaders  at  Tabernilla;  758  trains  com- 
posed of  13,590  cars  were  unloaded  by 
three  unloaders  at  Miraflores  dumps,  and 
961  trains,  composed  of  17,298  cars,  were 
unloaded  by  three  unloaders  at  La  Boca. 
As  all  the  cars  were  of  20-yard  capacity, 
the  material  unloaded  represented  about 
1.166,180  cubic  yards. 


The  seven  track  shifting  machines  in  the 
central  division  of  the  Panama  Canal 
moved  a  total  of  713,133  feet,  or  135  miles 
of  track  during  March.  In  the  Tabernilla 
district  track  shifter  No.  5  moved  227.095 
feet,  and  No.  6  moved  140,463  feet,  a  total 
of  367,558  feet,  or  69.6  miles,  for  the  dis- 
trict. In  the  Bas  Obispo  district  shifter 
No.  1  moved  71,017  feet,  and  shifter  No.  7 
moved  118,099  feet,  a  total  of  189,116  feet, 
or  35.8  miles.  In  the  Pedro  Miguel  dis- 
trict shifter  No.  8  moved  69,429  feet;  shift- 
er No.  2  moved  50,808  feet,  and  shifter 
No.  9  moved  36,222  feet,  a  total  of  156,- 
459  feet,  or  29.6  miles. 


Work  is  well  advanced  on  the  lining  of 
the  earth  section  of  Miraflores  tunnel,  and 
there  is  no  doubt  that  the  concrete  will  be 
in  place  before  the  beginning  of  the  rainy 
season.  The  rock  section  has  been  entirely 
lined,  and  the  south  portal  has  been  ex- 
tended so  as  to  hold  any  material  that  may 
^lide  down  that  side  of  the  hill.  .\s  orig- 
inally cut  the  tunnel  was  600  ft.  long  and  it 
is  now  811  ft.  long.  The  greater  part  of 
the  additional  211  ft.  representing  the  ex- 
tension was  made  to  hold  the  slide. 


SUMM.^Ry    OF    COST   OF    RO.^U   REP  .MRS    AND    M.MNTENANCE.     1908.- 


Length 
Parliwayor  reservation.  (feet). 

Blue    Hills    Parkway 15.200 

Middlesex    Fells    Parkway     7.."il0 

Middlesex    Fells    Parkway 10..i3.T 

Middlesex    Fells    Parkway 2.740 

Revere     Beach     Parkway 3,300 

Revere    Beach    Parkway 2,040 

Revere    Beach    Parkway 2,550 

Mystic   Valley   Parkway ..,12,692 

Mystic    Valley    Parkway 2,415 

Neponset    River    Parkway 2,780 

Lynn  Shore  and  Nahant  Beach  Drive  7,180 

Revere    Beach     Reservation 3.519 

Namasket     Beach     Reservation 3,760 

Middlesex     Fells     Reservation 7,S60 

Middlesex    Fells    Reservation 3.010 

Middlesex   Fells  Reservation    6,170 

Middlesex     Fells    Reservation 995 

Revere   Beach   Parkway...':... 21,520 

Lynnway    2.365 

Revere    Beach    Reservation 2,481 

Revere    Beach    Reservation 4.400 

Middlesex    Fells   Parkway 15,800 


Cost 

Per    Sqi 

uare    Yard    in    De 

Width  of 

Broken 

roadwav 

Square 

Labor 

stone 

(feet). 

yards 

(cents) 

(cents) 

SURFACE     TREATMENT. 

26-36 

46,815 

3/5 

30-40 

28.500 

1  8/10 

1 

26-36 

42.178 

26-36 

S.5S1 

36 

13.767 

1/10 

26-36 

6,020 

36 

10.150 

1 

36 

52,893 

40 

9.521 

26 

8,034 

1/5 

40 

34,817 

% 

40 

13.260 

2% 

6  1/10 

40 

24.935 

% 

18 

15,961 

22 

7,686 

% 

RECONSTRUCTION. 

IS 

12,340 

10% 

20^4 

18 

1,990 

10% 

20% 

RE-TREATMENT. 

22-36 

92.124 

H4 

1  4/10 

40 

10,510 

1  1/10 

1  9/10 

40 

9.372 

40 

16.620 

1  7/10 

1  6/10 

RESURFACINn. 

K-40 

58.061 

8% 

11  2/10 

METROPOl 
ail. 

ITAN 

PARK    COMMISSION. 

Sand 

Gravi 

Pi 

Bituminous  binder. 

Cost  Tot.  cost 

cents) 

(cents.     Kind    of    material. 

(cts.)   'cts.) 

Asphaltoilene 

6             6  3/5 

Tar    and    asphalt 

2  6/10  5  4/10 

% 

Rotar 

4  2/10  41,4 

H 

Tarine 

3%         3% 

2/10 

Tarine 
Liquid  asphalt 

3>4         3^2 
6             6 

'A 

Liquid    asphalt 
Tarine 

6             7I2 
314        3H 

3/16 

Rotar 

Tarine 

Cal.     chloride 

Liquid    asphalt 

Cal.     chloride 

Tarine 

m          4  S/10 
414          4% 
1  6/10  2 
G             9  1/10 
2Vi         3 
3              3 

2/id 

Rotar 

5  6/10  6  1/10 

27 

1/10 

Asphalt     flux 

7              6514 

27 

I/IO 

Tarine 

Tarine 

Lifiuid    nsphalt 

Tarine 

58  V4 

1  710  414 
2 ',4         ->Vz 
3             3 

2  2/10  5ii 

Tarine   and    tar  asp.Si4 
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Unclassified  and  (jcneral  Articles 


Noic :  T hit  section  is  devoted  to  methods  and  cost  articles  on  constructien 

work  net  proporlv  lomiiijj  iinJrr  anv  of  the  pmcilirn;  cla>^itii..ili<iaH. 


Methods   and   Cost  of  Making   3,000 

Miles  of  Preliminary  and  Location 

Surveys  for  a    Railway.* 

Thr  folluwing  paper  i>  not  a  tliroretical 
di-<-u-»ioii  of  railroad  location.  It  is  in- 
tendrd  to  give  a  general  description  of 
some  extensive  railroad  surveys,  a  brief 
outline  of  methods  and  results,  and  the  cost 
per  mile  The  writer  dors  not  remember 
ha\inj!  seen  a  similar  statement  covering 
..  .„  ,.,s  miles,  viz..  I,40«)  miles  of  pre- 
lines  and  iV*^  miles  of  ItKation: 
'rfore  trusts  the  paper  may  prove 
01     value.      The    surveys    were    complete*! 


parly    could     frc<juently     make    its    head 
quarters   at    some    town    and    ilriv.     i.,    .,ii,I 
from    the    work,    so    that     pt 
melli(«l    served   just    as    well    .1 
camp   outfits. 

Kach  party  was  given  from  4o  to  W* 
miles  of  line  to  cover.  dcprndinR  on  local 
conditions.  The  following  abstracts  from 
the  "General  Instructions"  give  an  idea  of 
the  work  required  to  be  done  by  each 
party : 

Th<»    AMlntnnl     KnKlnef-r    will     rccclvr    In- 

filru<*ll<»>*<  '•  "^  '"   v^  t>*-ii  jiihI  \\t.<r<'   i.t .'llriilttiiry 
JlnHH  'I- 

unfit.  •!>. 

nml     II..      _ : Iti 

rcenrd  lu  thr  saiiir.     He  will  llini  b«-  trBinin- 


:lt  country  he  was  to  be  with  the  party 
•    ."nstantly. 

he  tirst  route  to  l.r  .>'. 

( .     len.    a    prcliminarv 
iiir<ui({h.    then    the    alt- 
r'!"     -ill    surveys   beini? 
'■    lines    !■ 
tit    of    a' 

r:::;  llthough     tllr     :.; 

might   give   the   grades   . 

,..,1    , ,l.|..     I...    i);,.    1,1 


mvestigaled. 

Sometimes  aD  the  preliminary  data  re- 
quired over  a  certain  route  may  be  ob- 
tained quickly  by  stadia  methods,  but  some 
sort  of  a  definite  line  is  required  from 
which  reliable  conclusions  can  be  drawn. 
Fspecially  is  this  true  in  heavily  limbered, 
hilly  country,  where  the  range  of  vision  is 
very  limited,  and  traveling  on  foot  is  ex- 
cessively wearisome,  and  unless  such  ."i 
method  is  used  some  feasible  route  is  very- 
likely   to  be   overlooked      Many   times   on 


rv 

run 

'    were 

T  :   and 

inir 

red. 

■)r 

It  was  1 

subject    .V 

'i> 


Z.M.  k  PR.R 
TOPOGRAPHY  SHEET 

RESIDENCV  N0.5 

SHEET  N0.5 
•c4L<i«»o'  na.ir-ttai 

JOHN  A.  SMITH 


COUNTy  Of  MOR0*N 
TP    or  OEERFIELO 


/jr.'S      t-c-uK.,; 

'»'.'.?  IU41.'aL« 

>  nok  J.  Wblu 


B  r  cJh  "n 


\* 


•ml 


Fig.    1 — Standard    Topography   Sheet. 


some  time  ago.  at  which  time  the  tables  of 
„,.|..,..,.   and   cost    were   prepared,   but   not 
're  published. 
.'.;.. ,iorfj  Cji-rf.— I'ield  parties  were  made 

up  as   follows : 

Monthly  Snlaf)'. 

\  r  in  ClutrB* Ills  to  ll&O 

»fi  10     KXi 

7& 


iOl     

imrt   limn 


«0 


;>  outfits  were  not  used.  Ihe  par- 
irde<l  at  houses  along  the  line  Thi-« 
:icn  a  disadvant.ig'-.  "ii  .ur.junt  01 
•V  in  getting  quarters,  cspi.i.illv  for 
■.  but,  on  the  other  hand,  the 

I  frnm  n  paper  »iy  W.  S  M<K<<I- 
.■■d  In  the  PrtMei-.llnijP  of  the 
li-lv   of  Civil    KiiKlnecrii.    p.   30». 


•Ihle  for  the  amount  and  charocler  01  the 
work  done  by  his  i>arty.  imd  for  llie  proper 
drveloimient  of  the  i-ounir>'  ovi-r  whieh  h<- 
w  >rkii 

Tiirncrrit'hv    «lll    hf    takvn   on    line*  B*   In- 

Hkrn   on    pmetlcally    ull 
1,  •  ' 

Ali<i    i.rulUuli.iiiKK  are   run,    Ihe  A«sUuint 
Kiitfli r   will   he  liiatructi'd   over  which   line 

In    I. .rill.' 

.11  will  be  nmt  i.rojected  on  to|H>«- 
m.  etc. 

■     ■■."    '        -- '    •-   "■•■•   .."III 

till- 
itl 


The  .-Xssislant  F.ngincer  wa»  not  expected 
to   spend   all    his   time   »    '  but 

to  be  with  it  enough  to  vas 

going  111)  ..    -.1.  ,  ,  .icre 

being   run  the  re 

mainder   1:    ...  '    ilmr- 

ough    study    >'  'Uf 

rouii^   1..   i.i-    '  K" 

!  «i.ik  ,tiitl  c»rre-pond 

w    and    in    particularly 


these  surveys  the  Assistant  Engineer  was 
sent  back  over  parts  of  the  line  to  hunt 
out  something  better,  quite  often  with  suc- 
cess. 

In  locating  '  ■  s,  it  was  ■ 

to    start    at    ..  ind    run 

With  a  little  '       ' 

gineer  coul<l 


the   country   here   described   lhl^ 
lion  amounts  to  about  t>  ft    prr  • 
to  0.12 
for  a    1  ■ 

on  *ir.UL:i:i    L;r-i.i.  .   u-.ivi-   tur 

de  •! 

Ii,   , .,  .       .    ...    choice  of  •"■■    ......r...iK 

equal    routes,    a    location    « 

each.  .iM'l  <  ^lilll;ll(•^  «rrr  it 

pai ' 

ing 

|o«..  on    citlitr    »iJc    iur    purp^ocs 

of  ■■..  ami  ill  order  to  determine 
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the  advisability  of  crossing  from  one  side 
to  the  other  either  to  get  a  better  line  or 
to  block  the  country  against  rivals. 

Some  branch  lines  were  located,  and 
quite  an  extent  of  line  was  located  and 
afterward  abandoned  by  reason  of  change 
of  plans,  but  at  the  conclusion  the  miles  of 


ing  usually  the  most  difficult  problem  of 
railroad  work.  What  is  meant  is  that  it  is 
necessary  to  rim  a  sufficient  number  of 
lines,  preliminary  and  location,  to  arrive 
at  correct  conclusions  and  to  get  the  requi- 
site exact  data  to  prove  the  conclusion. 
Topography,    showing    contours,    houses, 


-B.  dcJ^Jdje. 


{-A.  J'reli-minxx.r:/ 
Prq/ecteA  Jjocodion,. 
^'  JLocatiorir 
-TBeviseU'  JLocaUori'. 


:/rorrh to 

(Stoc io  Sici, 

-Date 


C?vlefJSnay 


.J^iTne  of  EnQineer". 


Profile-  of  Sevz6eol  JLocottion' 

on. 

&iibcilivisioTV  C7)/&. T)w.  .JVb 

cS'^giS' to  'StOO: 

CA-ief^njfr:  .Resident ^n^h . 

progress  Profile, 
^eiiveen.    stct Si     'S'tou 


-Divn-  JVo. ^ubdivn.^^- 


aSeci'n to . 


JDocie 


Chief  ^no/'c 


lies  iderst  ^n^'r. 


J/ote  —  Xille^  to  cc^ui  in  "upper*  2eFi-  hotnoi  cotnjsy    of  profiles. 


sary  topography  being  obtained  by  auxil- 
iary lines.  The  sheets  were  inked  in  each 
night. 

To  obtain  a  large  general  map  showing, 
all  lines,  the  lines  were  carefully  plotted 
on  tracing  cloth,  tlie  small  sheets  were 
fitted  so  as  to  make  the  center  line  on 
each  sheet  fit  the  center  line  on  the  trac- 
ing, and  then  the  topography  was  traced. 
By  this  method  any  error  in  plotting  or 
joining  the  small  sheets  was  eliminated 
from  the  large  map.  This  tracing,  from 
which  blue  prints  were  made  as  required, 
was  retained  in  the  office,  the  sheets  being 
used  for  rough  work  and  field  use. 

The  location  was  projected  in  pencil  on: 
sheets  in  the  usual  manner,  care  being 
taken  to  determine  all  angles  between  tan- 
gents by  the  calculated  courses  from  each 
sheet,  not  by  using  a  protractor,  or  by 
measuring  intersection  angles,  although 
either  might  be  used  as  a  check.  .After 
the  line  was  located  on  the  ground,  the 
location  was  accurately  tied  to  the  pre- 
liminary line  and  replotted  on  sheets ;  the 
pencil  projection  was  tlicn  erased,  if  so 
desired. 

In  staking  out  the  location,  the  aim  was 
to  get  a  profile  to  correspond  with  the  pro- 
jection, and  not  to  get  the  lines  in  ex- 
actly the  same  relative  positions  shown  by 
the  projections.  The  lines  always  varied 
more  or  less  in  their  relative  positions. 
Also,  it  was  often  found  desirable  to 
change  the  location  at  places,  giving  a  cor- 
responding change  in  the  profile;  for  in- 
stance, it  might  be  decided  in  the  field  that, 
owing  to  surface  conditions,  certain  hills 
could  be  hit  harder  or  perhaps  avoided. 
The  most  frequent  change  was  to  put  the 
line  harder  into  steep  side-hills.  When 
projecting  lines  along  such  places,  there  is 
nearly  always  a  tendency  to  fit  the  line 
too  closely  to  the  surface  and  not  to  allow 
enougli  cutting  to  put  the  roadbed  on  firm 


Fig.   2 — Standard    Titles   for   Profiles. 


line  actually  footed  up  one-third  more  (this 
is  practically  the  correct  proportion,  but  it 
varied  a  little  more  or  less  on  different 
divisions)  than  would  be  required  on  the 
entire  layout.  This  extra  location  was 
partly  for  comparison,  but  largely  for  rea- 
sons mentioned  later.  In  addition  to  this, 
many  miles  of  paper  location,  not  located 
on  ground,  were  made  for  the  same  rea- 
sons. 

It  may  appear  to  some  that  there  was 
much  unnecessary  location  and  running  of 
preliminary  lines,  but  in  rough  country 
like  this,  and  on  work  of  this  magnitude 
(in  220  miles  of  this  line  were  21  tunnels, 
the  longest  being  4,000  ft.,  five  viaducts 
from  400  to  1,000  ft.  long,  and  more  than 
100  ft.  in  height,  besides  numerous  other 
bridges),  it  is  time  and  money  well  spent 
In  no  other  way  can  the  exact  data  be  got- 
ten, and  it  leaves  no  question  as  to  the 
available  routes  and  the  grades  obtainable. 

The  locating  engineers,  or  others  on  the 
ground,  may  feel  certain  that  a  line  is  not 
feasible,  but  it  is  hard  to  furnish  proof, 
both  to  himself  and  to  others  who  are  in- 
terested, but  who  will  never  be  over  the 
ground,  that  such  is  the  case,  e.xcept  by 
map  and  profile.  Again,  an  apparently 
hopeless  line  may  show  up  much  better 
than  expected,  and  vice  versa.  In  this  the 
writer  must  not  be  misunderstood  to  mean 
that  anyone  can  get  the  best  location  if 
he  only  runs  lines  enough ;  such  is  far 
from  the  case;  lines  can  be  run  indefinitely 
without  securing  the  desired  results,  un- 
less the  proper  judgment  and  knowledge 
are  combined  with  them,   the  location  be- 


roads,  watercourses,  etc..  etc.,  was  taken 
on  practically  all  lines.  This  was  taken  on 
12xl8-in.  sheets.  The  transit  line  was  plot- 
ted each  day  on  the  requisite  number  of 
sheets ;  a  light  pencil  line,  at  right  angles 
to  the  center  line,  was  drawn  through  each 
station  for  ease  in  plotting  the  topography ; 
elevations  were  marked  at  each  station ; 
the  stations  where  contours  crossed  the 
center  line  were  determined  from  the  pro- 
file and  marked ;  connections  to  other 
sheets  were  shown,  and  then  the  sheets 
were  ready  for  field  use.  The  lines  were 
plotted  to  a  scale  of  200  ft.  to  1  in.  The 
topography  was  plotted  in  the  field.  .\  hol- 
low drawing-board,  18x24  ins.  was  used. 
The  sheet  in  use  was  tacked  to  the  board, 
and  the  additional  sheets  were  carried  in- 
side. A  strap  around  the  shoulders  of  the 
topographer  served  to  carry  the  board,  and 
formed  a  support  while  plotting  (Welling- 
ton's  method). 

This  method  was  preferred  to  any  other; 
it  is  quicker;  saves  much  copying  and  plot- 
ting; the  work  can  be  plotted  better  in  the 
field,  where  everything  can  be  seen  at  the 
time  of  plotting;  and  at  night  the  .'Kssistant 
Engineer  has  a  finished  map  to  look  over 
and  study.  The  topography  was  taken  ac- 
curately by  using  a  metallic  cloth  tape 
for  distances  and  a  hand-level  for  eleva- 
tions. Only  in  this  way  can  one  get  a  pro- 
jected location  to  correspond  closely  with 
the  actual  one.  The  topography  was  ordin- 
arily taken  for  300  ft.  on  each  side  of  the 
center  line ;  at  particularly  difficult  sum- 
mits or  similar  places  a  strip  from  1,000  to 
2,000  ft.  wide  was  often  shown,  the  neces- 
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Fig.    3 — Standard    Title    for    Field    Books. 


ground.  Owing  to  these  facts,  it  is  usually 
better  to  have  the  first  location  projected 
and  run  in  by  the  field  engineer,  who  is 
most  familiar  with  actual  conditions; 
after  that  the  revisions  and  necessary 
changes    can   be    taken    up    by    the    higher 
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nflfWrr*      Pri>jec«ion»  made  by  anyone   nor 

■;  ir  with  llic  ({roiinil  shoulil 

iliuii       Thr    bc>l    lixratiuii 

i.iiiii.u     ir  '     without     the     topo 

and  'I   hiir;   also,   it   can- 

iitiiai! -L-  ^liccts  alunc,  wilh- 

ihumUKh  ami  omiplctc  knovvli-ilKv 
of  the  character  of  llie  comiiry  ;  the  two 
must    Ik-    studied    together,    the    field    eii- 
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not  lie 
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later,    they     were    compiled    nnd    JMiied 


f<irm>   for   noto   and  jilaiis       It   was   found 

(1.    SHI    miioh   work   and   linir   in   ili>    ililii 
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Fig.  A — Standard   Form  for   Level    Notes, 
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gineer  at  all  times  corresponding  freely 
and  fully  with  the  Chief  Engineer  and  gct- 
linK  hi-,  ideas  and  instructions. 

.•\ftcr  the  first  location  had  been  made, 
it  was  studied  further  in  the  Chief  En- 
gineer's office;  if  any  changes  were  disired 
they  were  taken  up  with  the  .Assistant  En- 
gineer, usually  by  the  Assistant  Chief  En- 
gineer and  tilt  .\ssistant  luiRineer  going 
over  the  ground  together  ami  there  study- 
ing the  question.  .-Vftcr  settlement,  the 
location  was  taken  as  final  for  that  route, 
and  the  maps  and  plans  were  brought  up 
tt>  date. 

Standards. — .-Ml  curves  of  3°  or  more 
hail  spiral  approaches.  These  were  allowed 
for  in  cros>-sectioning  by  offsetting  the 
slope  stakes  the  rei|uirei|  distance.  The 
spiral  was  in  standar'l  form,  so  that,  when 
the  degree  of  curvature  was  known,  the 
offset  from  the  simple  curve  and  the  length 
of  the  spiral  were  obtained  from  tables. 
For  simplicity  and  ease,  all  records,  pro- 
files, etc.,  were  kept  on  simple  curve  data. 
When  spiral  curves  came  in  tunnels,  a 
special  plan  was  ma<le  for  each  case  -' 
ing  the  off>ets  from  the  tangent  an 
simple  curve  at  every  1"  ft.  on  the  -i.ii..;, 
the  alignment  being  kept  on  the  tangent 
and  the  simple  curve,  ami  alLwliii/  the  re- 
quired offset  in  giving  I  hi  r  the 
tunnels.  .-Ml  grades  were  i  I  0.04 
fl    per   degree   of   curvature. 

Vertical  curves  were  inserted  at  .ill  places 
when  the  change  of  graile   wa«   ■  'i 

01    ft.    in    100   ft,   a    slamlard    : 
used    in    which    the    length    of    tin     Mitn.il 
curve   varied   directly   with    the  change   of 
grade. 

The  usual  weekly  reports,  maps,  and 
profiles  were  sent  in  by  the  .-Xssisiant  En- 
gineers. Standard  forms  were  used  for 
all  notes,  maps,  profiles,  plans,  and  reports. 
The  standard  rules  were  first  i^^ueil  as 
typewritten  copies,  and  standard  forms 
were  adopte<l  from  time  to  time  as  neeiled; 


sizes,  scales,  etc.,  for  plans,  and  also  other 
information.  Therefore  they  were  not 
compelled  to  write  to  headquarters,  and 
thus  avoideil  the  delay  of  two  or  three 
clays  re«|uired  for  letters  to  go  and  come. 

.A  few  of  the  standards  used  extensively 
on   location  arc  here  shown. 

Figure  1  shows  the  standard  topography 
sheet,  the  same  form  I>eing  used  on  pre- 
liminary and  construction  lines.  .After  the 
line  was  finally  determined,  sheets  were  prc- 


Flg.  7  shows  the  standard  form  for  a  «itu- 
II  survey  f 
•I    the   stt 

-'      *     ; '  1  rv>  <1     III  I . '  I  i        :    • 

niaile     bv     llie     1 
,:  .icrs,    \     !•    v.  .r,  r 
Is,  .Am.   -  I 

retjort    ■  :       _ 
ihuMrii  by  Fig.  8. 

Coti. — The  greatest  number  of  miles  of 
preliminary   tine    run    in    one   day    by   one 
party  was  ",  and  of  location,  4V4.     The  lo- 
cation aN  ■  '     '    '    '     more  tlian   1  mile 
per    day  cpi    on    two    lines, 
where  it  ...i.......   .     •    ...Ic.     Slakes  were  set 

every  10<)  ft.  on  tangents,  and  every  •"<<•  ft. 
on  curves.  Special  pains  were  taken  with 
the  instrument  work  and  nuasiirements,  in 
order  to  avoid  the  chance  of  serious  error* 
in  the  center  line  after  construction  com- 
menced. The  speed  of  location  parties  was 
usually  limited  by  the  amount  of  clearing 
that  could  be  done,  but  the  number  of 
curves  and  the  rough  character  of  the 
ground  were  also  large  factors  in  limiting 
the  speed. 

Each  party  cost  from  $3.")  to  $-10  per  day, 
being  allowed  all  expenses  in  addition  to 
salaries. 

Tabic  I  gives  the  cost  per  mile  of  the 
completed  surveys.  It  is  to  be  noted  that 
this  is  the  total  cost,  and  includes  office 
rent,  purchase  of  instruments  and  supplies, 
general  expenses,  all  salaries,  field  ex- 
penses, and  the  preparation  of  final  maps, 
plans,  profiles,  and  estimates,  with  every- 
thing in  readiness  to  make  Contracts  for 
the  line. 

Column  7  gives  the  cost  per  mile  of 
actual  location,  including  preliminary  lines. 
Columns  3  and  A  show  that  there  were 
from  2  to  .1  miles  of  preliminary  lines  run 
for  each  mile  of  location,  except  on  one 
line.  Table  I  also  includes  .3»c2  miles  of 
check  levels,  the  cost  being  distributed 
among  the  various  accounts.  The  data  for 
the  Parkersbiirg  Bridge  and  Terminal  line 
include  surveys  and  soundings  for  the  Ohio 
River  Bridge.  The  cost  per  mile  includes 
the  topography  on  practically  all  lines,  ex- 
cept one  where  if  was  taken  only  on  the 
located   lines. 

The  cost  shown  in  Table  I  being  the  to- 
tal charge  against  engineering  from  the  in- 
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pared  showing  that  line  only,  and  the  title 
was  made  to  suit  the  construction  work 
shown. 

The  standard  titles  for  profiles  are  shown 
by  Fig.  2  and  the  standard  titles  for  field 
hooks,  by  Fig.  3.  The  standard  forms  for 
transit  and  level  tiotes  are  shown  by  Fig. 
I  and  •'.  respectively  Fig  ti  shows  the 
standard    form    for    a    location   profile,   and 


ception  of  the  project  to  the  beginning  of 
construction,  contains  a  few  items  « Ti,  I) 
might  well  be  charged  to  other 
than  location.  Instnimenis  y 
could  Ik:  a  credit ;  some  elaborate  property 
surveys  and  bridge  surveys  could  be 
charged  '  tion,  b«it   they  probably 

are  not   1  <h  to  have  much  effect 

on  the  cost  ji.  r  nnc     If  taken  into  account. 
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TABLE    I. 


Companv —  Amt.  Spent. 

(1)  (2) 

L.    K.    R.    R $25,076.83 

Z.   M.   &  P 19,812.77 

B.  &   E.   R.   R 20,466.68 

P.  B.  &  T.   R.  R 6,651.98 

B.  &  N.   R.   R 19,249.94 

Totals     $91,258.20 


-Miles  of  Surveys. — 
Preliml- 

narj-.  Location.  Total. 
(3)  (4)  (5) 

428.19  193.85  622.04 
509.03  105.23  614.26 
241.75  113.70  355.45 
84.56  38.17  122.73 
162.51       151.29       313.80 


Average     Av.  cost 
cost  per  per  mile  of 
location. 
(7) 


mile. 
(6) 
$40.31 
32.25 
57.58 
54.20 
61.34 


$129.36 
188.28 
180.00 
174.28 
127.23 


1.426.04       602.24    2,028.28       $45.00       $151.53 


they  would  reduce  the  cost.  The  cost  on 
the  Little  Kanawha  and  on  the  Burnsville 
&  Eastern  Division  was  increased  consid- 
erably owing  to  much  work  being  done  dur- 
ing a  bad  winter,  when  the  weather  was 
very  unfavorable.  The  cost  on  the  Parkers- 
burg  Bridge  &  Terminal  line  was  increased 
by  a  large  amount  of  property  surveying 
in  the  city,  and  by  the  surveys  for  the 
bridge. 

The  cost  on  all  the  West  Virginia  lines 
was   increased   by   the   immense  amount   of 


lar    data,    is    shown    by   Table    II    (to    the 
nearest  dollar),  and  is  believed  to  be  very 
close   to  the  actual  figures. 
TABLE  II. 

— Average  Cost  of  One  Mile. — 
Of  locat'n,  in- 
Of  pre-  Of       eluding  pre- 

liminarv.       location,      liminarv. 
..     $25  $  74  $99 

23  79  102 

35  105  140 

31  94  125 


Conipanv- 
L.  K.  R.  R 
Z.  M.  &  P.  R.  R. 
B.  &  E.  R.  R... 
B.  &  N.  R.  R... 


The   figures   in   Table   II   include   all   ex- 
penses, as  in  Table  I. 
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chopping  and  clearing  necessary.  When 
mountain  laurel  was  encountered,  all  the 
a.xemen  that  could  be  worked  could  not 
keep  a   location  party  moving. 

The  influence  of  the  weather  is  a  large 
item  in  the  cost  of  these  surveys ;  a  line 
run  in  the  middle  of  winter  may  easily 
cost  one-quarter  more  than  if  run  during 
more  favorable  weather. 

The  average  cost  of  one  mile  of  prelimi- 
nary or  location  survey,  determined  from 
a  detailed  study  of  the  daily  reports  of 
field  parties,  of  office  work  done,  .lad  simi- 


Table  I  shows  a  large  variation  in  the 
cost  of  surveys  on  different  divisions,  the 
cost  varying  from  $128  to  $188  per  mile, 
with  an  average  of  $151.  On  the  assump- 
tion that  lines  located  for  comparison  or 
similar  purposes  should  be  included  in  the 
average,  one-third  should  be  added  to  these 
amounts,  as  previously  noted ;  the  cost 
would  then  be  as  follows: 

Low     $171  per  mile 

Hisli    251  per  mile 

Average    202  per  mile 

Throwing  out  of  the  account  the  mileage 


of  abandoned  lines,  branch  lines,  etc.,  and 
charging  the  entire  cost   to  the  main  line, 

$91,258.20 

terminus  to  terminus,  would  give 

328 
=^278.23  per  mile,  which  would  be  rather 
expensive.  This,  however,  is  not  a  fair 
assumption,  and  should  not  be  considered, 
because  many  miles  of  lines  not  needed  to 
determine  the  main  line  were  located  for 
other  reasons  and  purposes.  Therefore,  the 
plan  of  throwing  out  only  duplications,  for 
comparisons,  as  shown  in  the  preceding 
paragraph,  gives  the  correct  average  cost 
per  mile  for  the  development  of  the  coun- 
try, including  actual  comparative  locations 
where  needed.  It  should  also  be  borne  in 
mind  that  a  large  proportion  of  this  dupli- 
cation was  necessary,  owing  to  the  laws  of 
West  Virginia,  which  require  an  actual  line, 
located  on  the  ground,  and  a  complete  map 
and  profile  of  that  line  to  be  filed  with  the 
Secretary  of  State,  and  at  the  county  seat, 
before  a  railroad  company  has  any  rights, 
of  priority  or  otherwise,  to  that  route  or 
line.  This  required  complete  locations  for 
all  proposed  branch  lines,  a  large  number 
of  which  were  located,  and  also  a  complete 
location  over  any  route  for  which  it  was 
desired  to  obtain  rights.  For  these  reasons, 
the  lilies  located  account  for  the  excess  of 
the  mileage  over  the  actual  length  of  the 
main  line. 

On  the  basis  of  Table  II,  it  may  be  as- 
sumed that,  where  the  route  has  been  pre- 
viously determined  within  such  narrow  lim- 
its that  the  preliminary  and  location  lines 
are  of  equal  length,  the  surveys  will  cost 
from  $100  to  $140  per  mile.  This  is  borne 
out  by  the  results  on  the  Buckhannon  and 
Northern  line  where  the  location  and  pre- 
liminary lines  were  practically  equal  and 
the  cost  was  $127  per  mile. 

These  two  statements  may  be  combined 
and  put  in   the  following  form : 

To  locate  one  mile,  including  an  equal 
length  of  preliminarv  lines,  cost  from 
$100    to    $140;    average $115 

To  locate  one  inile.  final  location,  in- 
cluding from  two  to  five  times  as 
great  a  length  of  preliminarv  lines, 
cost    from   $128   to    $188:   average I.51 

To  locate  one  mile,  final  location,  in- 
cluding from  two  to  five  times  as 
great-  a  length  of  preliminary  lines, 
and  one-third  of  a  mile  of  location 
for  comparison,  cost  from  $171  to  $251: 
a\'erage      -  ^'2 

A  tabulation  of  the  mileage  of  the  Buck- 
hannon and  Northern  line,  with  reference 
to  the  actual  length  of  line  to  be  built,  and 
showing  how  the  results  agree  with  the 
averages  deduced  from  Table  I,  is  as  fol- 
lows, the  Buckhannon  and  Northern  line 
being  used  because  the  conditions  there 
make  it  the  best  average  of  "all  conditions" 
encountered  on  the  various  lines. 

Total   miles   located 151.211 

Miles  of  main   line  contracted  for.   80 
.\MIes    of  main    line   not   contracted 

for    4 

Miles    of    connecting    line    located. 

but    which    may    or    mav    not    be 

built,   about    26     110.00 

Making  actual  miles 110 

Leaving      duplications,      comparisons. 

etc 41.;'.i 

110  miles  cost  $19,249.94  =  $175  per  mile. 

Results. — The  results  obtained  by  study- 
ing and  surveying  the  neighboring  country, 
will  amply  justify  the  initial  cost,  and,  with- 
out doubt,  the  final  results  will  prove  that 
it  is  cheaper  in  the  end.  A  few  thousand 
dollars  judiciously  spent  on  surveys  will 
be  more  than  made  up  for  in  construction, 
not  only  in  the  actual  cost,  but  in  a  better 
line. 

That  the  desired  results  seem  to  have 
been  obtained,  may  be  shown  briefly  as  fol- 
lows : 

1.  Easiest  grades;  0.5  per  cent  west.  1.0 
per   cent   east    (all   the   latter   in   the   25   miles 
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The   Ohio  line  1«    16   mllea   shorter    than   the 
existing  lines   between    termini. 

4.  Occupation  of  critical  points:  Another 
line  since  built,  through  the  Bumsvllle  and 
Eastern   Division    (the   Bumsvllle   A    (Casiem 


by  which   the  advantage  of  this  line  proved  paper,    and    for   permission    to    publish   the 

so  apparent— to   build    the    line  as  described.  Il  ''             .    ,„,,, 

no    <omplete    estlmaie    of   the   cheapest    pos-  "'?P'    ^""   costs. 

slble   line   In   first  cost  was  prepared,   but   a  The    writer    was    Assistant    hngineer   on 

xutnclent    number    of   estimates    were    made  the  Little   Kanawha   Division,  in  charge  of 
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The   Development  and   Use   of   Steel 

Sheet  Piling,  with  Some  Data  on 

the    Preservation    of    Steel 

Buried  in  the  Ground.* 

Considering  that  sheet  piling  has  always 
been  such  an  important  tool  and  that  so 
much  often  depends  on  its  ability  to  resist 
heavy  pressures,  it  is  indeed  remarkable 
that  no  material  improvement  was  made 
until  within  recent  times.  While  it  is  true 
that  certain  forms  of  interlocking  cast-iron 
piling  were  devised  and  tried  almost  a 
century  ago,  and  although  more  or  less  of 
this  has  been  used  since  then,  it  is  only 
within  the  last  nine  years  that  improved 
sheet-piling  has  been  produced  commer- 
cially and  that  its  application  has  become 
general. 

The  first  practical  application  of  cast-iron 
sheet  piles  seems  to  have  been  made  by 
Mr.  Mathews  in  the  construction  of  the 
north  pier  of  Birdlington  harbor  in  York- 
shire, England.  This  harbor,  like  so  many 
■on  the  coast  of  England,  is  enclosed  by 
two  stone  piers,  and  the  cast-iron  sheet- 
piling  was  used  in  the  foundation  of  the 
head  of  the  north  pier.  In  this  case,  sheet- 
piles  of  a  section  somewhat  similar  to  that 
of  the  present  United  States  piling  were 
used.  The  piles  were  21  ins.  to  2  ft.  wide 
and  about  8  to  9  ft.  long. 

Later  on,  about  the  beginning  of  1822, 
a  type  of  cast-iron  sheet-piling  was  pat- 
ented by  Mr.  Ewart.  These  piles  were  to 
be  made  about  15  ins.  wide  and  from  10  to 
15  ft.  long,  especially  for  cotferdam  work. 
This  type  of  cast-iron  piling  was  used  with 
complete  success  in  a  cofferdam  of  con- 
siderable size  in  the  River  Thames.  It 
was  also  used  to  advantage  in  piers  and 
walls  of  docks  at  Liverpool. 

The  cast-iron  piles,  patented  by  Mr. 
Ewart,  and  those  used  by  Mr.  Mathews, 
were  really  interlocking  piles  and  it  must 
be  admitted  that  some  of  the  steel  piles 
patented  in  the  last  few  years  cannot  be 
considered  as  being  improvements  on  these 
early  forms,  except  in  the  difference  in 
the  metal  used. 

In  1824,  cast-iron  sheet-piling  was  again 
used  in  the  foundations  of  the  quay  wall 
of  Downes'  wharf  near  the  London  docks. 
In  this  case  the  piles  were  not  interlock- 
ing, but  merely  overlapped  eacli  other  at 
the  joints. 

Later  on  a  work,  on  a  much  larger  scale 
than  those  mentioned  previously,  was  exe- 
cuted. This  was  the  construction  of  about 
2000  ft.  of  wharf  at  the  sea  entrance  of 
the  Norwich  and  Lowestoft  navigation,  in 
which  cast-iron  sheet  piles  of  T-shape 
without  interlock  were  used.  In  order  to 
keep  the  piles  in  alinement  a  pair  of 
wrought  iron  plates  projecting  outwardly 
was  riveted  to  each  sheet-pile  near  the  bot- 
tom, and  formed  a  sort  of  guide  which 
prevented  the  lateral  displacement  of  the 
I)iles  while  being  driven.  This  work  was 
completed  in  1832  and  it  is  interesting  to 
note  that  it  appears  to  be  the  first  time 
that  cast-iron  sheet  piling  was  driven  in 
lengths  over  15  ft.  The  piles  used  were 
.SO  ft.  long  and  it  speaks  well  for  the  qual- 
ity of  the  metal  and  the  care  taken  in 
driving  to  know  that  this  installation  was 
very  successful. 

In  1833-34  another  large  piece  of  work 
was  done  with  cast-iron  sheet-piles.  This 
was  the  construction  of  the  Brunswick 
wharf  on  the  River  Thames.  The  sheet- 
piles  were  1  in.  and  1%  ins.  thick  and  the 
weight  of  each  was  about  1700  lbs.  The 
length  of  the  wharf  was  720  ft.  and  more 
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than  900  tons  of  cast-iron  piling  was  driv- 
en. 

Wherever  this  cast-iron  piling  was  driv- 
en great  care  had  to  be  taken  in  handling 
this  material,  owing  to  its  brittleness.  The 
piles  were  generally  driven  by  keeping  the 
heads  protected  with  blocks  of  wood  to 
distribute  the  blow  of  the  ram  and  pre- 
vent the  battering  of  the  pile.  Rams 
weighing  from  300  to  1500  lbs.  were  em- 
ployed and  the  same  were  operated  with 
falls  not  exceeding  4  ft. 

In  view  of  the  apparent  success  that  at- 
tended the  use  of  cast-iron  sheet-piling,  it 
was  remarkable  that  other  forms  of  metal 
sheet-piling  were  not  devised,  especially 
such  as  could  have  been  made  from  stand- 
ard iron  shapes.  Although  it  is  known 
that  wrought-iron  sheet-piling  was  used 
later  extensively,  not  much  is  known  of 
its  actual  application  or  details.  Some  of 
it  was  formed  of  flat  boiler  plates  with 
vertical  Tees  riveted  to  them.  There  were 
no   interlocking  means  provided. 

It  seems  that  the  first  attempt  to  form 
steel  sheet-piling  from  structural  shapes 
was  made  by  a  German  inventor,  August 
Simon,  in  1893,  during  which  year  he  se- 
cured a  patent  in  the  United  States.  The 
Simon  steel  sheet-piling  was  of  the  box 
form,  that  is  to  say,  it  was  composed  of 
two  I-beams  or  channels  spaced  with  sepa- 
rators and  arranged  so  that  a  single  chan- 
nel or  I-beam  could  be  driven  in  the  two 
longitudinal  slots  left  between  the  flanges 
of  the  pair  of  beams.  It  appears  that  Mr. 
Simon  used  this  piling  in  sinking  a  num- 
ber of  shafts  in  Germanv. 

In  1901,  Mr.  George  W.  Jackson  of  Chi- 
cago patented  an  interlocking  piling  very 
similar  to  that  invented  by  August  Simon, 
which  he  used  successfully  in  the  construc- 
tion of  two  cofferdams  for  the  foundation 
of  the  Randolph  Street  Bridge  across  the 
Chicago   river. 

It  is  interesting  to  know  that  the  im- 
provement of  the  Chicago  River  may  be 
taken  as  the  main  cause  of  the  introduction 
of  steel  sheet-piling  for  cofferdams  in  deep 
water.  The  narrowness  of  the  river 
flanked  by  high  buildings  made  it  very 
difficult,  if  not  impossible,  to  drive  and 
brace  coft'erdams  of  wood-sheeting. 

The  first  installation  of  the  Jackson  pil- 
ing demonstrated  the  fact  that  some  modi- 
fication was  necessary  to  improve  on  the 
water-tightness  of  the  sheet-piling.  The 
space  between  the  double  beams  had  to  be 
packed  with  clay  in  order  to  make  this 
sheet-piling  tight.  To  overcome  this  de- 
fect, a  modification  of  this  piling  was  de- 
vised wherein  the  space  between  the  dou- 
ble channels  was  filled  with  wood  before 
the  two  beams  were  bolted  together.  This 
proved  satisfactory,  but.  at  the  same  time, 
the  cost  of  this  type  of  piling  was  ex- 
cessive. 

The  principal  defect,  however,  of  tlie 
double  beam  type  of  steel-piling  is  that  its 
weight  is  above  that  absolutely  necessary. 
It  was  to  overcome  this  objection  and,  at 
the  same  time,  to  provide  a  steel-piling  that 
would  be  watertight  without  clay  or  wood 
caidking  that  Mr.  Luther  P.  Friestedt  of 
Chicago  invented  the  interlocking  channel- 
bar  piling.  The  first  of  the  Friestedt  pil- 
ing was  driven  in  Octolier,  1902,  in  tlie 
mine  shaft  of  the  Johnson  City  &  Big 
Muddy  Coal  &  Mining  Co.  at  Johnson  City, 
111.  Since  then  the  Friestedt  piling  has 
been  used  in  increasing  quantities  until 
thousands  of  tons  are  sold  yearly.  The 
Jackson  and  Friestedt  piling  were  the  only 
two  types  of  the  fabricated  beam  forms 
that  were  ever  used  extensively  and  satis- 
factorily. 

It  was,  of  course,  soon  evident  that  a 
very  desirable  form  of  piling  would  he 
one    that    could    be    rolled    directly    in    the 


steel  mill  and  which  should  be  complete  in 
itself.  Some  shapes  were  patented  with 
this  idea  in  view,  but  this  type  of  piling 
was  not  rolled  successfully  until  a  special 
method  of  rolling  had  been  devised.  Al- 
though the  one  original  form  of  rolled 
piling  was  patented  by  Samuel  K.  Behrend, 
in  1899,  it  was  not  until  December,  1904, 
that  this  "iling  was  rolled  successfully. 
This  is  the  so-called  United  States  piling 
and  I  understand  that,  at  the  present  time, 
most  of  the  piling  sold  by  the  manufac- 
turer, who  also  controls  the  Friestedt  pat- 
ents, is  of  the  United  States  type. 

We  have  thus  far  considered  two  of  the 
principal  types  of  steel-piling  and,  as  you 
will  recollect,  one  is  made  from  structural 
shapes,  while  the  other  is  rolled  complete 
in  the  mill.  The  principal  defect  of  these 
types  is  the  limitation  in  sizes  and  weights 
that  can  be  obtained,  and  for  this  reason 
the  use  of  plates  especially  commends  it- 
self. .Although  various  forms  of  steel  pil- 
ing made  from  plates  were  patented  some 
years  ago,  no  steel-piling  of  this  type  was 
made  until  October,  190",  and  it  was  the 
first  time  driven  Nov.  16  of  that  year  at 
Berrien  Springs,  Mich.  This  piling  was 
made  from  corrugated  plates  arranged  with 
riveted  continuous  locking  clips  and  was 
of  the  form  patented  bv  Messrs.  L.  R.  Gif- 
ford  and  R.  V.  Sage' in  1904.  This  test 
demonstrated  that  the  idea  of  using  plates 
for  making  steel  piling  was  entirely  prac- 
tical and  economical  and  further  trials 
have  amply  demonstrated  the  advantage  of 
plate-piling.  It  has  been  stated  that  thin 
plate-piling  could  not  be  driven  success- 
fully without  some  form  of  follower  that 
would  go  down  with  the  sheets  and  which 
would  afterwards  be  pulled.  This,  how- 
ever, has  never  been  found  necessary  with 
corrugated  steel-piling,  and  it  will  interest 
you  to  know  that,  in  driving  piling  of  this 
type  only  %  in.  thick,  a  700-lb.  steam  ham- 
mer was  kept  striking  on  top  of  tlie  piling 
for  more  than  one  hour  at  a  time.  This 
did  not  even  make  a  perceptible  indenta- 
tion in  the  piling,  although  the  only  thing 
interposed  between  the  hammer  and  the 
piling  was  a  driving  cap  of  soft  iron.  Not 
even  a  wood  cushion   was  used. 

No  steel  piling  now  on  the  market  ful- 
fills all  the  ideal  conditions  required  of  this 
material,  but  it  appears  that  corrugated 
plate-piling  combines  more  desirable  fea- 
tures than  any  other  type.  It  may  not  be 
amiss  here  to  call  attention  to  the  principal 
requirements  of  steel  sheet-piling. 

While  a  steel  pile  is  being  driven,  it  is 
subject  to  the  conditions  of  a  column  load- 
ed at  both  ends,  one  end  load  being  the  re- 
sistance of  the  ground,  the  other  being  the 
force  of  the  hammer.  It  is  at  this  time, 
particularly,  that  the  steel  sheet-pile  is 
subject  to  its  most  severe  duty,  and  then 
stiffness  is  paramount.  In  fact,  the  greater 
the  stiffness,  the  easier  it  will  drive,  be- 
cause all  the  force  in  the  blow  of  the 
hammer  is  usefully  employed.  If  the  sheet- 
pile  has  not  the  required  stiffness  it  will 
soon  buckle  in  any  kind  of  hard  soil,  and 
tlien  most  of  the  force  in  the  blow  of  the 
hammer  is  spent  or  absorbed  in  increasing 
the  distortion  of  the  sheet-pile  and  in 
overcoming  the  resulting  friction  between 
the  contiguous  sheet-piles.  That  this  fea- 
ture of  stiffness  caimot  be  emphasized  too 
strongly  has  been  well  proved  by  numerous 
failures  of  steel-piling  formed  of  sections 
weak  in  this  respect,  whether  these  sec- 
tions are  used  alone  or  in  connection  with 
very  stiff  members. 

The  next  important  requirement  of  a 
satisfactory  steel  sheet-piling  is  that  it 
shall  form  a  wall  of  shoring  wherein  the 
members  act  in  unison,  otherwise  there  is 
a  mass  of  superfluous  metal  which  does  no 
work   and   must    l)e    supported    by   bracing. 
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'    .    ilicr    with    the    material,    soil   or    wairr 
;i   it   is   Miii|io>c<l  to  carry.     !t   is   more 

111  ■.•■•rtaiit     to     have      >trrl      ;.'i"> 

wlii>'li  I'l'k  riijKlly  locrllirr 
ilirtcli"!!  itiaii  t"  have  >citi''; 
of  fx-iiiK  drt1«-ctr<l  cither  way.  l>ci.Mti»c.  as 
a  rtilr.  ihr  otcrl  (liliiiK  li  <lri\rn  ill  straight 
lines  and  for  sharp  corners  special  sections 
are  fiece««nrv  anvway.  When  the  inter- 
IfK-kiiiK'    I  ■"    both    directions,    it    is 

almost    r  10    drive   the    individual 

pileN  ill  a  -ii.o;;,;!  line,  and  the  result  is  a 
sheet-pitini;  wall  which  hears  heavily  and 
very  unevenly  against  the  wales  or  bracing 
required  to  hold  it   up. 

However,  n^  min.r  how  much  care  is 
taken  in  its  i-  .    or  whatever  may 

l)e  the  superi'  \cellence  of  its  de- 

sign, steel  sheel-piliiig.  like  any  other  engi- 
neering material,  must  be  used  with  in- 
telliiietur  and  juilgment.  If  so  used,  steel 
shei(  piling  is,  und(^ul>tedly,  the  most  sat- 
isf.icii'fv    material    for    the  "        n    of 

fi>!iii.|,iti..iis   of  all   kinds      I  _    the 

cert     ■  •'  '•■suits,  as  well  ..-   ;..>    <>    utimy 

of  ''  .  there  is  no  better  or  cheap- 

er   !  I    constructing    column    foot- 

ings, bridge  piers,  or  the  like,  than  the 
ofKU  air  metho<l.  All  the  work  is  done 
without  discomfort  to  the  workmen  and 
inspection  is  always  easy  and  convenient. 
With  the  proper  steel  sheet-piling  used 
with  care,  the  open  air  method  can  i>e  em- 
ployeil  in  construction  work  which,  here- 
tofore, required  a  much  more  expensive 
system.  That  this  is  being  appreciated  by 
engineers  and  contractors  is  amply  demon- 
strated by  the  fact  that  steel  sheet-piling 
is  being  snecifie<l  and  used  in  increasingly 
large  quantities,  and  I  know  of  many  cases 
where  it  was  given  the  preference  after  a 
most  careful  investigation  of  other  meth- 
ods. 

Although  metallic  sheet-piling  has  al- 
ways been  made  from  steel  in  the  United 
States,  it  will  interest  you  to  know  that 
cast-iron  sheet-piling  is  still  being  used 
elsewhere.  In  the  construction  of  the 
Isna  Barrage  across  the  Nile,  the  founda- 
tions of  the  dam  were  on  wet  running  sand 
and  cast-iron  sheet-piling  was  driven  so 
as  to  enclose  completely  the  area  covered 
by  the  structure  The  piling  was  of  the 
ordinary  tongne  ami  groove  type  driven 
about  11  ft.  into  the  river  Ijed,  after  which 
the  joints  were  grouted.  It  may  be  men- 
tioned that  each  ca<tiron  pile  weighed 
3194  lbs.  and  the  \X'.>'>»  tons  of  piling  was 
used  on  the   Isna   Barrage. 

It  has  been  stated  that  steel  sheet-piling 
has  often  been  used  as  a  part  of  perma- 
nent structures,  and  the  question  natur- 
ally arises :  What  is  the  life  of  the  steel 
sheet-piling  emlieddcd  in  the  ground?  In 
order  to  be  able  {•<  fidly  answer  this  ques- 
tion, it  is  neces'-ary  t"  i'.in-.ider  the  \arious 
conditions  that  alTict  t!  ■  .1  ir  .l.ilttv  of  iron 
or    steel    in    thi^    ca»e,  lie    nature 

of    the    soil    and    the    .        .  11    of    the 

metal  itself  To  discuss  these  features 
fully  would  prolong  this  paper  beyond  rea- 
sonable time,  but  the  subject  is  of  such 
importance  as  to  ilcserve  much  more  than 
a  few  ji.  .irks. 

In  thr  ■  .  it  must  be  remembered 

that  iron  •  ,  -  ..;  will  not  corro<le  in  air 
unless  moisture  is  present,  ii^'r  will  it  cor- 
ro<le  in  water  unless  air  is  |ireseiil  Deeji 
down  in  the  grinind  thr  .mi'Mim  ••!  .or  dis- 
solved in  the  water  i-  .iliii..»t  ml  .111. 1  it  is 
only  near  the  surface  that  the  ground 
water  contains  free  air  ami  c.irlionic  iliox- 
ide  carried  down    from  the 

There   is   everv   logical   r^ 
that    steel    imbc'Meil   in   the   i;.       im      .    ■■  '•• 
in  contact   with   standing  water  will  l>c  prc- 
serveil    indehiiitily.      ll^'Wevir     •■    ;.     .i.i.rr 
ciated  that,  no  matter  h"w 
dence   may   be   in   fa\"r   of   • 


practical    eN| 
tliieiice.      It 

t. .     ......  .1    . 


■■ill    ii.'ive    greater    111- 

c  that   we  can  point 

'■eein    to   conl'irin    the 


....:.    .  1..,,..  .,i..ii  of  one  of  the 

New   York  I  ■  quite  a  numl>cr 

of  different  n   and   steel  that 

have  l>een  unearllieil  I'runi  time  to  time 
while  excavating  for  laying  gas  pipes. 
.\mong  these  are  arms  and  implements 
that  were  found  in  lower  New  York  and 
proved  to  have  lieen  iiriginallv  in  the  pos- 
^ession  of  British  soldier^  InaMiiiich  as 
the  British  troo|)s  .Nailed  away  from  New 
York  on  November  '-'•").  ITKt.  it  follows  that 
the  articles  are  now  at  least  IJ'i  years  old. 
While  pretty  well  rusted,  these  things  are 
by  no  means  entirely  destroyed  as  would 
be  expected.  .-Xs  a  matter  of  fact,  it  is 
Mieved  that  most  of  the  rusting  occurred 
liefore  the  implements  were  completely  em- 
I>edde<!,  and  it  is  obvious  that  for  some 
time  these  articles  must  have  lieen  l.ving 
very  near  the  surface,  if  not  altogether  ex- 
posed. 

I  have  also  seen  a  piece  of  gas  i>ipc  "2  ins. 
in  diameter  that  was  taken  up  after  it  had 
been  in  the  ground  for  "20  years.  This  is 
in  such  excellent  condition  that  it  is  im- 
possible to  detect  any  effect  of  corrosion. 
The  original  mill  scale  is  intact,  and,  in 
fact,  the  appearance  of  the  pipe  is  such 
that,  except  for  the  thin  coaling  of  earthly 
matter,  it  has  all  the  appearance  of  a  pipe 
fresh  from  the  mill.  It  is  the  most  re- 
markable evidence  of  the  durability  of  iron 
or  steel  embedded  in  the  ground  that  I 
have  ever  seen. 

.\t  a  meeting  of  the  Engineer's  Society  of 
Western  Pennsylvania,  held  recently,  dur- 
ing which  the  question  of  corrosion  was 
fully  disc»'ssed.  Mr.  R.  B.  Woodwonh 
made  the  following  remarks : 

"It  may  lie  Interesting  to  .state  that  I  have 
In  my  possession  a  piece  of  Iron  that  was 
put  Into  the  Mississippi  River  In  the  year 
1S63.  and  that  Is  to-<lay  In  as  Rooil  condition 
as  when  It  was  put  In.  It  was  painted  with 
some  kind  of  red  paint  which  looks  very 
much  like  red  oxide  of  Imn.  and  the  paint 
Is  Just  as  good  to-day  apparently  as  It  was 
the  day  It  was  put  In.  The  conditions  there 
must  have  been  extremely  favorable  to  Its 
|)reRervatlon.  The  water  of  tlie  Mississippi 
River  at  that  point  Is  pro)>nlily  pure  and 
the  Iron  was  burled  In  the  Mississippi  River 
silt,  sand  or  snivel  so  as  to  be  protected 
from  ex|>osure  to  atmospheric  conditions, 
and  as  a  conse<iuence  there  was  nottiln^  to 
make  corrosion." 

"I  have  also  a  theory  that  so  far  as  our 
own  rivers  arc  eoneerni'd.  although  thoy  do 
carry  a  Kreat  deal  of  free  oeld.  yet  when  the 
steel  Is  plaeed  sufllrlently  tielow  the  river 
bed  as  to  Ket  the  advanlaice  of  the  filtering 
action  of  tlie  saml  and  Kravel.  we  flo  not 
have  to  do  with  an  acid  laden  condition,  but 
rather  with  the  condition  of  practically  pun- 
water  free  from  contact  with  air.  and  I 
think  we  have  eV4ry  assurance  to  l>clleve 
that  the  life  of  steel  under  such  elrcum- 
■tanees  will  l>e  Indeilnlte.  I  was  told  l>y  the 
engineer*  who  have  charge  of  the  construc- 
tion of  the  ninek  Rock  lA>ck  at  Ruffalo.  that 
the  waters  of  the  lake  are  not  considered  In 
any  wn  us   an<l   that    »' 

nary    '  quality    In    »>. 

tlons    llin^      i>«-    «  \|iecled    to    last     t>>i     *M*y     n-«- 

•onablv  length  of  time. 


Further    ■ 
iron  anc^  m 

'in  thi    1  • 
of   Civil 


■  i    the    1 1 
led   in   tl' 


iiid 


iron   or   steel  useti   in 
ii-ntly  or  in  combina- 


ti'ii  with  ..tiitr  iiiairri.ii-  i.i-i  iiiiletinitcly 
when  in  direct  or  indirect  contact  with 
water? 

The  most  iir  to  this 

diss'ussion  waN  'ii.iited 

by  .\lr    John  I  wn 

foundation    tn^'  Mr 

O'Koiirke  stated  lli.>t . 

Iron  and  steel  used  In  foundations,  apart 
from  conditions  where  electrolysis  may  oc* 
cur.  last  Indellnllely  when  In  direct  or  In- 
direct contact  with  water,  provided  the  wa- 
ter remains  unctianged.  The  reason  for  thia 
Is   obvious.      Wii '  "     '    on 

account    of    th<  If 

this  Is  a  propr.r  'he 

amount  of  oxyt:-  -'te 

or    ground    Is    i..  ,.  ne« 

l>een  exhausted,  the  metal  remaina  unoarm- 
e<!  and   protected. 

The  writer  has  seen  many  eaaes  where 
Immersion  In  standing  water  has  be*n  a 
matter  of  years,  and  In  every  ease  the  ef- 
fect upon  the  metal  has  been  no  greater 
than  If  It  liad  stood  for  the  same  length  of 
time  In  linseed  oil.  In  one  case  liolts  on 
the  Inside  of  east-Iron  cylinders,  filled  with 
concrete,  were  exposed  to  the  salt  water 
In  the  Harlem  River  for  more  thon  thirty 
years,  and  when  removed  were  found  to  t>e 
without  rust.  In  another  case  a  pipe  waa 
Immersed  for  ten  years  In  on  artesian  well, 
the  water  In  which  had  not  been  pumped 
for  10  or  13  years,  and  no  corrosion  of  this 
Inside  pipe  had  taken  place,  the  scale  was 
still  as  fresh  as  when  the  pipe  was  new,  and 
the  tool  marks  of  the  pipe-roupling  appara- 
tus  were  still  perfectly  fresh. 

Similar    results    came    under    the    writer's 
oljservation    In   reference  to  the  condition   of 
rods  and  nails  found   In  wix>den   foundations 
where    the    surrounding    material    was     Im- 
pervious to  olr.  and  In  one  case  which  came 
under    his    observation,    at    the    time    of    the 
removal  of  the  old  elevated  railroad  columns 
in    Greenwich    street.    New    York    City,    prior 
to   m.iklnR   way   for     the     new     structure     In 
1S78.   the  bottom  part  of  these  columns  and 
the  iKjIts  In  the  masonry  were  found  Intact, 
the  corrosion  gradually  Increasing  until  near 
the  surface,   where  the  material   was  almost 
entirely     destroyed     by     rust.       This     experi- 
ence with  troth  wood  and  Iron,  where  the  re- 
newal of  the  oxygen  in  tl  ling  wa- 
ter  was  prevented,    lias   1  iily   that 
of    finding   the    material    1.......     preserved. 

so  that.  In  the  writer's  pmctlce.  he  does  not 
hesitate  to  advise  the  use  of  either  mate- 
rial under  conditions  where  a  freah  aupplT 
of  oxygen   is   excluded. 

.-Vnother  very  interesting  contribution 
was  that  of  Messrs.  Solis  and  Gn.-'Maii. 
Mexican  Engineers,  who  said 

.\s  mixed  fo>:'^  ■  ■■  -  r,t  thi.«  niinire  nre 
of  very  recent  1     it   is  not   possibl* 

to   find   history    .     ;.k   them   tliat    might 

lie  useful  In  passing  Judgment  upon  this 
subject-  On  the  other  tiand.  general  and 
nuinlsmatic  archaelogy  might  contribute 
wiine  data,  especially  the  latter,  as,  for  In- 
stance, In  the  case  of  Chinese  Iron  coin*, 
now  found  In  museums,  and  which  moy 
have  been  for  ' 
With   regard  no 

'-•—•'■' of    .: ',ow 

.  es    after    an    1  1    of 

the     Iron    ot  ■  ria, 

canal  gates,  and  many  other  objects  used  In 

the    Industries,    permanently    Immersed,    ap- 

lutrentiy   remains   well    preserved  when  aub- 

iM't    to    the   continuous    or.    at    leoat.    to   tha 

•  f  water.     In   tl  •  -le- 

to   wear  by  fri.  tter 

"   ■'     •  ■  ..     .ind. 

«-ly.  and 
•  1.    the  Il- 
lusion   ot    ihe    immorialiiy    of    the    metal    la 
pHHlueed.   which   In   reality   Is  only  perpetu- 
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ity  of  form.  In  still  waters  oxidation  is 
more  rapid,  but  it  reaches  the  interior  of 
the  metal  very  slowly,  the  first  coating  of 
oxidation  formed,  becomes  a  protecting  coat 
against  the  propagation  of  this  deteriora- 
tion, and  a  condition  of  permanent  equili- 
brium and  preservation  seems  to  become 
established.  Iron  buried  in  foundations  in- 
vaded by  water  is  subject  to  these  condi- 
tions exactly,  and  as  the  mass  of  the  foun- 
dation is  strongly  compressed,  the  lack  of 
air  renewal  is  complete,  the  temperature 
low  and  uniform,  and  the  oxidating  forces 
are  paralyzed.  It  is  probable  flat  iron  in 
foundations,  under  these  conditions,  if  it  is 
not  indefinitely  preserved,  at  leas'",  its  de- 
terioration must  take  place  very  slowly;  and 
as  this  deterioration  consists  in  the  chemi- 
cal change  of  one  body  into  another,  the  re- 
sult, under  the  constant  powerful  action  of 
the  weight  of  the  building,  can  only  cause, 
in  its  turn,  a  very  gradual  settlement  of  the 
foundation,  until,  by  necessity,  a  final  set- 
tlement is  reached.  This  will  be  the  result 
even  though  the  mass  of  iron  is  finally 
changed  to  a  mass  of  oxide  of  iron,  since  it 
is  probable  that,  on  account  of  the  constant 
pressure  to  which  it  is  subjected,  hollows 
could   not   be   left   on   the   mass. 

In  conclusion  it  may  be  stated  that,  while 
there  seems  to  be  no  positive  evidence 
available  to  prove  that  iron  or  steel  em- 
bedded in  the  ground  will  last  indefinitely, 
there  is  sufficient  assurance  that  this  ma- 
terial will  be  preserved  long  enough  to 
meet  all  the  requirements  of  ordinary  con- 
struction. As  stated  by  Messrs.  Solis  & 
Guzman  in  their  communication  above  re- 
ferred to:  "The  spirit  of  the  present  epoch 
is  not  as  conservative  as  that  of  the  past, 
and  does  not  occupy  itself  with  the  indefi- 
nite conversation  of  things,  because  we 
know  better  than  those  before  could  have 
known,  that  the  exigencies  of  progress,  in 
its  continuous  necessity  for  new  adapta- 
tions, demand  less  durability  in  modern 
processes." 


can    keep    your    station    numbers    continuous 
and    avoid   a   break.     Tours   truly. 

W.   B.    EELLS. 
Mount  Gilead,  Ohio,  May  5,   1909. 


LETTERS  TO  THE  EDITORS. 


Should  the   Location  of  Long    Grade 

Lines  Always  Be  Begun  at 

the  Top? 

Sirs: — In  your  issue  of  April  21.  there  ap- 
pears an  article  that  deals  with  the  location 
of  railroads  and  gives  rules  whereby  a 
wooden  man  without  the  bump  of  location 
could   possibly   locate. 

There  is  one  of  these  rules  that  I  would 
like  to  criticise  and  In  order  to  give  my  au- 
thority for  the  criticism  will  indulge  in  a 
little  autobiography.  In  1SS4  I  was  made 
locating  engineer  on  a  piece  of  road  in  Ohio 
that  was  as  crooked  as  a  dog's  hind  leg.  My 
previous  experience  was  a  four  months'  trip 
as  transitman  twelve  years  before.  I  had  to 
get  there  and  I  did.  Since  then  I  have 
made  something  like  one  thousand  miles  of 
location  in  all  sorts  of  country  from  the  level 
plains  of  Kansas  to  the  hills  of  Southern  In- 
diana, where  a  three-tenths  grade  lies  on 
top  of  the  hills  with  deep  hollows  between. 
I  think  from  the  experience  I  have  had  that 
I  am  (.lualified  to  write  about  what  we  might 
term  Mr.  Kyle's  rule  Number  107  which  is: 
"Always  begin  long  grade  lines  at  tl:e  sum- 
mit." I  have  heard  of  this  before  and  I 
claim  it  to  be  wrong.  There  are  three  fac- 
tors to  long  grade  lines.  The  two  fills  at  the 
bottom  and  the  cut  or  timnel  at  the  top  and 
Ihe  proper  thing  to  do  is  to  run  a  close  pre- 
liminary over  the  hill  to  the  bottom  on  the 
far  side  and  probably  a  mile  or  two  farther, 
then  go  back  and  locate  and  fit  the  country 
as    closely   as    possible.      By   doing    this   you 


Catalogs  Worth  Having. 

Engineers  and  contractors  should  have 
on  file  the  latest  catalogs  of  inachines, 
tools  and  supplies  that  they  use.  In  sending 
for  catalogs  reviewed  or  advertised  in 
this  paper,  you  will  confer  a  favor  on  us 
if  you  will  write  direct  to  the  advertisers 
and  state  that  you  saw  the  catalog  men- 
tioned in  Engineering-Contr.\cting.  If 
you  are  in  the  market  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  notify 
promptly  the  leading  manufacturers. 

No.  1227.  Concrete  Block  Machines.— The 
DeArmon-McKinney   Mfg.    Co..    Piqua.    O. 

This  pamphlet  describes  the  block  machine 
made  by  the  above  named  company  and  out- 
lines the  advantages  claimed  for  it.  This 
machine  manufactures  blocks  by  the  pres- 
sure process. 

No.  122S.  Shovels. — Conneaut  Shovel  Co., 
Conneaut,  O. 

This  9-page  pamphlet  illustrates  and  de- 
scribes the  line  of  shovels,  spades  and  scoops 
made  by  the  above  named  company.  An  in- 
troduction relates  in  an  interesting  manner 
the  development  of  the  Mikkola  patent  or 
Rinberg  shovels  and  explains  their  special 
features. 

No.  1229.  Coal  and  Ore  Handling  Machin- 
ery  C.    W.    Hunt    Co.,    45    Broadway,    New 

York,  N.   T. 

This  catalog  of  86  pages  describes  the  vari- 
ous forms  of  coal  and  ore  handling  machines 
and  plants  sold  by  this  well  known  concei'n. 

No.  1230.  Steel  Centers  for  Large  Sewers. 
— Blaw  Collapsible  Steel  Centering  Co.. 
Pittsburg,  Pa. 

Illustrates  and  describes  briefly  the  con- 
struction of  Blaw  centers  used  in  several 
large  sewers,  one  of  25  ft.  arch  span. 

No.  1231.  Air  Compressors.— Thos.  H.  Dal- 
lett  Co.,   Philadelphia.    Pa. 

This  24-page  pamphlet  describes  in  some 
detail  the  construction  of  the  Dallett  air  com- 
pressor. Each  part  of  the  machine  is  sep- 
arately illustrated  and  there  are  also  a  num- 
ber of  tables  showing  sizes,  capacities,  etc., 
of  tile  various  compressors  made  by  the 
company. 

No.  1232.  Cement  Sidewalk  Construction. 
— Vulcanite  Portland  Cement  Co..  Land  Title 
Bldg.,   Philadelphia,   Pa. 

This  little  pamphlet,  written  by  Albert 
Mo>er,  is  a  short  treatise  on  materials  and 
methods  to  be  employed  in  the  construction 
of  cement  sidewalks.  There  are  29  pages  of 
text  and  a  number  of  useful  tables.  Alto- 
gether the  pamphlet  contains  a  large  amount 
of  valuable  information  and  should  be  se- 
cured by  contractors  having  sidewalk  work 
to  do 

No.  1233.  Browning  Excavating  Machinery. 
— Browning  Engineering  Co.,   Cleveland,   O. 

In  a  series  of  five  handsomely  printed  pam- 
phlets the  above  named  company  describes 
briefly  and  illustrates  by  means  of  half- 
tones and  line  drawings  a  number  of  its 
more  important  excavating  machines.  The 
machines  described  are  locomotive  cranes, 
railway'  ditchers,  scrapers,  bucket  excavators, 
steam  shovels  and  automatic  buckets. 

No.  1234.  Centrifugal  Pumps. — Alberger 
Pump  Co.,  New  York,  N.  Y. 

This  Is  a  very  good  descriptive  catalog  of 
the  volute  centrifugal  pump  made  by  the 
above  named  company.  There  are  40  pages 
of  text  and  illustrations.     The  pamphlet  dis- 


cusses the  development  and  theory  of  cen- 
trifugal pumps  and  then  describes  tile  design 
and  construction  of  volute  centrifugal  pumps 
in  detail.  There  is  in  addition  a  large  amount 
of  information  regarding  the  use  of  this  type 
of  pump  for  various  liinds  of  service. 

No.  1233.  Coal  and  Ore  Handling  Machin- 
ery.— C.  W.  Hunt  Co.,  West  New  Brighton, 
N.   Y. 

The  reputation  of  this  company  for  Its  line 
of  coal  and  ore  handling  macliinery  is  so 
well  known  that  the  character  of  the  ma- 
chines described  in  this  pamphlet  needs  no 
detailed  explanation.  The  pamphlet,  which 
has  86  pages  of  text  and  illustrations,  covers 
about  every  kind  of  machine  and  device 
made  by  the  company  for  handling  ore  and 
coal.  The  pamphlet  is  accompanied  by  a 
very   useful  little   metric  con\-ersion   table. 

No.  1236.  Pelton  Water  Wheels.— The  Pel- 
ton   Water  Wheel  Co..   New   York.   N.    Y. 

This  is  a  116-page  pamphlet  notable  for  the 
excellent  manner  in  which  it  has  been  pre- 
pared as  well  as  for  its  contents.  Pelton 
Water  Wheels  are  described  in  great  detail 
and  numerous  tables  are  given  of  their  ca- 
pacity, dimensions,  etc.  In  addition  tiiere  are 
tables  on  loss  of  head  in  pipe  by  friction,  on 
weir  measurement,  on  flow  in  flumes  and 
ditches,  on  riveted  hydraulic  pipe,  etc.  The 
feature  which  will  interest  many  engineers 
is  a  standard  set  of  specifications  covering 
one  complete  unit  of  a  Pelton  wheel  power 
plant. 

No.  1237.  Quick  Unloading  Car  Chute.— 
Southern  Foundry  Co.,   Owensboro.  Ky. 

This  pamphlet  illustrates  and  describes  a 
chute  whicli  is  intended  to  be  attached  to 
the  sides  of  cars  which  contain  coal,  cruslied 
stone,  gravel  or  similar  material.  The  chute 
is  filled  by  shoveling  from  the  car  and  then 
the  contents  are  dumped  into  a  wagon,  a 
full  wagon  load  at  a  time.  This  device  has 
been  very  successfully  used  and  will  interest 
contractors  who  have  material  to  unload 
from  cars   into  wagons. 

No.  123S.  Road  Plows.— The  Vulcan  Plow 
Co.,    EvansvlUe.   Ind. 

The  plow  described  in  this  pamphlet  is  no- 
table for  its  light  weight,  accompanied  by 
great  strength.  The  strength  is  gained  by 
a  special  method  of  trussing  tlie  plow  beam. 
Contractors  will  be  interested  in  the  claims 
made  by  the  manufacturers. 

No.  1239.  Mixing  and  Placing  Concrete.— 
United  Kansas  Portland  Cement  Co..  Suite 
811,  Commerce  Bldg..  Kansas  City.  Mo. 

This  pamphlet  is  a  reprint  of  a  paper  by 
Messrs.  Wilson  and  Gayiord  on  "How  to  Mix 
Concrete."  which  was  published  by  the 
American  Association  of  Portland  Cement 
Manufacturers.  The  paper  describes  an  eco- 
nomical method  of  mixing  concrete  by  hand, 
going  into  every  detail  of  the  work  and  giv- 
ing many  useful  tables. 

No.  1240.  How  to  Construct  and  Preserve 
Macadam  Roads  and  Prevent  Dust. — Barrett 
Mfg.   Co..  New  York,   N.   Y. 

This  pamphlet  contains  some  of  the  most 
attractive  views  of  improved  roads  which  we 
have  ever  seen.  The  text  describes  the  de- 
velopment and  character  of  the  special  road 
oil  known  as  Tarvia.  The  various  qualities 
of  this  oil  are  described  and  the  method  of 
applying  it  is  explained.  Testimonials  are 
given  from  a  number  of  municipalities  wliich 
have  used  Tarvia  in  improving  their  mac- 
adam roads  and  there  is  also  a  large  amount 
of  general  information  regarding  oiled  road 
construction. 

No.  1241.  Engineers  Instruments  and 
Drafting  Materials.- Technical  Supply  Co..  46 
E.    14th   St..   Union  Square.  New  York,  N.  T. 

This  3U0-page  catalog  gives  a  complete  line 
of  engineers'  and  surveyors'  instruments  and 
of  tools,  materials  and  appliances  used  in 
drawing-offices. 
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The  Foundations  ot  Keinforced  Con- 
crete Arches. 
Tlic  safety  of  an  arch  i»  the  solidity  of 
its  foundations.  This  statcmrnl  is  not  al- 
together true  hut  it  is  of  such  erneral 
truth  lh.1t  wc  may  let  it  p.Tts. 
of   stone  arches   seldum    fail   in 


iiiK  the  vital  importance  to  such  arches  of 
their  foundations.  Wc  do  not  say  that 
■•lone  arches  have  not  failed  because  of 
insecure  foundations,  there  have  been 
numbers  of  such  failures,  but  usually  lie- 
cause  of  faulty  ronslruclion  individually 
or  of  misjudKnieni  and  seldom  because  of 
failure  to  appreciate  their  supreme  impor- 
tance Is  iliis  true  also  of  concrete  and 
reinforced  concrete  arch  work?  Wc  have 
'ometimes  thought  that  it  was  not.  At 
any  rate  the  mailer  is  not  unworthy  of 
ihouKhl. 

The  stone  arch  never  occupied  the  posi- 
tion that  the  concrete  arch  lias  come  to 
occupy.  It  was  never  Iniilt  in  competition 
with  sleel  or  wood,  .\fter  the  advent  of 
the  steel  bridge  it  was  never  built  at  all 
except  when  a  monumental  structure  was 
wanted  or  when  the  maximum  in  solidity 
and  durability  coulil  be  afforded.  To  the 
last  class  belouRS  the  <^tonc  arch  bridge 
work  done  by  the  Pennsylvania  R.  R.  in 
years  past  and  to  the  first  class  bclonR  the 
Cabin  John  jXrch,  the  famous  High  Bridge 
at  \cw  York  City  and  numerous  other 
street  and  park  bridges  here  and  in  Eu- 
rope. The  building  of  a  stone  arch  under 
these  conditions  was  the  result  of  deliber- 
ate thought.  It  was  not  undertaken  unless 
the  conditions  voiced  a  demand  for  its  su- 
perior beauty  and  permanence  so  compel- 
ling that  the  matter  of  its  greater  cost  than 
-Steel  could  be  excused.  When  undertaken 
it  was  with  a  feeling  of  heavy  responsi- 
bility for  the  action  and  with  the  knowl- 
edge that  success  alone  would  justify  that 
action.  Under  such  circumstances  care 
was  natural  and  assured.  Nothing  took 
precedence  of  structural  stability  and 
soundness.  Engineers  failed  in  skill  and 
judgment  at  times,  but  selilom  did  'his 
failure  result  from  indifference  or  reck- 
lessness. 

With  the  advent  of  the  reinforced  con- 
crete arch,  conditions  changed.  The  new 
material  was,  compared  with  stone  arch 
masonry,  cheap — so  cheap  that  it  presented 
the  possibility  of  direct  competition  with 
steel  as  a  bridge  material.  Engineers  saw 
this  and  laudibly  sought  to  take  advantage 
of  it.  Out  of  the  fact  there  grew  up  also 
engiiicering  contracting  specinlisls  in  re 
inforced  concrete  work.  To  them,  in 
some  instances  at  least,  the  commercial 
value  of  the  new  material  was  its  princi- 
pal appeal.  With  them  the  question  came 
to  be  not  whether  a  reinforced  concrete 
arch  bridge  could  be  built  safely  and  so 
close  in  cost  to  a  steel  bridge  that  its  su- 
perior solidity  and  durability  and,  perhaps, 
beauty  would  carry  the  decision  in  its 
favor,  but  whether  it  might  not  lie  built 
so  cheaply  that  it  w-iibl  win  over  sleel 
in  direct  cost  c  This  is  a   fact 

and  it  has  had  r  .  e  on  reinforced 

concrete  bridge  construction  and  this  in- 
fluence has  wc  believe  not  been,  or,  at 
least,  has  not  always  been,  to  the  interests 
of  the  best  engineering  work. 

In  making  this  criticism  of  the  engineer- 


ing-contracting specialist  in  reinforced  con- 
crete wc  must  not  be  misunderstood.  The 
development  of  reinforced  coiKrcte  con- 
struction to  i'  •  rnce  it  occupies  to- 
day owes  a  :  -to  these  men  and 
firms.  This  i»  Ui  t.'uc  of  Europe  as  it  is 
of  .America.  But  we  cannot  wink  away 
the  fact  that  thev  have  taken  chances — the 
chances  that  a  salesman  takes  and  will  take 
in  competition  when  an  order  is  depending 
and  not  merely  the  chances  that  an  en- 
gineer who  has  only  the  best  engineering 
result  in  mind  will  permit  himself  to  take. 
Sometimes,  too,  we  feel  that  the  engineer 
has  not  been  any  too  conservative  in  risk- 
ing his  work,  and  that  one  of  the  places  in 
which  this  is  true  is  in  reinforced  concrete 
arch   foundation  work. 

This  is  the  point  that  wc  have  to  make. 
\ot  a  particularly  sharp  or  forcible  one 
perhaps  but  one  that  it  is  well  worth  while 
to  keep  in  mind.  Reinforced  concrete  arch 
foundations  arc  not  generally  faulty.  There 
.-.re  scores  of  arches  of  this  kind  doing 
their  work  all  over  the  land  to  stamp  any 
other  conclusion  with  folly.  But  arc  risks 
not  being  taken  in  reinforced  concrete  arch 
foundation  work  more  often  than  good 
engineering  warrants?  We  all  know  of 
some  cases  where  risks  have  been  taken. 
Wc  hear  occasionally  of  reinforced  con- 
crete arch  foundation  failures,  and  when- 
ever in  such  cases  we  study  the  details  we 
must  all  confess  that  no  such  foundation 
would  ever  have  been  risked  had  the  arches 
been  of  stone.  Doubtless  there  is  some 
warrant  for  this,  the  reinforced  concrete 
arch  is  capable  of  standing  abuse  under 
which  a  stone  arch  would  fail,  but  this 
warrant  is  not  too  great  and  we  should 
kt'ip  this  fact  in  mind. 


Cleansing  by  Fire. 

The  University  of  Illinois  is  just  now 
trying  to  get  from  the  legislature  of  its 
home  state  an  enlarged  appropriation  for 
one  of  its  departments.  There  is  nothing 
unique  in  this  fact.  Nearly  every  state 
university  in  nearly  every  state  makes  the 
same  attempt  nearly  every  time  its  state 
legislature  meets.  .\i  Illinois  this  year, 
however,  the  conventionality  of  common 
liroccdure  has  Ik-iu  upset  by  one  of  the 
trustees,  a  lady,  who  objects  to  the  appro- 
priation as  an  extravagance.  This  act  has 
caused  no  little  excitement.  Names  have 
even  been  called — in  a  dignified  manner,  of 
course.  Naturally  that  doughty  opponent 
of  higher  education.  Mr.  R.  T.  Crane,  be- 
ing a  citizen  of  Illinois,  has  l)cen  iinablo 
to  keep  off  the  firing  line.  In  an  open  let- 
ter lo  the  university  trustees  he  espouses 
the  cause  of  the  lady  who  has  taken  the 
unprecedented  action,  for  a  college  official, 
of  refusing  an  appropriation  of  mone>.  He 
upholds  her  charge  that  the  appropriation 
is  an  extravagance.  Indeed,  his  enthusi- 
asm  is   so  aroused   bv  the   smell  of  battle 

forgets 
I    of   his 
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companion  in  the  attack  by  several  vigor- 
ous bounds.  "Better,"  he  says,  "put  a 
torch  to  the  whole  outfit"  than  to  waste 
more  good  money.  To  use  the  language 
of  the  uncollegiate,  this  is  "going  some," 
even  for  Mr.  Crane. 

Mr.  Crane  is  well  known  to  our  readers 
as  a  highly  successful  manufacturer  of  sup- 
plies and  appliances  used  in  engineering 
construction.  He  has  built  up  an  industry 
in  which  he  is  wholly  justified  in  taking 
pride.  Incidentally  he  has  become  wealthy. 
He  has  done  all  this  without,  we  believe, 
a  college  education.  Of  late  years  he  has 
sought  recreation  and  surcease  from  busi- 
ness cares  by  combatting  the  somewhat 
common  belief  in  the  advantages  of  uni- 
versity training.  'His  writings  comprise 
many  articles  and  at  least  one  book.  We 
have  read  the  book  and  some  of  the  arti- 
cles— most  engineers  doubtless  have.  A 
few  engineers  have  even  written  replies  to 
them,  Mr.  Crane's  latest  writing,  noted 
above,  is  much  the  same  as  all  his  other 
writings  except,  we  think,  his  suggestion 
that  our  various  universities  be  burned 
down,  is  new.  He  finds  that  college  edu- 
cation is  unnecessary  to  success  in  com- 
mercial or  industrial  pursuits :  that  it  is 
quite  as  useless  in  engineering  work.  This 
is  not  all,  A  college  training  is  in  his 
opinion  not  only  negatively  valueless,  it  is 
positively  objectionable.  Our  boys,  he 
says,  come  away  from  college  priggishly 
contemptuous  of  men  who  work  with  their 
hands  and  too  lazy  or  too  vain  of  their 
scholarship  to  work  themselves.  He  would 
have  the  boys  now  sent  to  college  kept  at 
home  and  taught  to  work  and  help  sup- 
port their  parents.  He  would  have  the 
money  now  spent  in  supporting  colleges, 
distributed  among  the  common  schools  to 
provide  manual  training,  etc.  He  would 
have  a  great  many  other  things  which  we 
do  not  recall  distinctly,  but  all  of  which 
would  result  in  banishing  the  university 
and  the  university  professor. 

Our  call  to  combat  Mr.  Crane's  ideas  is 
not  strongly  felt  and  we  shall  suppress 
even  the  slight  impulse  to  do  so  that  we 
have.  We  can  hardly  approve,  however,  of 
any  suggestion  to  burn  our  universities.  This 
seems  like  waste.  We  do  not  now  know 
just  to  what  really  useful  purpose  they 
could  be  put,  but  someone  whose  invent- 
iveness is  unhampered  by  college  training 
should,  we  feel,  be  able  to  devise  a  sub- 
stitute for  the  scourge  of  fire.  Were  they 
more  centrally  located  they  might  be  con- 
verted into  branch  factories  for  Mr.  Crane 
and  other  captains  of  industry.  Perhaps 
they  could  be  made  into  "homes"  for  in- 
digent, college  graduates.  These  of  course 
are  mere  suggestions.  We  really  do  not 
think  mucli  of  them  ourselves,  but  offer 
them  as  the  best  that  occur  to  us  at  the 
moment.  Do  not,  we  urgently  demand, 
burn  our  universities  until  all  other  pos- 
sible means  of  finding  future  use  for  them 
have  been  conservatively  canvassed  by  Mr. 
Crane. 


Concrete  and  Reinforced  Concrete  Section 


Note: — This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  cover  the  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mixing,  transportation  and  placing;  fabrication  and  placing  of  reinforcement, 
and  form  construction  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


Representative    Railway    Practice    in 
the   Design   of  Plain    and   Rein- 
forced    Concrete     Retaining 
Walls  with  a  Discussion 
of    the    Effect    of 
Earth  Pressure.* 

The  committee  has  collected  information 
bearing  on  the  practice  of  railroad  com- 
panies in  retaining-wall  design.  Diagrams 
giving  dimensions  of  a  number  of  repre- 
sentative retaining  walls  are  included  to- 
gether with  some  description  and  com- 
ment. The  practice  of  using  arbitrary 
ratios  of  width  of  base  to  height  of  walls 
is  general.  These  ratios  are  very  variable 
and  generally  no  attemp  is  made  to  calcu- 
late the  earth  pressure  back  of  the  wall  in 
order  to  determine  the  direction  and  posi- 
tion of  the  resultant  pressure  on  the 
foundation.  The  term,  "width  of  base," 
is  used   by   some  to   designate  the  extreme 
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Fig.  1. 

width  of  the  lowest  footing  of  the  wall  and 
by  others  the  "neat  work"  a))ove  the  foot- 
ing, a  difference  in  usage  which  has  been 
the  cause  of  much  confusion. 

The  use  of  a  fixed  ratio  of  width  to 
height,  which  seems  to  be  common  prac- 
tice, leads  to  a  neglect  of  the  study  of  the 
distribution  of  the  pressure  on  the  founda- 
tion. This  is  a  question  of  great  impor- 
tance, since  it  is  well  established  that  move- 
ments from  the  original  alinement,  due  to 
unequal  settlement,  form  a  defect  more 
common  than  any  other.  The  introduction 
of  reinforced  concrete  retaining  walls  adds 
another  reason  for  requiring  an  analysis 
of  the  forces  and  pressures.  The  commit- 
tee therefore  feels  that  attention  should  be 
called  to  the  importance  of  making  a  study 
of     each     case,     and     particularly     of     the 

•Extract  from  the  report  of  the  Committee 
on  Masonry  to  the  American  Railway  En- 
gineering and  Maintenance  of  Way  Asso- 
ciation. 


amount  and  distribution  of  tlic  pressure  on 
the  bed  or  foundation. 

Xotwithstanding    the    importance    of    an 
analxtical   treatment,   the    committee   deems 


Fig.  2. 
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Fig.  3. 


it  proper  to  add  a  word  of  caution  on  the 
acceptance  of  existing  formulas,  with  the 
constants  usually  quoted,  without  further 
investigation.  There  is  a  feeling  in  some 
quarters  that   the  direction  and  amount  of 
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ihe    rciiillant    iirc>»iirc»    and    ihe   distriliu- 
lion  o(  ihc  prcSMirc  over  llic  l)c'l   :iri-  not 
well  reprcicnlcd  li\    5i>mc  of  1! 
las.     If   lhr«c   doubis   have   a  l^. 

some   of   the  promt   lelllleIK•ic^   111   rctaiii- 
inK'Wall  ile%iKH  arc  uiicn  to  i-rilicisiii      The 


J.' 


^ 


-.'^^ 


coiiibiiird    Miih    the    verikal    force    repre- 
senliiiK  the   wei|{ht  uf   the  wall   it«clf. 

H  the  aiiKJc  of  repose  of  the  earth  is  as- 
sumed as  m  to  I,  the  force  per  linear 
foot  of  wall.  represenliiiK  the  residiant  of 
the  earth  pressure  Itack  of  the  wall  acting 


f6.6'  ^  i  of  rncA 


When  Q  is  less  tlian 
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Fig.    4     (R  =  0.38). 

committee    hopes    to    present    a    fuller   dis- 
<""!'Mi   in   a   later   report   and   possibly   to 
information    on    the    pressures    de- 
■..  ;    ;  :-d. 

.Meanwhile  the  committee  submit>  the 
following  method,  which  is  widely  pub- 
lished and  frequently  used  for  determining 
the  pressures  on  the  back  and  on  the 
foundation  of  rcL-iining  walls.  It  is  based 
on  the  well-known  Rankinc  fornuilas, 
which  consider  that  the  earth  is  a  granular 
mass  with  some  as'-iimcd  or  dcter-nined 
angle  of  repose.  In  applying  this  method 
it  is  immaterial  whether  the  force  repre- 
senting the  earth  pressure  is  considered 
as  acting  directly  on  the  back  of  the  wall 
or  if  it  is  considered  as  acting  upon  a  ver- 
tical   plane    passing    through    the    extreme 
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Fig.    7     (R     -0.57). 

back  of  the  footing.  In  the  latter  case  the 
force  representing  Ihe  lateral  earth  pre.i- 
sure  must  br  combined  with  (I)  the  ver- 
tical force  representing  the  weight  of  the 
earth  prism  between  the  back  of  the  wall 
and  the  vertical  plane  consiilered,  and   (3) 


f/)gr-G>nfr 

Fig.    5    (R=0.43). 

on  the  vertical  plane  referred  to,  will  be  as 
shown  on  the  diagram  Fig.  I  for  the  case 
of  the  top  of  the  fill  level  with  the  top  of 
the  wall ;  and  diagram  Fig.  -  for  the  case 
of  the  fill  sloping  up  from  the  top  of  the 
wall  at  an  angle  of  1V4  to  1  indefinitely. 
In  all  cases  y^the  weight  of  a  cubic  foot 
of  earth,  //  being  taken  in  feet. 

If  in  addition  to  the  weight  of  earth,  the 
wall  is  to  support  a  track  load,  then  the 
earth  pressure  by  this  same  method  will  be 
that  indicated  by  the  diagram  Fig.  3. 

In  all  cases  the  prcssuc  on  the  founda- 
tion by  this  method  will  be  determined  by 
the  following  formulas : 

B 

When  Q  is  equal  to  or  greater  than  — . 


i^'h 


Pressure  ^.t   ihe  i-=<4"        ■;' >  > 
Pressure  at  the  I 
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Fig.  6   (R=0.4). 


Pressure  at   the  toe  =  - 


2P 
'30" 


Where  P  =  the  vertical  component  of 
the  resultant  pressure  on  the  base. 

fl  =  the  full  width  of  the  base  in  feet. 

O^the  distance  from  the  toe  to  where 
the  force  P  cuts  the  base. 

The  above  method  seems  to  be  as  ra- 
tional as  any  that  the  committee  can  pre- 
sent at  this  time.  The  constants  given  ap- 
ply only  to  earth  that  will  stand  on  a  IH 
to  1  slope,  and  it  must  be  borne  in  mind 
that  the  pressure  on  the  foundation  should 
never  exceed  the  safe  bearing  pressure  on 
the  material  considered. 

Means  should  always  be  provided  for 
draining  the  earth  back  of  a   wall,  other- 
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Fig.  9(R  =0.46). 

wise  the  wall  will  lie  subjected  to  hydro- 

stn" ■^  Itich  will  greatly  increase 

th 

I  f'T  a  wall  should  -ilwav- 

be  placed  bri  L'sually  a  w.." 

signe<l  to  ri-  rning  will  be  -• 


412 


ENGINEERING-CONTRACTING 


Vol.  XXXI.     No.  21. 


A^yV 


< —   S'd" ^ 

jf^n^'r-  Contr 
Fig.    10    (R  =  0.43). 


Fig.    13    (R=0.65). 


Fig.    14    (R  =  0.44). 
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Fig.    15    (R  =  0.46). 
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Fig.    16    (R=0.43). 
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Fig.   17    (R  =0.625). 
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a^in^t   «Ii<linR  nn   it*  foundation,   but   thij 

ttcntion. 

r,    Cliin- 
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Fig.    19    (R  =  0.43). 

earth  in  front  of  the  wall,  must  he  greater 
than  the  horizontal  thrust  of  the  earth 
hack  of  the  wall,  in  order  to  prevent  slid- 
ing of  the  wall  on  its  foundation. 


£'/?^r-  Con/r 
Fig.  22. 

A  brief  review  of  some  of  the  wall  sec- 

'■ ' '   '      '    :iltec   follows. 

re  shown,  all 

-.-  ratio  of  the 

base  to  height  (k)  m  given  under  each  fig- 
ure. 

Fitfiire  4  illustrates  a  type  of  wall  hav- 
ing considerable  batter  on  the   face  and   a 
'■     vertical    back.     .XpplyiiiK    the    earth 
r    /•    on   the    back    of    this    wall    (as 
Kuril  in  Fii{.  i  for  earth  level  with  the  top 
of  the  wall),  the   restiliant  will   fall  inside 
of  the  niid'Hc  third  of  tlir  I.-.-      If.  how- 
ever, the   wall   supports.  !  a  sur- 
charge  load  equal  to  In  t'                  ^  is  con- 
sidered  (as  Kivin  in   \-\v,    •!>,  the  resultant 
will    pass    alninst    exactly   through    the    toe 
■I  the  wall. 
Figures  5  to  9,  inclusive,  are  crots-sec- 
of  waIN  retainins  tr-i  '      '       ••   •    ,-rn- 
■ncnts.     .Several    •■t  ive 

^i.iii    considi  rabli-   t'      ' n-.it 

at  the  top.     The  sc  ■  7  and  8  are 

reported   as   not    b;i'.  •  d   <>ut ;    Fig 

9  has  moved  out  2V»   ins  .    Fig    •'>,  4  iru., 
and   Fig.   6.   11   in*.     In  all   of  these  cases 
the    toe    prr<>.Mres    as    ilrtcrmined    by    the 
tnethods  outlined  are  very  great. 
Figures    10    and    II    represent    two    old 


walls,  both  of  which  have  tipped  forward 

several  inches,  the  lattri  "1  ins 

Figure    \i   is    a   wall  and 

was  replaced  by  the  waii   < ■  >i:..   13. 


Figure  25  is  a  crots-section  of  a  retain- 


fng'r-  COnfr 

Fig.   20    (R  =  0.47). 

The  earth  pressures  and  resultants  through 
the  bases  are  drawn  in  on  the  figures.  Fig- 
ure 13  has  not  moved.  These  walls  have 
rock  foundations. 


H*l- 


FigTires  U  and   l-'i  arc  parallel  walLs  not 

carrying  tracks.     Figure  \h  is  a  r--'  '  ' 

.sonry  wall  built  twelve  or  more 

It   has  moved  out  at   the  top  a.~      

live  inches.  Figure  H  is  of  concrete,  built 
two  years  ago,  and  rests  upon  piles.  It  liav 
shown  no  movement.  The  piling  take- 
care  of  the  heavy  pressure  under  the  toe 
of  the  wall. 

Figure  16  is  another  track  elevation  wall 
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Fig.  21. 


the  face  consists  of  a  scries  of  recessed 
panels  between  nilastcrs.  Expansion  joints 
are  provided  about  .")•>  ft.  apart.  The  wall 
is  supported  on  a  pile  foundation. 
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:^ 


414 


ENGINEERING-CONTRACTING 


Vol.  XXXI.     No.  21. 


Figures  26  to  37  are  illustrations  of  re- 
inforced concrete  cantilever  walls,  all  of 
which  have  been  huilt  within  the  last  two 
or  three  years.     Most  of  these  walls  have 


,^/^f^ 


^/i/e  iva/^ 


£/}g, 


Confr 
Fig.   26    (R  =  0.55). 


much  greater  resistance  to  overturning  and 
much  lower  earth  pressures  on  their  bases 
than  the  plain  masonry  walls  illustrated. 
They  are  designed  as  cantilever  beams, 
with  steel  bars,  to  take  the  tensile  stresses. 
The  simpler  the  shape  of  these  walls,  the 
less  expensive  the  form  work.  This 
featnre  has  been  especially  considered  in 
Figure  28.  Generally  there  will  be  found 
considerable  economy  in  this  type  of  wall 
over  plain  monolithic  walls. 

Figure  2(3   is   a   wall   built   at   Milwaukee 


^^\77/e  Drn//f. 


fngr-  Cbn/r. 


Fig.  23. 

by  the  Chicago,  Milwaukee  &  St.  Paul  Ry., 
Mr.  C.  F.  Loweth,  Engineer  and  Superin- 
tendent Bridges  and  Buildings.  It  is  1.000 
ft.  long  and  has  a  maximum  height  of  14 
ft.  above  foundation. 

Figures  27  and  28  were  designed  by  the 
Condron  &  Sinks  Co.,  Consulting  Engi- 
neers. The  former,  for  Marion  county, 
Indiana,  is  about  800  ft.  long  and  was 
built  in  1904.  The  latter  was  designed  for 
the  Union  Railway  Co.  of  Memphis.  Tenn.. 
Mr.  John  Lancaster  President  and  General 
Manager.     It  is  -500  ft.  long  and  was  built 


in  1907.  The  cost,  including  excavation, 
was  $7,527,  or  $6,118,  exclusive  of  excava- 
tion. The  cost  per  cubic  yard  of  concrete 
in   place,    including   reinforcing,   was   $8.82. 


the  fact  that  comparatively  Httle  concrete 
is  used  per  yard  of  excavation.  The  true 
comparison,  therefore,  is  between  the  con- 
crete   in    the    two.    being    for    the    retaining 
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Fig.   27    (R=0. 
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Figures  30  and  31  are  walls  of  the  Chi- 
cago track  elevation  of  the  Chicago,  Bur- 
lington &  Quincy  Railroad.  Mr.  C.  H.  Cart- 
lidge.  Bridge  Engineer.  These  walls  are  a 
compromise  between  plain  monolithic  and 
cantilever  types  of  walls.  Figure  30  is  the 
general  type  built  by  this  road,  while  Fig- 
ure 32  represents  an  unusually  high  wall, 
built  directly  on  the  property  line,  where 
there  was  no  chance  to  extend  the  footing 
in  front  of  the  wall.  These  walls  are  sup- 
ported   on    piles    closely   spaced    under    the 


■  —  /JV'---^ 
fhg'r-  Com'/: 

Fig.   :0    (R  =  0.65). 


toe  and  more  widely  apart  under  the  heel. 
Mr.  Cartlidge  writes  regarding  these  walls  : 
This  wall  (reinforced  concrete)  will  show 
an  economy  over  a  gravity  wall  of  solid  con- 
crete. The  cost  of  a  large  amount  of  work, 
including  everything,  has  been  a  little  less 
tlian  $9  per  yard.  For  the  concrete  only, 
exclusivs  of  excavation  and  piling,  $6.23  per 
yard.  Our  abutments  are  solid  concrete, 
without  any  reinforcing.  These  cost  us  per 
cubic  yard  $5.55.  including  everything.  The 
high  cost  per  yard  of  the  retaining  walls  for 
excavation   and   piling   is.   of   course,   due   to 


h^ //■£>" » 

Fig.    28    (R  =  0.56). 


walls,  as  stated  above,   $6.23  and  $5.03. 

Figure  32  was  built  bv  the  Louisville  & 
Nashville  R.  R.,  and  is  331  ¥2  ft.  long.  Fig- 
ure 33  was  built  by  the  New  York,  Ontario 
&  Western  Ry.  as  a  wing  wall  for  an  abut- 
ment. Its  height  varies  from  26  to  .3.5  ft. 
and  contains  528  cu.  yds.  of  concrete. 

Figures  84  to  37.  inclusive,  illustrate  but- 
tressed, or,  more  correctly,  counterforted 
walls  and  abutments.  This  is,  thin  curtain 
walls  braced  at  intervals  by  buttresses  or 
counterforts,    and    supported    on    a    broad 
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Fig.    31    (R  =  0.59). 

foundation  platform  on  which  the  weight 
of  the  enbankment  rests.  Hence,  here  as 
also  in  tlie  cantilever  type  of  wall,  the 
weight  of  the  embankment  itself  gives  sta- 
bility to  the  wall  against  overturning.  In 
this  type  of  wall,  because  of  the  fact  that 
it  is  but  little  heavier  per  cubic  foot  than 
the  bank  it  is  to  retain,  particular  attention 
must  be  given  to  prevent  the  wall  from 
sliding  forward   on   its   foundation.     Figure 
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34   is  a  lypical   section  of  3   wall  built   by 
the  Great  Northern  Ry. 

Figure  3%  is  a  typical  teciioii  of  a  wall 
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Fig.   33    (R  =0.59). 
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built  bv  ilic  Canadian  F'acific  Ky.  at  Mon- 
treal. This  wall  i»  X\i*^  ft.  long  anil  ya- 
rifs  in  height  fmni  "21  to  V^  fl- 


Mr.  J.  G.  Sullivan,  .\- 
neer.    slates    rcKardinR 
walls : 


:lar 


%« 

V 


Fig.    35     (R=0.6). 


Fig.   36    (R=0.49). 


With  rrsard   lu  riHit.   wo   havp   (oiind   thiil 

for    wall*    up    to    15    ft     hiKh.    from    t>o(loti) 

•  '  '  ••11    uliil).    the    rrlnfnrrrd    concr«iH> 

por  rrnl    rtinipor   ttinn  a    mono- 

i.-i.-lr. 

FiRUrc*  .'Wi  and  .'I*  arc  Section*  of  an 
rixirniotis  hi>lli>w  .">i'  »•■■-">  i.i  t'l  hi({h, 
tmilt    bv    the    .•\tl.int  &    .At- 

lanta  K    K  .  Mr    Al  <ieneral 

ManaK^r  an«l  Cliirf  lnKinrrt.  wim  writei 
reitardini;  their  walls  ;iiid  aluitiiiriUs  : 


By    Ihc  eontracl    prlcra   for   plai: 
und    rrlnforcMl    coorreir    In    abuin 
irlnlnlnK    walla,    w»    (Isurr    tlial    Ihrti-    m    a 
>iiMfii;    In    the    rrlnforcrd    wall*   of   almut    2& 
p»r  c-«-nl. 


the        

of  the  Lnilcd  St;r 

:fflO.     In   IIR'7  the  ■ 

same  iitic»   reached  a  luUi 

The    decrease    in    c"«i     in 

amounts   to   jT      -         ■    ,,r    1J.7:!   p^:    ^^m. 

The   followii'.  'iws  the  number  of 

|>ermits    issuen    :iiiii    ihe   cost    of    biiildmgs 

erected   in  each  of  the  cities : 

No.  of  prrmllii        <"o»t  of 
or  l<ull<llng>.     hulMlHKa 

All.i;lt.  ir,       IM  ....       (•)  <•) 


lii....l.l.Mi     N     V   lu  -,t,v 

HiiIThIo.    .\.    V  .'.TJik 

I'liiiilirldK*-     .Mo»ii.  '  ■'■  

t'liic-»ieo.    Ill ^',,'a\\^>*> 

I'lnrlnnall.    ilhlo.  .  S.ll'S  sss 

t"lt-v.-'..  ...1      I.I....  S.S'J«.Sf.9 

''ol'                                                          ■•  S.4IX1  273 

r>»^  3.234. 2t>0 

l'<-i'-          ■  JO.098.020 

D«-trolt.     Mlcti 10  ($2  170 

Fall  nivrr.  Max*..  1.HO.J27 

ilranti   Riipldn.    MIrl                •  \  2.1SI.759 

Ilarlfurd.    Conn..  3,107.348 

Indlnn.iiwiHs.  Ind  .'>. 895.92* 

JorKcy  city.  X.  J.  <.490.4«S 

KamuiK  City.  Kan  l,l"s  47; 

Kunmm  <  Ity.   Mo..              .  -■  1".;62  041 

I.OH    .Vniteli's.    Cal ',.i',\  9.931. 377 

IxiuImvIII)'.    Ky 2.90s  2.914.141 

Ixiwcll      .MaB,i 497  1  ni<>  n«i 

.Mfmphi.s.    Tenn...              :"/■  '-      ■■; 
.Mllwauk.-p.     Win. . 
Mlpncapullii.    Minn 

Nashvlllp.    Tenn i.jl..  1  '•i;'.<  .i.-, 

.V.-wark,    X.   J 2.419  7.161.M8 

.Niu    Haven.  Conn.              »ir>  3.091.46:1 

Xew  Orleans.  Im..  5.744  311 

Xew   York.   X.    V.  1 17.819.381 

Omaha.    Xeb |  •.in  C'.n 

Philadelphia.    Pa 1::  :i.-.:j 

Pittsburg.    Pn '4.023 

Prfvlflfnrp.  R.  I l.S«« 

Pa "  r !  IST.Tuu 

'     Va  3.169.431 

NY.  4.97S.317 

St     J..«.i.ti.   Mo C7S  1.717,723 

St.   I.oiils.   .M.. '.1.119  21.190.369 

St.    Paul.    .Minn T  i;": -.3< 

."'an   FranriHco.  Cal 6,729 

Scmntiin.    Pa 892 

.'Ji-attli-.    Wanh 7.501 

Svra<-u(*f    X.  Y.. . . 

T(.l..,l...    Ohio 

WaHhlnKion.  D.  I' 
Worcester.    Maaa ] 

Total    16S.' -:  i    .     . 

'Atlecheny  Included  In  Plttsburc,  Pa. 

The  Third  .\nnual  Cement  Show  will  be 
held  in  the  Coliseum  in  Oiicago  on  Feb- 
ruary 17  to  2.S.  1910.  These  elates  were  se- 
lected after  very  carefii'  '  •'  "  and 
in  accordance  with  the  ~  of 

a  very  larRr   mi.,  tin  , ;,   ,^1 

the  two  prc\  •..  The  show 
ihis  year  pr.\  >  that  the  lat- 
ter part  of  Felirnary  is  the  most  satisf.ic- 
lory  time  for  holding  a  cement  show.  The 
rxhibitors  al  Chicago  this  year  were  all 
highlv  pleased  with  the  date  and  nearly  all 


under    way    to    make    the    next 

even   better   than   Ihe   last,  and   11 

that   no  money  or  effort   will  be  spareci   in 

perfrctiiiR   the   arrangemei'i*       ^t    :»    rT--rtf 

nireting  of  the  execilti\ 

Illinois    Society   of    W: 

it    »         '       '    1   to   hold    I".. 

con-,  the   city   of    1 

''•■•■  ..    .i   week.    This 

idea   in   view    of    ; 

of    the    association 
lend    the    convention    to     also 
Cement  Show. 
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Earth  and  Rock  Section 


Note:  This  Section  is  devoted  to  metliods  and  costs  of  excavating  earth  and 
rock  and  building  embankments.  It  will  cover  the  grading  of  roads  and  rail- 
roads, diking  and  canal  work,  dredging,  building  reservoirs  and  earth  dams, 
sewer  and  water  pipe  trenching,  quarrying,  etc. 


Methods  of  Making  Large  Blasts  for 

Loosening    Rock    for    Use    in 

Rock  Fill  Dams  With  Some 

Results  Obtained. 

The  following  brief  accounts  of  heavy 
blasts  are  reprinted  from  "Mining  Sci- 
ence" : 

In  the  Otay  Creek  dam,  near  San  Diego, 
Cal..  the  first  blast  made  was  by  driving  a 
tunnel  50  ft.  into  the  face  of  "the  cliff  in 
lateral    drifts    18    ft.    and    20    ft.    Ion.!?,    re- 


85  ft.  back  from  the  nearly  vertical  face 
left  by  the  first  blast.  At  a  depth  of  50  ft. 
two  drifts  were  run  laterally  a  distance  of 
25  ft.  and  at  the  bottom  of  the  shaft  two 
more  drifts  30  ft.  and  35  ft.  long,  respect- 
ively, were  extended  into  the  rock  towards 
the  face  and  in  the  opposite  direction,  and 
the  four  holes  thus  prepared  were  loaded 
with  30,000  lbs.  of  powder,  of  which  the 
greater  part  was  located  in  the  bottom 
drifts.  This  blast  gave  greater  execution 
than  the  first  and  supplied  sufficient  rock 
to  complete  the  dam.  The  quarry  being 
near  the   lower   toe   of  the   dam,  the   first 
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spectively.  In  the  shorter  drift  4,000  lbs. 
of  Judson  powder  containing  5  per  cent 
nitroglycerine,  under  a  vertical  depth  of 
70  ft.,  and  in  the  larger  8,000  lbs.,  under  a 
depth  of  85  ft.,  were  exploded  simultane- 
ously, which  resulted  in  loosening  and 
throwing  out  about  50,000  to  75,000  cu.  yds. 
of  material.  The  second  large  blast  was 
perpared   by   sinking  a   shaft   115   ft.  deep. 


large  blast  filled  in  the  toe  with  large 
boulders,  some  upwards  of  50  tons  in 
weight,  and  a  subsequent  freshet  pouring 
over  and  through  these  rocks  scoured  out 
the  sand  beneath  them  so  to  settle  them 
well  to  bedrock. 

At  the  Morena  rock-fill  dam  of  the 
Southern  California  Mountain  Water  Co., 
50  miles  from  San  Diego,  large  blasts  were 


employed  in  loosening  the  rock  and  drop- 
ping it  in  place  in  the  dam.  Boulders 
weighing  hundreds  of  tons  were  thus  de- 
posited in  the  bed  of  the  canon  and  on  its 
slopes.  The  first  blast  of  100,000  lbs.  of 
powder  e.xploded  Dec.  20,  1896,  moved  75,- 
OOO  cu.  yds.  A  second,  fired  five  days  later 
with  80,000  lbs.,  did  good  execution,  and 
on  March  24,  1897,  the  explosion  of  70,000 
lbs.  loosened  lOO.OllO  tons  of  rock. 

In  building  the  Gatun  dam  on  the  Pana- 
ma canal  25  holes  were  made,  19%  tons  of 
dynamite  used  and  70,769  cu.  yds.  of  rock 
displaced. 


Cost    Keeping    Blanks  for  Dredging. 

From  time  to  time  this  journal  has  re- 
ceived letters  from  engineers  and  con- 
tractors engaged  in  dredging,  asking  for 
forms  to  keep  account  of  dredging  work 
and  also  the  cost  of  it.  Some  record  blanks 
of  this  character  were  published  in  Engi- 
NEERiNG-CoNTR.\CTiNG  for  February,  1906, 
and  in  this  issue  we  give  some  additional 
blanks. 

The  Port  of  Portland,  Ore.,  has  two 
hydraulic  dredges  at  work  deepening  and 
widening  the  cliannel  of  the  Columbia  and 
Lower  Williamette  rivers.  One  of  these 
dredges  has  a  capacity  of  8,000  cu.  yds. 
per  day  in  sand,  and  the  other  has  a  daily 
capacity  of  20,000  cu.  yds. 

The  dredges  work  under  the  direction 
of  the  chief  engineer  of  the  Port.  Mr.  J.  B. 
C.  Lockwood,  M.  .\ni.  Soc.  C.  E.,  an.d  he 
uses  the  following  forms  in  keeping  a 
record  of  the  work  done  and  in  obtaining 
the   costs. 

In  Fig.  1  is  shown  the  blank  for  the 
Icvcrman's  report.  On  this  report  the  meas- 
urements are  given  from  which  the  yardage 
dredged  can  be  calculated.  Also  a  record 
is  kept  of  passing  vessels  and  all  delays 
to  the  dredge. 

In  Fig.  2,  is  shown  the  report  of  the 
chief  engineer  of  the  dredge.  From  this 
report  the  delays  are  taken  so  that  it  can 
be  a  check  on  the  leverman's  report.  .\s 
to  causes  for  delay,  the  leverman  shows 
the  reason  for  all  causes  other  than  those 
occurring  in  the  engine  room,  the  causes 
for  the  latter  delays  being  given  on  the 
engineer's  report.  This  report  also  shows 
the  amount  of  fuel  used.  The  dredges 
for  this  work  burn  sawdust  and  shavings, 
the  quantity  being  measured  and  estimated 
in   cubic  feet. 

In  Fig.  3  is  shown  the  blank  used  for 
the  captain's  report.  The  other  reports  are 
meant  to  show  some  details  for  each  shift, 
there  being  3  shifts  of  8  hours  each,  while 
in  this  report  all  the  work  is  grouped  for 
the  24  hours.  This  report  is  evidently  made 
from  the  two  previous  blanks  and  also 
from  data  collected  by  the  captain,  or  un- 
der his  direction. 

In  Fig.  4  is  shown  the  cost  analysis  sheet, 
gotten  up  each  month  by  the  chief  engineer 
of  the  Port.  This  form  is  at  once  a  sum- 
mary and  also  an  analysis  showing  the 
cost  per  day,  the  cost  per  cubic  yard,  the 
average  time  worked  per  day,  with  average 
work  done.  This  report  is  made  up  from 
the  daily  reports  of  the  captain  and  also 
from  the  timekeepers'  sheets  or  pay  rolls. 
\Vc  regret  we  cannot  reproduce  a  copy  of 
these  forms.  In  all  cases  there  should 
be  blank  forms,  showing  the  number  of 
men  worked  on  each  shift,  their  positions 
and  rates  of  wages. 

Soecial  attention  is  also  called  to  the 
analysis  sheet,  as  this  is  a  weak  point  in 
many  cost-keeping  systems ;  that  is,  the  lack 
of  an  analysis  sheet.  From  such  a  sheet 
it  is  possible,  at  any  time,  to  learn  of  the 
efficiency  of  the  work  being  done,  and  at 
the  end  of  any  job  the  average  cost  is 
quicklv    calculated.      This    is    not    possible 
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«!iiii    ilaily   sIiccIn   <iiiI\    art-    kept.    wiiIimhi 
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iiiinilM-r    oi  daily    rcixirlr.   have   :i '    '     ' 

il   trci|iiriitlv  ha|i|uti>  that  i(  is  : 
'rhu>   the   Kf<"-''i''t    value  of  CU.-.L    — , — .. 
luiiielv.  ^lll>»llll;  the  efficiency  oi  Ihe  work 
iloiit-.  !■.  ii"t  iilitainril. 


List  of  Permissible  Explosives  Tested 
Prior  to  May   15,  iqoq.* 

A»  a  part  of  the  investiRation  of  mine 
fX[>l'-i-"-  itithori/eil  by  ConRrr-.-  in  \I  iv. 
y-  •  decitlcd    by    Ihe    S  i 

llu  that     a     careful     <-  n 

should  he  made  of  the  vari<>u>  vNpluMves 
used  in  mining  oiierations.  with  a  view  to 
delermiiiinR  the  extent  to  which  the  use  of 
such  explosives  miuht  be  responsible  for 
th.  '  •-. 

showed  the 
m  ..vi>l    tests    all 

e\  in  mines  where 

eit;.  .    ,.  blc  dust  is  pres- 

ent m  quantity  or  under  conditions  which 
are    indicative   of   danger. 

With  thi*  in  view,  a  letter  was  sent  by 
the  Director  of  the  United  States  Geolog- 
ical Survey  on  January  !1,  l!M»,  to  the  nian- 
ijacturers  of  explosives  in  the  United 
St   "  ■    !iK    forth    the   conditions   under 

w  i-xplosives  woulil  be  examined 

aiu.  ;..,  ....;.:re  of  the  tests  to  which  they 
would  be  subjected. 

Inasmuch  as  the  conditions  and  tests  dc- 
scritH-<l  in  this  Utter  were  subsequently  fol- 
lowed in  testint;  the  explosives  given  in 
the  list  Ik-Iow,  they  arc  here  reproduced  i 
follows : 

<lt  Thp  manufacturer  In  to  rurnlnh  100  lbs. 
of  ««rli  •■xptniiivp  whicli  hp  desires  to  have 
t..s  ,    to  t>o  re»pon»lblp  for  llie  eare. 

hii  :  delivery  of  this  material  at  the 

tesiiiiK  s,  ,w.n  on  the  Vnltcd  States  arsenal 
Kroumls.  FVirtleth  and  Huller  streets.  Pltls- 
l>urB.  I'll.,  at  the  time  the  explosive  Is  to  be 
tesi.><l.  and  he  Is  to  luive  a  representative 
present  durlnic  the  tests,  who  will  be  respon- 
sible for  the  liandllnK  of  the  paokages  con- 
talnlnK  the  explosives  until  they  are  opened 
for  testing. 

C)  No  one  la  to  be  present  at  or  to  par- 
tlrlpal>-  In  these  tests  except  the  necessary 
(tovernment  ofUd-rs  at  the  testInK  station, 
their  assistants,  and  the  representative  of 
the  manufacturer  of  the  explosive*  to  be 
tested. 

13)  The  tests  will  be  made  In  the  order 
of  the  receipt  of  the  applications  for  them, 
provldeil  the  n'-<iHsary  iiuantlly  of  the  ex- 
plosive Is  dellviTi'd  at  the  plant  by  the  time 
luslcnol  'i   due  notice  will    Iw   K'ven 

by   Ih.    ■  .Survey. 

(41      1-  ■  '^1    I ''■■'■   '■•   "  •■    <•■■<><"'■ 

of    expl 

lurnl    II  r 

the    market.     No    test    will    be    iiiuiie   of    any 

new  explosive  which  Is  not  now  l>elnK  mnnii- 

faetured    ami    marki-ii-d.    until    all    exr: 

now  on  the  nuirki't   that  may  be  offi  ' 

testlnE 

C.)  .\ 
tain  fu'"- 
nished  to  Ih 
he  made  pu' 
may  be  eon> 

TEST  Rfj  rxrir.-i' 

The  testa  will  i' 
the  t.'nlt'-d  Hlalin   i    ' 
at  IMttsburic.  I*a.,  In  u.is  au.l  .l;i''' 
1.     The    eharRe   of    explosive    to 
tests   1.   :   and  ?•  shall   he  ii  ipiiv. 

power   to   oneluilf   |Kiiifi<l    •  "f   4" 

per   cent    nllrojtlycerln  dyn.i ,,,  ...i,- 

Inal  wrapper,  of  Ihe  following  formula 

•Kxploslves  rirrular  No.    1,   D'  i 
the  Interior.  fnlt>-d  States  «;eolii»: 


which  pass  eer- 

lli       u  lit       I...      f,,r. 


.s 


Kitch  rliarce  shall  be  ilrcd  k  : 
fuse  <»f  suftlelent  jMiwer  to  e^sm 
ale   or    explode    the    . 
by  the  manufacturer 
111  such  condition  iliat  ti.< 
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mixture 
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sIcBl  tests  do  not  show  any  unfavorable  re- 
sults. The  explosives  In  which  the  eharse 
used  Is  less  than  lOO  in-ains  (0.2:  pound)  will 
he    welKhed    In    tlnfoll    without    the    orlslnal 

'I"-r. 

dust  usi-<i  In  lestx  U'.  .1  and  4  will  be  of 
line  deifree  of  fineness  and  taken  from 
one  mine.t 
Test  1.— Ten  »hots  with  the  charge  a*  de- 

II h  a  view  to  obtalnlnit  a  dust  of  unl- 
fi.riTi  purity  anil 


a  gaJlery  '  \ 

lure  of  I. 
m<  f 
ou- 

on 

20  ft.  of 

near  thi- 

a  manner  that  all  ur  purl  o(  It   » 

I>ende<1    In    the   first    division    of    I.        ■ 

All    '  teat   t(   all   tvu 

sh'.  e. 

'1  ■  11       f»M»i|  I*      Willi  !   ^■ 


riKMi^^iMii      t  \i'i-oslVES     TESTED     i-kihk      i 
Manufacturer. 
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vlously  noted,  in  its  original  wrapper,  shall 
be  fired,  each  with  1  lb.  of  clay  tamping  at 
a  gallery  temperature  of  77°  F..  into  40  lbs. 
of  bituminous  coal  dust.  20  lbs.  of  which  is 
to  be  distributed  uniformly  on  a  horse  placed 
in  front  of  the  cannon  and  20  lbs.  placed  on 
side  shelves  in  sections  4.  5  and  6.  An  ex- 
plosive will  pass  this  test  if  all  ten  shots  fail 
to  ignite  the  mixture. 

Test  4. — A  limit  charge  will  be  determined 
within  25  grams  by  firing  charges  in  their 
original  wrappers,  untamped.  at  a  gallery 
temperature  of  77'  F..  into  a  mixture  of  gas 
and  air  containing  4  per  cent  of  methane  and 
ethane  and  20  lbs.  of  bituminous  coal  dust,  to 
be  arranged  in  the  same  manner  as  in  test  2. 
This  limit  charge  is  to  be  repeated  five  times 
under  the  same  conditions  before  being  es- 
tablished. 

Note. — At  least  2  lbs.  of  clay  tamping  will 
be  used  with  slow-burning  explosives. 

In  response  to  the  above  communication 
applications   were   received   from    12   manu- 


similar    to    the    sample    submitted    by    the 
manufacturer   for  test. 

2.  That  double-strength  detonators  are 
used  of  not  less  strength  than  1  gram 
charge  consisting  by  weights  of  90  parts  of 
mercury  fuhninate  and  10  parts  of  potas- 
sium chlorate  (or  its  equivalent),  except 
for  the  explosive  "'Masurite  M.  L.  F.."  for 
which  the  detonator  shall  be  of  not  less 
strength  than  1%  grams  charge. 

3.  That  the  explosive,  if  in  a  frozen  con- 
dition, shall  be  thoroughly  thawed  in  a  safe 
and  suitable  manner  before  use. 

4.  That  the  amount  used  in  practice  does 
not  e.xceed  1%  lbs.  (680  grams)  properly 
tamped. 

Cost^of  Driving  Piles  by  Horse  Power. 

The  work  consisted  in  driving  piles  by 
horse-drive.  The  hammer  weighed  3,000 
lbs.,    and   was    raised    by   block   and    tackle 
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facturers   for  the  testing  of  29  explosives.  by  horses,  two  teams  being  used  alternate- 

Of  these  explosives  the  17  given  in  the  fol-  ly.     As   soon   as   the   hammer  was   tripped, 

lowing  list  have  passed  all  the  test  require-  two  men  hauled  back  the  hammer  rope  and 

ments   set    forth,   and   will   be   termed  per-  hooked   it  onto  the  second  team  while  the 

niissible  explosives.  first  was  returning. 

Subject  to  the  conditions  named  below,  a  The  contract  price  was  25  cts.  per  foot, 
permissible  explosive  is  defined  as  an  ex-  delivered  and  driven,  and  a  gang  averaged 
plosive  which  has  passed  gas  and  dust  gal-  about  360  lin.  ft.  of  pile  driven  per  10-hour 
lery  tests  Nos.  1.  2  and  3  as  described  day.  using  a  gang  of  a  foreman,  five  labor- 
above,  and  of  which  in  test  No.  4  1%  lbs.  ers  and  two  teams.         The  cost  was: — 

(680  grams)  of  the  explosive  has  been  fired      pjvc   laborers   at    $1.75 $8.75 

into    the    mixture    there    described    without       One     foreman 3.50 

causing   an   ignition.  Two  teams   (and  driver)  at  $5 lO.no 

Provided-  Rent    of  pile     driver 3.00 

1.  That    the   explosive    is   in   all    respects  Total      $25.23 


Therefore,  ^liM  lin.  ft.  cost  $2-5.2.j,  or  7.01 
cts.  per  lin.  ft. 

In  driving  piles  for  a  roundhouse  two 
drivers  were  employed.  For  the  first,  a 
team  of  horses  was  used  to  lift  the  ham- 
mer, which  was  tripped  by  hand.  A  gang 
of  four  men,  one  team  and  a  foreman 
averaged  twelve  2.5-ft.  piles  per  day.  The 
piles  were  in  groups  of  six,  each  group 
being  20  ft.  apart,  so  that  some  time  was 
consumed  in  moving  the  driver.  The  dis- 
tribution was  as  follows : 

One     team $5.00 

One    man    tripping 2.00 

Two  men    s^uidin.?     pile 3.50 

One  man  pointing  pile   1.75 

Two   laborers   at    $1.75 3.50 

One      foreman 3.50 

Total      $19.25 

That  is,  300  ft.  cost  $19.2.5,  or  6.4  cts.  per 
lin.  ft.  for  driving. 

On  another  piece  of  the  same  work  one 
horse  with  a  capstan  was  used  for  raising 
the  hammer,  which  weighed  1,800  lbs.  Here 
the  driving  was  for  the  walls,  the  piles 
bein.g  2  ft.  on  centres,  so  that  little  time 
was  wasted  in  moving  the  driver.  In  this 
case  the  cost  was  as  follows : 

One    single    team $3.50 

Four  laborers  at   $1.75 7.00 

One     foreman 3.50 

Total       $14.00 

Thev  averaged  seven  25-ft.  piles  per  day; 
that  is,  175  feet  at  $15,  or  8  cts.  per  lin.  ft. 
for  driving. 

We  are  indebted  to  the  "Canadian  Engi- 
neer" for  this  information. 


A  commission  has  been  appointed  by 
Governor  Fort  of  New  Jersey  to  make  a 
valuation  of  the  railway  and  canal  property 
of  that  state.  The  resolution  adopted  by 
the  state  legislature  first  recite?  that  no 
"new  and  complete  inventory  of  railroad 
and  canal  property"  has  been  made  since 
1886,  and  that  it  is  desirable  to  have  such 
an  inventory  for  the  "use  of  the  people  of 
the  state,  the  legislature,  the  state  board  of 
assessors  and  the  state  board  for  the  equali- 
zation of  taxes."  Accordingly,  the  gover- 
nor is  authorized,  subiect  to  the  approval 
of  the  senate,  to  appoint  three  persons,  at 
least  two  of  whom  shall  be  experts,  to  value 
all  the  railroad  and  canal  property  in  the 
state,  and  submit  an  inventory  of  the  same. 
Franchises  are  to  be  valued  separately.  The 
work  will  be  done  under  the  .general  direc- 
tion of  the  governor  and  on  lines  laid  down 
by  him.  The  work  is  to  be  completed  and 
the  report  submitted  to  the  governor  by 
Sept.  1.  1909,  and  tlie  report  must  be  made 
public  and  be  submitted  to  the  Legislature 
of  1910.  The  compensation  of  the  commis- 
sioners, aside  from  reasonable  expenses,  is 
to  be  fixed  by  the  governor.  The  commis- 
sion consists  of  Messrs.  Samuel  Whinery. 
M.  .A.!!!.  Soc.  C.  E.,  who  resides  at  East 
Orange:  Charles  Hansel.  M.  h.m.  Soc.  C. 
.E.,  of  Cranford.  and  Frank  Stevens,  of 
Jersey   City. 


A  street  car  track  in  which  the  rails  are 
fastened  by  clips  to  steel  I-beam  cross-ties. 
3  in.  high  and  G  ft.  long,  spaced  about  6  ft. 
or  8  ft.  apart,  is  described  in  the  report  of 
T.  S.  Oxholm,  Principal  Assistant  Engi- 
neer, Richmond  Borough.  New  York. 
These  cross  ties  are  set  to  grade  and  a  con- 
crete beam  built,  15  in.  wide  and  9  in.  deep, 
below  each  rail  enclosing  the  end  of  the  tie. 
No  other  concrete  is  usei^  beneath  the  tie. 
The  pavement  foundation  joins  the  con- 
crete beam  and  surrounds  the  rail.  Tie 
rods  are  used  around  curves  and  at  other 
places  where  they  seem  necessary.  This 
form  of  construction  is  stated  to  have  re- 
sulted in  an  excellent  road-bed. 
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A  concrete  slope  paving  15   beinc   \''. 
,,   .l.,,,i  m  milc4  o(  (Ivl.    .l.i.i-  t  ,,- 
■Mio  River  at  I  : 
from  wash  a: 
In  the  past, 


,1    .!.< 


I,  i>iii({  11)1  ail 


Roads  and  Streets  Section 


Note  :  I  his  Section  U  dcvolcU  to  methods  and  coMs  of  road  and  !>troct  con- 
structiun.  It  will  cover  road  building  In  all  it*  dctnlK,  the  construction  of 
pa vomenis,  sidewalks  and  gutlcr>,  the  testing  and  u>c  of  paving  natcrlals  and 
tlie  machinery  and  tools  used  in  ruad  builJifit;  und  paNing. 


><tlcKU>"'ti   liic  ailjacriit    |jtid«   JKauist    rcpc- 

rili'^n    r>f    th.-    f1.""!t       Vhr    m'trc    cost    of 

-A    pro- 

'  in>.  thick 

.1:11    L'\cr    :nf    firirr    nvcr    lace   of 

Small    round     reinforcing     kirs 

1  in  the  >■••"■•'■■•■■    ■'   .'-It.  intervals, 

g    and    i:;  ■<:.     In    placing 

etc  the  si'  ;  iMed  into  strips 

6  il    wide,  and  vertirai  boards  set  in  place 

on   the  division   linc«       Mtmiatr  'tri:ix   ;irr 


The  Theory  of    Economic   Road  and 
Street  Design  and  Location. 

\  II. 

Coit  of  Ascent  and  Descent. — While,  as 
we  have  seen,  the  greatest  cost  of  hauling 
over  a  hill  arises  from  the  fact  that  it  lim- 
its the  size  of  the  loads,  there  is  a  further 
item  of  cost  to  consider  in  overconiinu  as- 
cents, namely  the  cost  of  the  energy  re- 
quired to  overcome  the  resistance  of  grav- 
ifv      In    railway    Inrntion    the   cost   of   each 
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concreted    wliile   the   iiiter\eiiiii;; 
left  for  the  lalK)rcrs  to  w>rk  111 


and  tamp  it  in  place      l-'innhrrs   : 

concreting  gang  to  level  '>ff  nivl 

surface.    Tne   work   i< 

way  on  one  day,  placii; 

in  cverv  oth' •    '    '         m'     " '"  """   '   i'"" 

ing   day   the  removed   and   the 

inlrrveiiing   -lii, eled 


rise  and  fall"  i»  >\ 
■n,    due   to    the    incr 
•.iMiiiniMn     In  ro.  '  ' 
of    ovcrcDinjni: 

for     the     nioti\e     ; , 

limited  capacity  lor  work. 

.•\    l.'.lX'lb    hor^e    i-    capable    of    doing 
alwiit    l6,noo.noti   ft    |l>$.   of  work  daily,  a< 
we   have   seen    in   .T!'liti''»n   tf>  fh'   •.vrW   "f 
lifting  it>  K'.: 
,\   Irani   01 


|o. 
C.I. 


\\>lKht  of  2   horse* 

w  iKlit  of   wacoo. . 

^v '  i;.-lit    of     load 

Total      


Kt  -Lb.. 


•  pablc  of  do- 

'    ft.    lbs    of 

each  1  ft.  of 

cent   of    their 


Since  the  two  hr.r 
ing    J  X  ltl,tJOt'.' 
work  daily,  it  1 

a»cent    consiinK >    [n 

available  energ)-.  This  energy  costs,  say. 
SJ.oo  per  team  a  day  (including  wages  of 
•Iriver);  hence  O.iW  per  cent  of  ^.<")  = 
$ii.iMiii<i,  which  is  the  cost  of  overcoming 
1    ft.  ascent. 

If  there  is  a  hill  IlK)  ft.  high,  up  which 
l,'""i  loads  (of  ."J  tons  each)  must  be 
hauled  annually,  then  the  .•■-•  .,f  ir  .Kin.' 
the  ascent  is'$0iXX>9> 
Capitalizing  we  have  5  - 
which  is  the  sum  that  may  be  prulitaijiy 
~pent  to  avoid  making  this  ascent. 

The  cost  of  each  ascent  going  toward 
the  market  should  be  estimated  in  this 
manner :  Each  descent,  on  the  other  hand, 
must  \x  credited  with  the  horse  work  that 
is  saved.  The  horse  itself  can  avail  itself 
in  descending,  of  none  of  the  work  ex- 
pended in  raising  its  own  weight  in  as- 
cending, for  it  is  not  like  a  wagon  on 
wheel.s ;  hence  there  is  no  credit  for  the 
'2.4IMI  ft.  lbs.  of  work  for  each  foot  of 
descent,  due  to  the  weight  of  the  team  of 
two  horses.  On  the  other  hand,  on  alt 
grades  less  steep  than  the  slope  of  repose, 
there    is    full    credit    for    •'  of    the 

wagon  and  ils  load,  or  ~  per  ft. 

of  descent.  But,  on  all  n'a'n-  -uijicr  than 
the  slope  of  repose,  either  brakes  must  be 
applied  or  the  horses  must  bold  the  load 
back,  in  either  case  causing  a  waste  of  the 
encrgv  of  the  descending  load.  On  a  paved 
road  having  a  tractive  resistance  of  40  lbs. 
per  ton  the  slope  of  repose  is  a  "2  per  cent 
grade;  hence  on  grades  steeper  than  2  per 
cent  calculate  the  number  01  feet  of  de- 
scent for  the  horiz.  •  ■  '  ■  ,.\c^ 
exactly  as  if  they  u  :  to 
this  add  the  total  ..,,..,,  ;,,;  ..  ,i.!ical 
descent  on  all  grades  of  less  than  2  per 
cent,  the  grand  total  will  be  the  number  of 
feet  of  descent  to  be  credited  as  reducmg 
the   horse   work. 

To  illustrate,  suppose  there  is  a  descent 
on  a  .1  per  rent  grade  for  1,000  ft.,  fol- 
lowe.l  ->ent  of  2,000  ft    on  a   14 

per  I'  The   horsr   work   saved   on 
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may    be    profitably    expended    to    eliminate 
this  rise  and  fall  entirely. 

This  method  of  calculation  of  the  value 
of  rise  and  fall  involves  a  distinct  depar- 
ture from  that  given  in  any  text  book  on 
roads,  for  the  reason  that  authors  of  road 
books  have  not  only  neglected  to  consider 
the  weight  of  the  horses  but  have  fallen 
into  the  error  of  regarding  a  foot  of  "rise 
and  fall"  on  roads  as  being  exactly  an- 
alogous to  a  foot  of  "rise  and  fall"  on  the 
railways.  On  a  railway,  however,  the  loads 
are  usually  carried  both  ways,  whereas 
they  are  usually  carried  only  one  way  on 
roads,  which  make  it  illogical  to  attempt  to 
deduce  any  definite  value  for  1  ft.  of  "rise 
and  fall,"  taken  as  one  item  together,  on  a 
road.  Hence  we  have  separated  the  two, 
and  have  calculated  the  value  of  1  ft.  of 
ascent,  and  of  1  ft.  of  descent,  and  have 
regarded  them  as  debits  and  credits  to  be 
applied  to  each  hill. 

Based  upon  the  above  assumption  as  to 
weight  of  horses  (1,200  lbs.  each),  load 
hauled  (3  tons  net  per  team),  rate  of 
vi'ages  (30  cts.  per  hour  for  two  horses 
and  driver),  and  rate  of  interest  on  cap- 
ital (4  per  cent),  we  have  the  following 
rule: 

Debit  each  hill  imth  2%,  cts.  for  each 
foot  of  ascent  for  each  load  hauled  over  it 
during  the  year.  Credit  the  hill  with  1.7 
cts.  for  each  foot  of  descent  for  each  load, 
estimating  each  grade  of  less  than  2  per 
cent  at  its  actual  descent,  but  estimating 
the  descent  on  each  grade  of  more  than  2 
per  cent  as  if  it  were  only  2  per  cent.  The 
net  debit  is  the  justifiable  expenditure  to 
elimi-nate  the  hill. 

Example.  .-X  hill  100  ft.  high  has  an 
ascent  of  4,000  feet  long  on  a  2%  per  cent 
grade,  a'nd  a  descent  of  1,000  feet  on  a  5 
per  cent  grade,  followed  by  2,500  ft.  descent 
on  a  2  per  cent  grade.  What  expense  is 
justified  to  eliminate  the  hill,  if  it  is  to  be 
macadamized,  and  if  4,000  loads  of  3  tons 
are  to  pass  over  it  annually? 

Solution:  The  debit  due  to  ascent  is 
2V*  cts.  X100X4,000=$9,000.  The  first 
1,000  ft.  of  descent  credited  on  a  2  per 
cent  (not  5  per  cent)  basis  is  20  ft.;  the 
final  descent  of  2,500  ft.  on  the  2  per  cent 
grade  is  50  ft. ;  making  a  total  credit  of  70 
ft.  on  the  descent.  Hence  the  credit  due  to 
the  descent  is  1.7  cts  X70X4,000=$4,780. 
Therefore,  $9,000— $4,780=$4,220  is  the 
amount  that  may  be  justifiably  expended  to 
eliminate  the  hill   entirely. 

Rules  similar  to  the  above  can  be  pre- 
pared to  fit  any  given  conditions  as  to 
wages,  loads,  interest  on  capital,  etc. 

A  hill  may  be  eliminated  either  by  e.x- 
cavating  or  by  making  a  detour  around  it. 
In  the  latter  case,  the  cost  of  the  in- 
creased distance  becomes  a  matter  for  con- 
sideration, and  this  problem  should  be  at- 
tacked as  follows  ; 

The  value  of  J  ft.  of  Distance — The 
value  of  a  foot  of  increased  distance  is 
ascertained  by  adding  three  items;  (1) 
The  actual  first  cost  of  building  1  ft.  of 
road;  (2)  the  capitalized  value  of  the  total 
team  time  required  to  travel  the  extra  foot 
of  distance ;  and  (3)  the  capitalized  value 
of  maintaining  1  ft.  of  road. 

If  a  team  travels  2%  miles,  or  13,200  ft., 
an  hour,  and  if  a  team  (including  driver) 
costs  30  cts.  per  hour,  there  would  appear 
to  be  an  added  cost  of  30  cts.  -H  13,200= 
0.0023  ct.  per  loaded  team  per  foot  of 
added  distance ;  but,  as  a  matter  of  fact, 
this  cost  is  only  half  the  real  cost  per  load 
per  foot  of  added  distance,  for  the  wagon 
is  loaded  only  when  going  to  market  and 
must  also  travel  this  e.xtra  foot  when  re- 
turning unloaded.  Hence  the  real  cost  is 
0.0023X3=0.0046  ct.  per   load  per   foot  of 


added  distance.  If  the  load  is  3  tons,  the 
cost  is,  therefore,  0.0015  ct.  per  ton  per 
foot  of  added  distance.  If  there  are  1,000 
tons  hauled  per  year,  then  we  have  0.0015 
ct.X  1,000=1.5  ct.  per  ft.  of  distance.  Capi- 
talizing this  at  4  per  cent,  we  have  1.5^4 
per  cent  ^37%  cts.,  which  is  the  value  of 
1  ft.  of  distance  per  1,000  tons  hauled  an- 
nually. 

The  cost  of  maintaining  this  1  ft.  of  road 
should  next  be  considered.  We  have  seen 
that  on  macadam  it  costs  0.4  ct.  per  ton- 
mile  for  maintenance,  hence  the  cost  per 
ton-foot  is  a  little  less  than  0.00008  ct.. 
For  1,000  ton-ft.,  this  would  be  0.08  ct., 
which  capitalized  at  4  per  cent  is  2  cts. 
Adding  this  to  the  37%  cts.  we  have  a  total 
of  39%  cts.,  or  practically  40  cts.,  per  ft. 
per  1,000  tons  of  annual  traffic. 

The  first  cost  per  foot  of  road  varies 
widely,  but,  for  illustration,  assuming  it  to 
be  $1  per  ft.,  a  rule  like  the  following 
should  be  applied  by  the  road  locating 
engineer: 

To  a  first  cost  of  $1  per  ft.  of  distance 
add  J/O  cts.  per  1,000  tons  Imulcd  per  an- 
num over  the  section  of  road  in  question, 
to  get  the  total  value  of  i  ft.  of  distance. 

E.xample :  The  capitalized  cost  of  ascent 
and  descent  on  a  hill  is  $4,200  for  a  traffic 
of  12,000  tons.  To  go  around  the  hill 
will  add  800  ft.  of  distance.  Is  this  added 
distance  justifiable? 

Solution:  The  value  of  1  ft.  of  distance 
is  $1  +  12X40  cts.=$5.80;  hence  the  value 
of  800  ft.  is  $.5.80X800=$4,640.  This  indi- 
cates that  it  will  scarcelv  pav  to  go  around 
the  hill. 

(To   be    continued.) 


Progress   Reports  of  Experiments  in 
Dust  Prevention,  Road  Preserva- 
tion and  Road  Construction, 
By  the  U.   S.   Office   of 
Public  Roads. 

During  the  summer  of  1908  a  number 
of  experiments  in  road  preservation  and 
construction  were  conducted  by  the  U.  S. 
Office  of  Public  Roads  in  co-operation  with 
various  municipalities.  This  work  included 
experiments  with  asphaltic  preparations, 
tar  preparations  and  residual  oil,  at  New- 
ton. Mass.,  the  construction  of  an  earth- 
asphalt  road  at  Independence,  Kan.,  the 
construction  of  tar-slag,  tarred  slag  and 
tarred  slag-limestone  roads  at  Birmingham, 
.Ala.,  and  the  construction  of  four  experi- 
mental sand-clay  roads  in  Kansas.  A  de- 
scription of  these  experiments  is  given  in 
a  recently  issued  circular  of  the  Office  of 
Public  Roads,  and  from  that  circular  we 
have  taken  the  matter  in  this  article. 

The  experiments  with  dust  preventives 
and  road  binders  made  in  1908  differ  from 
those  of  earlier  years  mainly  with  respect 
to  the  manner  of  application  of  the  various 
dust  preventives  and  road  preservatives. 
While  the  earlier  experiments  were  con- 
cerned with  the  surface  treatment  of  old 
roads,  the  later  ones  deal  principally  with 
the  treatment  of  roads  during  construction 
or  reconstruction.  It  is  the  belief  of  the 
Office  that  where  new  roads  are  being  built 
or  old  ones  are  being  resurfaced  it  is  far 
better  policy  to  incorporate  a  suitable  bind- 
er with  the  road  material  at  that  time 
than  at  a  later  period  to  attempt  to  prevent 
deterioration  by  means  of  surface  applica- 
tions when  the  surface  is  worn  and  dusty. 
While  the  initial  cost  of  such  work  will,  of 
course,  be  somewhat  greater,  it  should 
prove  more  economical  in  the  long  run 
where  proper  materials  are  employed  in  a 
suitable  manner. 


.■\SPH.\LTIC  PREP..\R.\TI0NS,  TAR  PREP.\R.\TI0NS, 
AND  RESIDUAL  OIL. 

These  experiments  were  conducted  at 
New-ton,  Mass.,  by  the  Office  of  Public 
Roads  in  co-operation  with  Mr.  Charles 
W.  Ross,  street  commissioner  of  Newton. 
All  labor,  apparatus,  and  road  stone  were 
furnished  bv  the  city  of  Newton.  Some 
of  the  binding  materials  were  donated  by 
manufacturers  and  others  were  purchased 
by  the  city.  Direction  and  supervision  of 
the  work  were  furnished  by  the  Office  of 
Public  Roads. 

Cabot  St..  running  west  from  Center  St., 
and  connecting  Newton  with  Newtonville, 
was  selected  for  all  experiments  excepting 
No.  11.  This  street  had  been  macadamized 
to  a  width  of  from  19  to  25  ft.  about  20 
years  previouslv  and  was  badly  in  need  of 
resurfacing.  The  grade  varied  from  1.5 
per  cent  to  6.35  per  cent.  This  road  is 
subjected  to  an  ordinary  mixed  traffic  irt 
which  automobiles  predominate. 

Crushed  field  and  cobble  stone  was  fur- 
nished for  part  of  the  work,  but  for  the 
greater  portion  chlorite  schist  obtained 
from  the  city's  quarry  was  used.  The 
length  of  haul  was  considerable,  four  loads 
per  team  per  day  being  the  maximum  and 
three  loads  the  minimum.  The  laborers 
were  for  the  most  part  skilled  in  road  work 
and  were  furnished  from  the  regular  city 
force.  The  cost  of  labor  per  8-hour  day 
was  as  follows : 

Common  labor   $1.75-$2.2.-. 

Foreman    2.50 

Singrle  teams   3.50 

Double  teams    5.25 

Roller    10.00 

Roller  operator 2.50 

The  cost  of  broken  stone  at  crusher  was- 
figured  at  93  cts.  per  cu.  yd.,  sand  at  69  cts.. 
and  gravel  at  7  cts.  Account  was  taken  of 
all  miscellaneous  expenses,  such  as  lumber 
for  stone  gauges,  wood  for  heating  pur- 
poses, drayage.  interest  on  capital  invested 
in  apparatus,  etc..  and  divided  among  the 
different  experiments.  Of  the  various  bind- 
ers used  the  asphalt  preparation  was  fig- 
ured at  13  cts.  per  gallon,  oil  and  refined 
coal  tar,  at  8  cts.,  and  refined  watergas  tar 
at  7%  cts.  This  included  freight  charges. 
.As  some  of  these  materials  were  furnished 
free  of  charge,  their  cost  could  only  be  esti- 
mated, and  for  purpose  of  comparison  can, 
if  desired,  be  eliminated  in  considering  the 
various  experiments,  provided  the  quantity 
employed  is  taken  into  account.  In  differ- 
ent parts  of  the  countrv  their  cost  would 
vary,  so  that  for  estimation  of  similar  work 
done  elsewhere  the  cost  at  the  given  loca- 
tion should  be  substituted. 

Owing  to  the  distribution  of  the  laborers 
and  their  employment  in  various  kinds  of 
work  during  the  same  day.  as  well  as  to 
occasional  losses  of  time  which  are  un- 
avoidable in  experimental  work,  it  was  im- 
possible to  determine  accurately  the  in- 
creased cost  of  construction  over  that  of 
ordinary  macadam.  As  the  average  cost  of 
macadam  per  square  vard  1  in.  in  deptli  bas- 
in the  past  amounted  to  10  cts.  in  the  city 
of  Newton,  it  would  seem  fair  to  deduct 
this  amount  from  the  total  cost  and  con- 
sider the  remainder  as  additional  cost. 
New  material  was  applied  to  a  finished 
depth  of  4  ins.,  so  that  the  total  cost  per 
square  yard  minus  40  cts.  will  give  a  close 
approximation  of  the  additional  cost.  The 
cost  data  of  the  different  experiments  are 
given  in  Table  III. 

All  work  was  carried  on  during  the 
months  of  August  and  September,  the 
weather  being  cool.  No  bituminous  mate- 
rial was  mixed  in  wet  weather,  nor  applied' 
while  the  under  surface  was  wet.  With  ex- 
ceptions noted  under  the  various  experi- 
ments, the  work  in  general  w-as  carried  on 
as  follows :  The  entire  road  was  first  spiked; 
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lip  and  3II  iloncs  over  3  in.  in  tjiainrter  rc- 
movcil  tiy  hand;  soft  places  were  tilled  with 
gravrl  and  the  roail  hrouKht  to  a  crown  of 
one-half  inch  to  the  f.Hit  and  well  rolled 
with  a  S<>lon  »tcam  roller.  A  JH  in  course 
of  crushed  stone  not  larKer  than  '.'H  in. 
ill  diameter  was  then  spreael  on,  water  ap- 
pli-'l  .mil  the  whole  rolletl  until  compact 
-ml  v.ilid.  .\  foundation  oi  this  kind  was 
...r.tructed  as  a  base  for  all  ni  the  rxpcri- 
iii'Mt'  \~  ~.p. .11  .-.  tti,.  base  was  thoroiiKhly 
•Iry  a  I   warm  liiiuiiirii  cuv. 

"■•■tl  St  -.1  uniformly  over  the 

whole  suriace  and  rolled  until  tiriii.  The 
surfa.-r  was  finished  according  10  methods 
'I'  ndcr  the  dIfTerrnt  experiments, 

en-covered  .stone  was  prepared 
at  li  .  iin^her  in  the  following  manner- 
The  bitumen  was  heated  in  two  2  barrel 
kettles  to  a  Icmperalure  of  alH.iit  *2.'i°  F, 
ail.!  .1!  this  heat  was  snfhcieiilly  fluid  to  he 
appli.cl  It  was  then  dippt.l  ..m  '<„  ,  Kallon 
iiK.i-iire  and  poured  over  ■  ,    dried 

aiicl  hiateil  crushed  rock.  uity  of 

r.x-k  was  carefully  RuaRe.l  and  the  sizes 
proportioned  as  Riven  under  the  diflFcrcnt 
J"^  All   mixing   was   done   on   a 

'■'■  "'h  and   the   stone   turned   with 

'"■-  M ■■!    shovels    until    perfectly    cov- 

erol  r«o  Complete  turnings  were  iisuallv 
sufficient.  Uie  hot  mixture  was  then  hauleil 
to  the  road  and  applied  The  stone  was 
heated  on  semicylindrical  heaters,  approxi- 
mately 8  ft.  by  3H  in.,  closed  at  one  end 
an<l  fitted  with  smokestacks,  wood  beinR 
used  as  fuel.  Willi  a  (?ood  f^ro.  it  was 
found  that  the  stone  became  sufficiently 
hot  to  mix  in  a  very  short  time,  so  th.a't 
the  operation  of  covering  the  heater  with 
fresh  stone  and  removing  the  hot  stone 
was  almost  continuous  Two  of  these  heat- 
ers were  used  for  the  larRc-sized  stone  and 
one  for  the  small.  In  niixins.  it  was  found 
advisable  lo  first  place  a  measured  quantity 
of  line  material  on  the  platform  and  cover 
this  with  the  proper  amount  of  coarse  ma- 
teri.il.  after  which  the  bitumen  was  applied. 
\\  hile  being  turned,  each  pile  was  carefully 
raked  by  a  laliorer  equipped  with  an  ordi- 
nary asphalt   rake. 

It  was  found  most  economical  and  con- 
venient to  mix  batches  of  stone  weighinK 
approximately  l.irKi  lbs.  and  to  emplov  suf- 
ficient laNir  to  mix  two  batches  at  one  time. 
By  proper  arrangement  of  labor.  I  fore- 
man and  |."i  men  could  thus  mix  37  cu.  yds. 
of  material  per  day.        ' 

The  various  binders  were  delivered  in 
barrels  and  were  exceedingly  viscous 
liquids  at  ordinary  temperatures.  The  as 
phalt  and  oil  preparations  could  be  run 
from  the  bung,  but  in  some  cases  it  was 
necessary  to  destroy  the  barrels  containing 
the  tar  preparations  in  order  lo  remove  the 
conieii.s.  The  results  of  examination  of 
these  various  preparations  arc  given  in 
Tables  1  and  2. 

TABLE   1— PROPERTIf.S  OF   ASPIIALTIC   PREPABA- 
TIONS    AXn   RESIDUAL    01I_ 
AaphnllU- 
prfpuni- 
Klri.l    or   t<«t.  tloiia.         Hvalilual  oil. 

8pf«lilc    Knivlty    2;*    C./ 

„,-■    '  >  1::  0.»M 

f  47J*  F.  <24i'C.) 

»•  tculii:      Pit  cent-  Poreenl. 

!  1.-       .   t,,.. 

o.:i 


i;- ....  .,, 

Lilatillniiitn  iifiiM  t 

DlKllliut'-    t..    110*    C.. 

|MT  ri'iii  lo    Milume.       IJi 
T.IkI'I    ••lis      nil      C.    In 
IT"    I-.  i«r  1  .nt  by 

^  "liiliif    i.fj 

!!■  •■  1  ollii.  170*  ('.  to 
•  I"  >'■,  per  cent  by 
\*>hiiiie    26.3 

Sniiihli'     In     CSi     total 

bitumen    9S.82 


£.34 
M4.70 


99.KS 


Orcanle   matter  tnsolu- 

bW  III  C8, S.U  .IS 

IiiurKuiile  niacier 30  .ou 

Total   100.00  lOu.Ou 

ItiDulublf  In  I'Clt. 8.61  

InwilTiMf  In  KO  per  cent 

621  

inaoluble    In 
ilui 5.40 

ufnickod;  hanl;  brittle. 
^f^tlfI:   i«-inlaipbaltlc:  pulled  to  thr.ji.l 
o.'    to    I70'.    M'hi'ii    eiiltl    I,. 

.    lilt    vuluin*-    uf    hkIIiIm 
I  ''.    when    ••(•111    li.  ;  1     .     V . 
uiii'iiiit    uf    iiiilltlii.     Tills     I  .i>.iiai.J 

Inlif  Iwo   liiytTi*  of  oil,   01..  ly   a  pv- 

Intleuiii  and  llio  other  at. 
d  Trace. 
t  Per  cent  total  bitumen.  5.  tti. 

TABLE    II. — PROPERTIES    OF    REFl.NED    TARS. 

Coal  Water- 
Kind  of  imt.                          lar.  sua  tar. 
8pM-llle   gravity    20"   C./2S«C..    l.l':'!  1.16.'. 
Dlmillalloii    Irnlii—                             Pet.  Pet 
UlBiilUiii'  to  110'  C,  per  cent 

by  volume   0.0  0  0 

Total     IlKbt     olU    10    170'  C, 

per    e.-Ml    by    volume 1.6  6.3 

Total    dead   oils,    170M-.-270' 

C.    per   cent   by    volume..  28.5  51.9 

Pitch  residue  by  dlfterence. .   69. '.1  41.8 

Total    100.00         100.0 

Soluble  In  CS,  total  bitumen..  81.71  »7.t7 

UrKiiiile   matter     Insoluble     In 

<.'S,     18.18 

Inorganic   matter    11  2.53 

Total    100,1111         100.00 

In»oluble  In  90  per  cent  benzol  IS.ts  5.34 

When  cold,  the  light  oils  from  the  coal 
tar  contained  about  one-eighth  their  vol- 
ume precipitated  naphthalene,  while  only  a 
trace  of  naphthalene  was  found  in  the 
water-gas  tar  distillate.  The  dead  oils  from 
the  coal  tar  contained  about  one-third  their 
volume  precipitated  naphthalene  and  from 
the  water-gas  tar  about  one-twelfth  their 
volume.  The  residue  from  the  coal  tar  was 
brittle  and  nonlustrous;  that  from  the 
water-gas  tar  was  brittle  and  lustrous. 

Exftcrimcnl  Xo.  l.—.lsflialtic  Frefara- 
tioii. — L'pon  the  base  prepared  as  previously 
described  a  2V4-in.  loose  coat  of  hot  bitu- 
mcn-covcrcd  stone  was  placed  and  rolled 
with  the  20-ton  steam  roller  until  firm. 
The  use  of  a  smaller  roller  weighing  not 
over  8  tons  would  have  been  preferable, 
but  none  of  that  size  could  be  readily  ob- 
tained. In  this  experiment  the  stone  and 
bitumen  were  employed  in  the  proportion 
of  %0  lbs.  to  1%  to  %  in.  stone  to  3o0 
lbs.  of  ^  to  %  in.  stone  lo  '>  gallons  of 
binder.  This  mixture  could  be  rolled  while 
still  hot  without  slicking  to  the  roller,  and 
when  firm  averaged  2  in.  in  depth.  A 
light  coat  of  stone  screenings  one-half 
inch  to  dust  was  applied  in  quantity  suffi- 
cient to  fill  the  surface  voids,  and  the  whoK 
well  rolled.  The  finished  road  while  quite 
solid  was.  of  course,  not  so  dense  as 
though  a  more  carefully  : "•  -icd  min- 
eral aggregate  hail  been  Stones 
of  this  size,  however,  w  -c  easily 
mixed  by  hand  with  a  less  amount  of  bintl- 
er  than  would  have  been  required  had  a 
greater  proportion  of  fine  material  been 
employed. 

The  .section  treated  was  222  ft.  in  length 
and  averaged  23  ft.  in  wiilth,  giying  a  total 
area  of  M'l  sq.  yds.  The  amount  of  binder 
per  square  yard  amounted  to  O..VJ  gallon. 

lixpfrinti-nt     '  1  ra- 

tion—  In   the   ^'  cx- 

f  ■■ ral 

iier 

.     ;der 

.\t  the 

:■  ti    that 

■  ler  to  kup  ill.  tn- 

d  it  was  loun  I  on 

the  iiiixing  at  two  dil!'  ti;  !   ;  ■  ne 

material    being    availablr    at  cse 

points,  a  mixture  similar  to  lii.i:    '^i  -<  niicd 


in    Experiment    No.    1    was   the    best    that 

could   b       '  ■         ■       •       ■  ^, 

plant  tl: 

the    exiii... 

dust  was  sul  I 

%  to  ^4  in.  ., 

were  applied  to  ilic  rfiad.  Otherwise  the 
experiment  was  identical  to  No.  1. 

Three  hundred  and  ninety  feet  bv  23  ft. 

and    }»•>   ft.  by  19   ft.  of  road   surface  was 

led   in  this   manner,  giving  a  total 

'■    sq.    yds.     The    binder    consumed 

.HIP  limed   to  0.,'>l  gallon   per   square  yard, 

as  in  Experiment  No.  1. 

Expcrxmtnt  So.  X—Asfhallic  Prrf ora- 
tion.— This  experiment  was  in  every  wav 
similar  •      ^'        ■         ■    •  •■] 

of  the  I 

the   pro;. .  -    ....     .  ^    ,.,      .    ,11, 

stone  to  '.VM  lbs.  \  in.  to  dust  to  .".  gallons 
of  bitumen.  The  stone  running  from  \  in. 
to  dust  was  used  just  as  it  came  from  the 
crusher.  Shortly  after  consolidation  a  num- 
ber of  weak  spots  <leveIoped  in  all  three  of 
these  sections  and  had  to  be  patched  with 
hot  bitumen.  This  raised  the  total  cost 
of  each  0.99  ct.  per  square  yard. 

A   section  479  ft.  in  "  .    20  ft.  in 

width  was  treated  in  t;  rnt.  giving 

a  total  of  \,WA  sq.  y<i.  ,  ,  -.„ne  amount 
of  binder  per  square  yard  was  consumed 
as  in  the  prccccding  experiments. 

Experiment  No.  A.—Asphallic  Prepara- 
tion.— Instead   of  a   sii"'    ■  ■   - ■■-  ••  —   -f 

stone  screenings  as   in 
a  coating  of  tarred  san.  .  .       .       •.;.;, 

trial  section  in  a  quantity  sulficieni  to  fill 
the  surface  voids  and  produce  a  surface 
somewhat  resembling  sheet  asphalt.  Re- 
fined coal  tar  was  used  for  this  purpose, 
and  both  it  and  ('  '  •  i  )„■'. 

fore  use.    The  aii  •   :  r;.' 

material  amounte.;  ..  ...  ,  -  ,.,  :  ~,,iiare 
yard;  but  the  general  appearance  of  the 
street  was  greatly  improved,  and  it  is  be- 
lieved that  this  surface  will  prove  to  be 
more  water  resistant  and  of  better  wearing 
quality  than  that  produced  in  Experiment 
No.  3. 

A  section  93  ft.  in  length  and  2<>  ft.  in 
width  was  treated  in  this  manner.  The  to- 
tal area  covered  amounted  lo  207  sq.  yds. 
.-V  mixture  of  o.'i  gallon  of  asphaltic  prep- 
aration and  0.18  gallon  of  tar  was  used 
upon  every  square  yard  so  treated. 

Experiment    Xo.    ,1.-    •   -'    ■•        '■ 
lion. — This    section    01 
like  No.  .3.  with  il>.    . 
coat   of  the  hot   .. 
applied  to  the  bitr 

fore  spreading  the  su.iie  chips.  1  his  was 
done  by  p<Mirine  ibe  material  from  bii,-k<-ts. 
and.  wlii'  ur  it  into  !■ 

with   sfi'  brooms.    " 

similar    :  '  ' 

with  lev 

surface.  ;         ,  ,:; 

order    to   make    sure    ;  were 

filled    as    completely    a~  .    in- 

crease of  1.12  gallons  per   >,  thus 

cKcurred,  and  the   cost,   in» ;  it    of 

lalior  and  material,  was  raiicJ  17.12  cts. 
IH-r  square  yard. 

.\  section  5>8  ft.  in  length  and 
20^4  ft    in  width  was  treated  in 
ncr,  the  total  area  covered  being   -.  •    sq. 
yds. 

r  ■  ■   '■     '•      •    ■;  •       •■ 

tioi 

re-i  ....,,,. 

J  1!  I   the  hot 

api'i  ■!  of  the 

.•\   section  ;i3   ft.   in   ^  :.   in 

width,  giving  an  area  was 

treated  in  this  manner.  0 -M  k.i11..ii  of  as- 
phallic  preparation  and  l.U  gallons  of  coal 
tar  being  consumed  per  square  yard. 
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Experiment  Xo.  7. — Asphaltic  Prepara- 
tion.— On  account  of  the  patching  which 
was  required  in  Experiments  Nos.  1,  2  and 
3,  it  was  thought  advisable  to  construct  a 
section  in  the  same  manner  as  No.  3  with 
the  addition  of  more  bitumen.  Six  gallons 
was  therefore  substituted  for  5  gallons  in 
the  formula  for  Experiment  No.  3.  The  re- 
sults were  more  satisfactory,  as  no  patching 
was  afterwards  required.  The  cost  per 
square  yard  was,  however,  raised   1.24  cts. 

A  section  232  ft.  in  length  and  24  ft.  in 
w-idth  was  thus  treated.  The  total  area 
covered  was  618  sq.  yds.  and  0.71  gallon 
of  asphaltic  preparation  was  applied  per 
square  yard. 

Experiment  No.  S.^Residual  Oil. — This 
experiment  was  similar  to  No.  7,  excepting 
that  the  semi-asphaltic  residual  oil  was  em- 
ployed in  place  of  the  asphaltic  preparation. 
After  construction  the  road  was  not  quite 
so  firm  as  the  surface  produced  with  the 
asphaltic  preparation,  owing  to  the  lubri- 
cating prope/ties  of  the  oil.  The  surface 
was  somewhat  roughened  by  horses'  hoofs, 
but   otherwise  appeared   fairly  satisfactory. 

The  section  treated  was  74  ft.  in  length 
and  23  ft.  in  width,  or  an  area  of  189  sq. 
yds.  The  oil  consumed  per  square  yard 
amounted  to  0.79  gallon. 

Experiment  No.  9. — Refined  Water-Gas 
Tar. — In  this  experiment  refined  water-gas 
tar  was  used  in  the  same  manner  and  in 
approximately  the  same  quantity  as  was 
described  in  Experiments  Nos.  7  and  8  for 
the  asphaltic  preparation  and  oil.  The  re- 
sulting road  was  similar  to  that  obtained 
from  the  use  of  the  asphaltic  preparation. 

Ninety-three  ft.  of  roadway  2-5  ft.  wide, 
giving  an  area  of  2-58  sq.  yds.,  was  treated 
in  this  manner,  and  0.81  gallon  of  tar  per 
square  yard  was  consumed. 

Experiment  No.  10. — Refined  Water-Gas 
Tar. — In  this  experiment  the  road  was 
constructed  as  in  Experiment  No.  9,  ex- 
cept that  a  coating  of  tarred  sand  was 
substituted  for  the  top  dressing  of  stone 
chips.  The  finished  surface  was  similar  to 
that  described  in  Experiment  No.  4  and  re- 
sembled sheet  asphalt.  The  same  kind  and 
quantity  of  sand  and  tar  were  used  as  in 
Experiment  No.  4, 

.\  section  326  ft.  in  lengtli  and  24  ft.  in 
width,  giving  an  area  of  B&^  sq.  yds.  was 
treated  in  this  manner.  K  total  of  0.81  gal- 
lon of  refined  water-gas  tar  and  0.18  gallon 
of  refined  coal  tar  per  square  yard  was 
consumed  in  this  experiment. 

Experiment  No.  11. — Molasses-OU-Lime. 
— For  this  experiment  a  section  of  Summit 
street  running  north  from  Bellevue  St., 
and  varying  from  4.3  to  an  8  per  cent  grade 
was  selected.  While  subject  to  less  traffic 
than  Cabot  St.,  it  was  badly  in  need  of 
resurfacing  and  the  same  general  method 
of  preparing  the  liase  was  therefore  fol- 
lowed. The  binding  material  for  the  upper 
course  was  composed  of  a  mixture  of  mo- 
lasses, oil  and  lime. 


In  certain  sections  of  the  country  con- 
siderable quantities  of  waste  molasses  or 
blackstrap  are  produced  in  the  manufac- 
ture of  sugar.  This  material  has  but  few 
uses  and  is  therefore  sold  at  a  low  figure 
in  the  neighborhood  of  the  sugar  refineries 
where  it  is  produced.  It  is  of  an  exceed- 
ingly sticky  nature  and  when  combined 
with  quicklime  produces  calcium  sucrate, 
which  upon  standing  sets  into  a  dense 
sticky  cement.  This  cement  is  somewhat 
soluble  in  water,  and  for  this  reason  can 
not  in  its  natural  state  be  used  in  localities 
subjected  to  frequent  rains.  An  attempt 
was  therefore  made  to  waterproof  it  by  the 
addition  of  a  semiasphaltic  oil  with  which 
it  would  be  amulsified  for  the  time  being. 
From  laboratory  experiments  a  combina- 
tion of  these  materials  was  devised  which 
gave  indications  of  suitability  as  a  road 
binder.  As  the  policy  of  the  oflSce  has  al- 
ways been  to  further  the  use  of  local  prod- 
ucts in  the  construction  and  treatment  of 
local  roads  whenever  possible,  it  was 
thought  worth  while  to  construct  a  short 
experimentl  section  of  road,  using  this  ma- 
terial as  a  binder  in  order  to  determine  its 
practical  value.  In  the  neighborhood  of 
Boston,  blackstrap  molasses  is  sold  at  a  very 
much  higher  figure  than  in  localities  near 
where  it  is  produced,  so  that  the  cost  of 
construction  of  this  section  of  road  was 
much  greater  than  it  would  be  in  those  lo- 
calities. 

The  binder  was  prepared  in  a  large  mor- 
tar box  by  first  slaking  320  lbs.  of  quick- 
lime with  108  gallons  of  water,  .^s  soon 
as  the  lime  was  completely  slaked,  92  gal- 
lons of  molasses  was  added  and  thoroughly 
mixed  with  it,  after  which  -50  gallons  of 
the  semiasphaltic  oil  was  stirred  in.  While 
the  preparation  was  still  hot  it  was  mixed 
with  the  graded  stone  in  the  same  manner 
as  has  been  described  for  the  bituminous 
mi.xture.  except  that  in  this  case  the  stone 
was  not  first  heated.  Eighteen  gallons  was 
applied  to  every  1,310  lbs.  of  stone,  and 
the  concrete  thus  produced  was  hauled  to 
the  road  and  laid  as  soon  after  mi.xing  as 
possible.  When  rolled  it  produced  a  firm 
and  resilient  surface  upon  which  heavily 
loaded  teams  produced  no  wheel  marks  one- 
half  hour  after  it  had  been  laid.  Under  the 
action  of  the  roller  a  small  portion  of  the 
oil  came  to  the  surface,  so  that  a  light  ap- 
plication of  stone  chips  was  required  to 
put  the  surface  in  good  condition. 

The  section  treated  was  .351  ft.  in  length. 
186  ft.  of  which  was  17%  ft.  wide  and  16-5 
ft.  13  ft.  wide.  The  total  area  covered  was 
600  sq.  yds,  and  0.92  gallon  of  molasses, 
0..5  gallon-  of  oil,  and  3.2  lbs  of  lime  per 
square  yard  was  used.  The  labor  item  was 
exceedinglv  high  in  this  experiment  be- 
cause of  the  inexperience  of  the  workmen 
in  preparing  and  handling  the  material. 
The  cost  of  molasses  was  figures  at  II  cts. 
per  gallon  and  of  lime  at  60  cts.  per  100  lbs. 

Suniiuarv  of  Experiments  Conducted  at 
.\'ezi'fon,    Mass. — Besides    the     experiments 


already  described,  one  other  was  made  on 
Cabot  St.,  in  which  sand  was  used  and 
covered  with  a  very  weak  preparation  of 
lime  and  molasses  as  a  top  dressing.  This 
experiment  proved  a   failure. 

.•\fter  three  months'  wear  all  of  the  sec- 
tions which  have  been  described  are  in 
good  condition,  so  that  it  is  possible  to 
compare  them  satisfactorily.  If  any  com- 
parison were  made,  however,  those  sec- 
tions covered  with  tarred  sand  seem  to  be 
best,  and  that  constructed  with  oil  as  a 
binder  not  quite  so  satisfactory  as  the 
others.  After  a  winter's  wear,  the  defects 
in  the  least  satisfactory  section  should  be- 
come apparent,  but  among  those  which  are 
in  good  condition  at  the  beginning  of 
spring  it  is  possible  that  a  much  longer 
time  will  be  required  before  a  choice  can 
be  made.  In  regard  to  this,  as  well  as  all 
other  work  of  an  experimental  character, 
it  may  be  said  that  the  cost  was  greater 
than  that  which  would  be  involved  in  the 
construction  of  long  stretches  of  road 
where  the  work  could  be  arranged  and  car- 
ried out  more  systematically.  Table  III 
gives  in  condensed  form  the  cost  data  of 
all  of  the  experiments  described. 

EARTH — ASPHALT. 

In  this  experiment,  which  was  conducted 
at  Independence,  Kan.,  in  1908,  an  attempt 
was  made  to  construct  an  earth-asphalt 
road  with  an  artificial  asphalt  preparation 
having  the   following  properties  : 

Specific  gravity  25°  C./25°  C 0.9S1 

Penetration    77°    F.    (25°    C.)    No.    2    N. 

.1   sec.,    100   gms 257.00 

Loss  at  212°   F.  (100°  C.)   after  5  liours 

(per  cent)    0.00 

Loss    at    325°    F.    (163—°    C.)    after    7 

liours   (per  cent)    20 

Loss    at    400°    F.    (204  -f-  °    C.)    after    7 

hours   (per  cent)    1.01 

Residue*    (per   cent)    98.99 

Soluble  in  CS™  total  bitumen  (per  cent)  99.62 
Organic    matter    insoluble    in    CS^    (per 

cent)    15 

Inorganic    matter    (per    cent) 23 

Total    (per  cent)    100.00 

Bitumen  insoluble  in  CCU  (per  cent)  0.00 
Insoluble    in    86°    naphtha    (per   cent) .  .t20.26 

•The  residue  was  practically  the  same  as 
the  original  material. 

tPer  cent    total   bitumen,    20.34. 

This  material  w-as  used  at  the  request 
of  the  manufacturers.  A  more  suitable 
product  could  have  been  obtained  by  cut- 
ting it  with  crude  oil  or  with  a  volatile 
distillate  in  sufficient  quantity  to  insure  a 
proper  absorption  by  and  better  mixing 
with  the  soil. 

Tonopah  St..  running  the  length  of  two 
city  blocks,  and  Minnehaha  St..  for  three 
blocks  adjoining  it.  were  selected  for  this 
experiment.  .\  treatment  of  some  sort  was 
most  urgently  required,  as  these  streets 
were  almost  impassable  during  winter 
Weather.  Tonopah  St.  for  a  length  of  300 
ft.  was  composed  of  ^^late-colored  gumbo 
which  Droved  very  difficult  to  work.  The 
remaining  500   ft.   consisted   of   a  buckshot 


TABLE     III. — COST     D.^TA 

OF     EXPERIMENTS    AT 

NEWTO.X 

MASS. 

No.  1 

Graded 

Screen 

_ 

Patch- 

Labor 

per  sq.  yd. 

stone 

stone 

ings 

Sand 

Miscellane-  ing 

Total 

cost 

Experi- 

On 

per 

per 

per 

per   B 

ndei-  per 

ous  per 

per 

Per 

Entire 

ment 

road. 

Mixing. 

sq.  yd. 

sq.  vd. 

sq.  vd. 

sq.  vd. 

sq.  yd. 

sq.  yd. 

sq.  yd. 

sq.  vd. 

section. 

No. 

Rinder   applied. 

Cents 

Cents. 

Cents. 

Cents. 

Cents 

Cents. 

Cents. 

Cents. 

Cents. 

Cents. 

Dollars. 

1 

Asphaltic 

preparation 

. .  20.23 

6.76 

4.46 

5.40 

1.00 

fi.97 

1.11 

0.99 

46.92 

.     266.04 

0 

Asphaltic 

preparation 

..20.23 

6.76 

4.46 

5.40 

1.00 

6.97 

1.11 

.99 

46.92 

57S.05 

3 

Asphaltic 

preparation 

.  .20.'>3 

6.76 

4.46 

5.40 

1.00 

6.97 

1.11 

.99 

46.92 

499.23 

4 

Asphaltic 

preparation 

an< 

coal-tarred  23.10 

9.69 

4.46 

5.40 

0.64 

S.38 

1.11 

52. 7S 

109.25 

sand 

6.76 

4.46 

5.40 

l.on 

21.72 

1.11 

64.04 

5 

Asphaltic 

preparation 

with 

flush 

coat 

of23.3y 

142.81 

same  material    

6 

.\sphaltic 
coal  tar 

preparation 

with 

flush 

coat 

0f26.4S 

6.76 

4.46 

5.40 

1.00 

16.06 

1.11 

61.27 

53.92 

" 

Asphaltic 
Residual 

preparation 
oil    

.  .20.23 

6.76 
S.73 

4.46 
4.46 

5.40 
5.40 

1.00 
1.00 

9.20 
6.35 

1.11 
1.11 

48.16 
47.28 

298.11 

S 

..20.23 

89.36 

9 

■\Valer-gas    tar    

.  .20.23 

S.14 

4.46 

5.40 

1.00 

6.21 

1.11 

46.55 

120.10 

10 

Water-gas   tar  and  coal-tarred   sand. 

..23.10 

11.07 

4.46 

5.40 

.64 

7.62 

1.11 

53.40 

183.70 

11 

Oil,   lime 

!ind  molasses 

mixturs.  . 

..20.96 

9.02 

2.75 

7.01 

.92 

14.57 

1.11 

62.34 

374.04 

Total    

3,714.61 

May  26,  1909. 
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clay   winch  pulverized   rather  easily.    With 

thr   cxcrpiion  ol    a    few    ipots   oi   Kumbo, 

Miniirhaha    St.    wa«   composed   of    <li»infr- 

Cratril    >halc    and    afRillaceoii? 

Before  treatmnil   Ixilh  street*  w 

by  city  comract  ami  this  cost  is  ii"!  inciun 

eil  in  that  of  the  experiment. 

T!  A  a>phalt  was  furnished  free 

of  the    manufacturers    at    their 

plan!  ..  ■  .^.  three  fourths  of  a  mile  dis- 
tant lri>m  the  road.  It  was  delivered  at  a 
temperature  of  at)Out  41W°  F.  and  run  into 
a  tank  wagon  made  t>y  mounting  a  small 
boiler,  N  ft.  in  length  by  ■!  ft.  in  diameter, 
upon  a  farm  wagon.  In  this  way  no  ex- 
pense was  incurred  for  heating.  The  ma- 
terial was  sprinkled  uoon  the  road  at  a 
temperature  of  alKjut  30(1°  F  by  means  of 
a  3-in  gas  pipe  tl  ft.  long  with  one  row  of 
one-half  inch  holes  Ixired  at  a  distance  of 
IVi  in.  from  each  other,  and  two  rows  of 
one- fourth  inch  holes  similarly  spaced.  This 
device  was  fitted  to  the  outlet  of  the  boiler 
and  rested  about  one  foot  above  the  sur- 
face of  the  road  and  at  right  angles  to 
its  lenglh.  (."■  '  '  1.  difficulty  was  ex- 
perienced in  1^  holes  from  becom- 
ing clogged,  mil  vimii  the  outlet  valve  was 
wide  open. 

The  road  was  plowed  to  a  depth  of  tj  in. 
and  the  earth  pulverized  as  completely  as 
possible  with  a  disk  harrow  and  plank  drag. 
It  was  found  impossible,  however,  to  pul- 
verize the  gombo  satisfactorily.  The  asphalt 
was  applied  at  the  rate  of  three- fourths  of 
a  gallon  per  square  yard,  after  which  the 
road  was  well  harrowed  and  more  asphalt 
applied  as  before.  The  road  was  again  well 
harrowed  and  the  earth  and  asphalt  moved 
back  and  forth  across  the  road  with  a 
grader,  this  method  of  mixing  proving 
most  satisfactory  of  any  that  was  tried. 
The  road  was  then  plowed  to  a  depth  of 
about  5  in.,  pulverized,  and  asphalt  applied 
and  mixed  as  before,  after  which  water 
was  put  on  until  the  road  became  quite 
muddy.  Mixing  was  continued  for  some 
time  with  the  road  grader  and  disk  har- 
row, .An  attempt  was  made  at  this  point 
to  use  a  tamping  roller  for  mixing,  but  this 
had  to  Ik  abandoned,  as  the  spaces  between 
the  teeth  became  completely  tilled  by  the 
time  it  had  traveled  .3<xi  ft.  The  road  was 
left  in  this  condition  until  it  became  fairly 
well  dried  out.  when  the  temping  roller  was 
tried  again.  .-X  hard  crust  had  formed  on 
the  surface  of  the  section  of  giinitKi  and 
very  little  g(H>d  wa-  deriveil  froni  tamping. 
The  rr^ad  was  then  shaped  ami  rolled  with 
an  ordinary  roller.  It  was  found  that  the 
asphalt  was  not  readily  absorl>ecl  by  the 
sod.  Recent  heavy  rains,  however,  caused 
a  finished  portion  of  the  road  to  become 
fairly  muddy  and  traffic  then  seemed  to 
produce  an  excellent  mixing,  so  tl-at  in 
time  the  road  may  improve.  The  cost  data 
for  the  •">.L'1H  sq.  vds.  constructed  are  given 
in  Tabic  IV. 

TAtLE     IV. — COST     UATA      OF      EAmi-ASPII  ALT 

«OAD,    INHEI^Nt'ENCe.    KAN. 

Total  ''out  pir 

Item.  ri)»t.  "1    >  '■ 

Prrpnelnr  r«»n<l  for  aaplinll     fI9  "'•         I" 

API  ■        -  ■  .lit    '" 

Mix  >.|    

Tii!i  rolltnu. .  11  ■    i 

Sprln^Htik-   ^'■lih  wliter   1^411  '■,,,;,.■ 

I.01KI111K  iinil  unlonillnc  roller     6  c"  nolI.'. 

A»l>t>«lf  1  Kl  '■»'•  -2*«" 

Tomi  t:«.i5      io.:«:5i 

•The  roiil  nf  lli- 
S30  per  tun.  nnd  r- 
p«»r    frnllon    nt    li-riii'    --'  . 

K  «n»  riileutoI«Hl  at  I^  llw.  The  amount 
of  ajphnll  per  miliar**  s-nr*!  af  fh<»  li-fnii^rn- 
T'lr.'    .ii'ltUeil    WHi*    ^      ■     .      '"  ' 

"     -  -    itiill"in« 

1    K  ■::   II  "f  111'-  "•! 
k    Iba. 


TAB-SHC,     TAR»:i>    SLAC,     ASI«     TSRSEn     5t_AC- 
LIMESTO.M. 

I  \periments    wert-    inaur     .11     Hir- 
■11,   -Ma  ,  in  l!Hi8  on  a  road  known  as 

....      .     .:ik     p.. .1.1     r...,l        Tt.i.     ,.     >\.r-      .t,..r.,»t 

route  from    '■■  e 

road   is   sub.  'ic 

of  drays  and  automobiles  In  these  experi- 
ments the  old  road  was  entirely  recon- 
structed. .\  '2-1-ft.  tar-treated  macadam, 
with  ."i-ft.  shoulders  was  built  and  the 
grades  were  reduced  to  less  ihan  '>  per 
cent.  The  materials  employe<l  were  blast- 
furnace slag,  limestone,  and  tar.  The  slag 
was  produced  at  the  neighboring  town  of 
Bessemer.  It  was  hard  and  acidic  in  char- 
acter and  contained  a  large  percentage  of 
glass.  The  limestone  was  quarried  and 
shipped  from  a  point  about  40  miles  south 
of  Birmingham.  The  tar  was  obtained 
from  by-product  coke-ovens  and  was  pro- 
duced at  a  low  temperature.  It  had  the 
properties  given   below: 

Spwinc   Jtmvlty.    2r.°  C./25'   C 1169 

.\mmonlacal    water,    per    cent    by    vol- 
ume         3.1 

ToihI  liirht  olla  to  170°  C.  per  cent  by 
volume    16.3 

Total  dead  olla,   170'-270*  C,   per  cent 
tiy    volume    30.7 

I'lleli    residue    by    dirTerenee.    per   cent 
by   volume    49.9 

Total     ...100.0 

I'lteh   residue,    per  cent   tiy   weight 55.0 

Insoluble    In    90    per    cent    benzol,    per 

ei-nt      6.7 

This  was  a  crude  coal  tar,  and  when 
cold  about  three-fourths  of  both  light  oils 
and  dead  oils  solidified.  The  pitch  residue 
was  dense,  lustrous  and  brittle  at  ordinary 
temperature.  Had  it  been  practicable  to 
distill  off  the  ammoniacal  water  and  total 
light  oils  a  much  more  suitable  product 
would  have  been  obtained  for  this  kind  of 
work. 

Experiment  \o.  I. — Tarred  Slag-Lime- 
stone Macadam. — In  this  experiment  a  sec- 
tion ".ift  ft.  in  length  was  constructed  in 
three  courses.  The  first  course  was  com- 
posed of  slag  as  it  comes  from  the  pit. 
placed  5\4  in.  deep  at  the  center  and  4V4 
in.  deep  at  the  edges,  .\ffer  rolling,  a  sec- 
ond course  of  the  same  material  was  laid 
4%  in.  deep  at  the  center  and  -l^i  in.  deep 
at  the  edges.  This  course  was  also  rolled, 
after  which  slag  screenings  were  applied 
and  rolled  in.  It  was  noticed  that  the  slag 
by  itself  did  not  bond  even  when  rolled 
after  a  heavy  rain.  .Xfter  the  road  had  be- 
come thoroughly  dry.  the  tar  was  heated 
in  a  G-barrel  kettle  and  applied  at  a  tem- 
perature of  about  175°  F.  It  was  poured 
over  the  surface  at  the  rate  of  1  gallon  per 
square  yard  by  means  of  common  watering 
f>ots  fitted  with  fan- shaped  nozzles.  .\ 
light  course  of  limestone  screenings  was 
then  spread  over  the  tar  to  prevent  it  from 
sticking  to  the  roller.  The  tarred  surface 
was  rolled  until  consolidated  as  well  as 
possible.  The  lower  courses,  however, 
waved  and  tended  to  disrupt  the  surface 
liond  if  rolling  was  carried  on  for  two  long 
:•   lime, 


Frl-.-riment  Xo.  1. —  Tarred  Slag-Lime- 
tdam. — Knr  Kxi>eriment  No.  2  a 
■">  ft    in  I'-nR'h  wa»  '•'•I'-.rted.  The 

ex- 
:  of 
i    V'    IT    111    trifiirii   iiiii<  1    in- 

deep  at  center  and  '1  in.  •:  ;^e*. 

.\fter  being  roll*-!     .   il  1  .     -j  to 

1   in.  crushed  I:  !  to  the 

depth  of  1  in.  ..  th.    The 

tar  was  then  applied  as  before.  .'Vfter 
standing  for  a  few  days,  limestone  screen- 
ings were  applied  and  rolled  in. 

Experiment  So.  3 — Tarred  Slag  Ma- 
cadam.—\n  Experiment  No.  .3  a  section  450 
ft,  in  length  was  treated  in  the  same  man- 
ner as  in  .\'o.  1.  except  that  the  second 
ciiurse  was  composed  of  crushed  slag  which 
had  passed  a  H4-in.  screen  and  been  re- 
tained by  a  1-in.  screen.  This  section  re- 
quired the  same  amount  of  slag  screen- 
ings as  the  first  and  the  immediate  results 
were  quite  similar.  .Sections  cut  from  this 
road  showed  that  the  tar  had  penetrated 
for  about  IH  in.  and  that  the  voids  in  the 
lower  courses  had  been  well  filled  with 
fine  material. 

Experiment  So.  4. — Tarred  Slag  Macad- 
am.— Experiment  No.  4  was  made  upon  a 
section  9(»f>  ft.  in  length,  the  first  two 
courses  of  which  were  laid  and  rolled  in 
the  same  manner  as  was  described  for  No. 
I.  Tar  was  applied  as  before  and  slax 
screenings  spread  after  the  tar  had  stood 
for  two  or  three  days.  .As  this  was  the  last 
part  of  the  road  to  be  constructed,  and  as 
the  weather  conditions  at  that  time  were 
exceedingly  unfavorable  it  was  found  im- 
possible to  finish  the  sectinn  satisfactorily. 
.■\  length  of  17,">  ft.  of  this  section  was 
treated,  however,  with  a  second  application 
of  tar  at  the  rate  of  <^.h\  gallon  per  square 
yard  and  produced  better  results. 

Experiment  So.  5. — Tar  Slag  Macad- 
am.— In  Experiment  No.  5  a  section  100  ft 
in  length  was  constructed  in  the  same  man- 
ner as  in  No.  3.  with  the  exceptions  that 
the  second  course  was  only  one-half  as 
thick  and  that  a  hot  mixture  of  slag  and 
tar  was  applied  to  the  first  course  in  suffi- 
cient quantity  to  bring  the  surface  to  the 
same  grade  35  in  the  adjoining  section.  Slag 
screenings  in  the  proportion  of  '2h  per  cent 
were  added  to  the  coarse  slag  while  being 
mixed  with  the  tar,  and  It>  gallons  of  tar 
was  mixed  with  every  cubic  yard  of  slag. 
The  tar  and  slag  were  both  heated  and 
mixed  in  a  mastic  kettle.  Owing  to  the 
same  '    '      ~  as  have  been  described  un- 

der   ■  --.x    No.    4,    the    results    were 

not V.  ;y.    The  cost   data   for  these 

experiments  will  be  found  in  Table  V. 

K.XPFRIVIKXT.M.    SASIl-CLAV    tOAPS. 

In  the  semiariil  portions  of  Kansas  and 
Nebraska  there  is  an  extensive  area  of 
sand  hills.  These  hills  are  usually  parallel 
to  the  ri\  '  width  from  a  few 

hundrnl  i   miles.    Ther  are 

continuall.    ......  '-      ••  '  '•'•nee 

road   building   in   ti  •    ult 

problem.   Good  roa^i  and 


TABLE   V. — MlSrH  I.SSrol-s    PATA    Of  tXI>E«rM  FSTS    AT   ni«MIN'.ll\M      M.A 

Coal  per  ■'ont  per        Total 

Iii-fii  "•ii  Mill  .1    vl      ^1    v.N      !*<4.  yd  •  coat. 

Kx-avnilon    lO.JM       I  4.7S5.74 

l«rTii!>.    nn.l   el*>nrtn*  037  ''?  f? 

S'  

S  n) 


•.f   tar        

illfiK.  and  repalrliur  mael>ln«*r>' 
I  ,,;,i     ■■::o     repalra,    aprlnkllnc    •' 
Waiehman    


'>n  nt.M 


I13,:£l  06 


rn|[a   total   coat    per  aquar*   yard   traa  tl.lO. 
tThr  number  of  fallon*  of  tar  applied  waa    13,700.  at  a  coat  of  10  03S4   per  gallon. 
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tlie  country  is  sparsely  settled.  In  many 
localities  there  are  no  road  materials  ex- 
cept an  alkali  soil,  gypsum  clay,  or  a  gum- 
bo-like sedimentary  clay. 

Experiment  at  Garden  City,  Kan. — At 
this  point  sand  hills  run  parallel  to  the 
Arkansas  River  on  the  south  side  and  form 
a  strip  nearly  7  miles  wide.  A  careful  in- 
spection of  the  vicinity  revealed  no  avail- 
able road  material  except  occasional  depos- 
its of  gy-psum  clay  distributed  irregularly 
across  the  sandy  belt.  From  two  of  these 
deposits  was  taken  the  material  used  in  the 
construction  of  the  road  at  this  place.  The 
first  pit  was  opened  about  900  ft.  east  of 
the  road  and  the  other  near  the  roadside. 
From  the  first  pit  08  cu.  yds.  was  hauled, 
but  it  W'as  then  abandoned  because  of  the 
distance  of  haul  and  because  the  clay 
showed  a  lack  of  binding  power.  The  road 
was  completed  with  material  from  the  sec- 
ond pit.  The  farther  down  in  the  pit  the 
stickier  was  the  clay  and  the  better  it  com- 
pacted after  the  addition  of  sand. 

The  problem  to  be  solved  in  this  case 
was  the  best  method  of  handling  the  local 
material,  gypsum  clay,  so  as  to  produce 
a  road  with  a  wearing  surface  capable  of 
resisting  the  action  of  the  constant  winds, 
which  are  generally  from  the  south.  For 
this  experiment  a  section  of  road  765  ft. 
long,  situated  on  the  slope  of  a  sand  hill, 
was  selected. 

The  clay  was  hauled  directly  upon  the 
road,  down  the  center  of  which  a  width  of 
12  ft.  had  been  staked.  The  clay  covering 
was  spread  to  a  depth  of  about  9  in.  im- 
mediately after  it  had  been  dropped  on  the 
road.  The  clay  was  hauled  over  the  loads 
previously  deposited  and  all  holes  so  made 
were  filled  at  once.  Traffic  was  allowed 
upon  it  and  this  compacted  the  clay  firmly. 
During  the  time  of  hauling  the  clay  no  rain 
fell,  but  after  the  hauling  was  completed  a 
heavy  rain  soaked  the  clay  and  the  road 
was  finished  as  follows.  While  the  road 
was  wet  a  spike-toothed  harrow  was  put 
on  and  tlie  clay  completely  pulverized.  Then 
five  furrows  were  backfurrowed  on  each 
side  of  the  clay,  thus  raising  the  sand 
shoulders  above  the  clay  center.  A  split- 
log  drag  was  now  put  on  the  road  and  the 
■sand  thus  raised  by  plowing  was  pulled 
from  the  shoulders  upon  the  clay  and  thor- 
oughly incorporated.  The  road  was  then 
smoothed  and  left  for  travel. 

While  the  construction  of  this  road  fol- 
lowed closely  the  ordinary  method  of  sand- 
clay  construction,  still  there  were  soine 
variations,  owing  to  the  peculiar  conditions 
to  be  met,  as  has  already  been  explained. 
It  was  believed  that  a  surface  was  neces- 
sary which  would  resist  the  occasional 
heavy  showers  incident  to  this  climate  and 
at  the  same  time  the  action  of  the  winds. 
Therefore,  the  clay  having  the  greatest  te- 
nacity was  selected.  Because  of  the  dryness 
of  the  climate  it  was  deemed  best  to  pro- 
portion the  clay  far  in  excess  of  the  sand. 
While  the  clays  available  may  not  be  alto- 
gether desirable,  still  any  clay  that  will 
pack  under  traffic  will  improve  greatly  the 
heavy  sands  found  in  this  locality. 

The  cost  data  of  this  experiment  follow, 
and  the  miscellaneous  details  of  all  four 
sand-clav  experiments  are  shown  in  Table 

VI. 

Per 
Total,     cu.  yd. 

Stripping  clay   in  pit $  7.17  $0,024 

Plowing  up  clay  in  pit    10.50  .040 

I.,oading   clav   into   wagons....  33.00  .129 

Hauling   clay    to   road 39.50  .154 

,  Spreading  clay   on   road 10.00  .037 

Sanding,    harrowing,    and    fin- 
ishing  road    2.33  .009 

Cost   of  clay  on   road   per   cu. 

yd .40 

The   cost   per   square   yard   of  part   clayed 

was    10   cts.    and    the   rate     per     mile     was 

$707.45. 


T.\BLE    VI. — MISCELL.\NE0US    D.'MA    OF    S.^ND-CLAY    EXPERIMENTS. 


Place. 

Garden    City    

Dodge    City    

Bucklin    

Ford     

•Depth  of  clay  and  sand 


Clay 

Entire 

Width 

Depth 

hauled    Sur- 

Length  of 

width 

of 

of 

to        face 

road 

of 

clayed 

clav 

road,  clayed 

treated. 

road. 

part. 

layer. 

Cu.         Sq. 

Feet. 

Feet. 

Feet. 

Ins. 

vds.        yds. 

765 

30 

12 

9 

256           1.020 

9.750 

30 

14 

•11 

3,703         15.167 

4.271 

30 

14 

12 

1,SS3           6,644 

350 

30 

ir, 

13 

.^79               622 

Experiment  at  Dodge  City,  Kans. — The 
same  natural  conditions  exist  here  as  at 
Garden  City,  and  the  sand  hills  are  on 
the  same  side  of  the  river,  though  only  two 
miles  wide.  A  section  of  the  road  leading 
to  Mineola,  Kans.,  was  selected,  and  after 
the  work  was  started  the  citizens  became 
much  interested  and  urged  that  the  entire 
two  miles  be  hard  surfaced.  This  was 
done. 

The  general  plan  of  construction  at  this 
place  was  similar  to  that  at  Garden  City. 
A  deposit  of  clay  was  found  near  the  mid- 
dle of  the  section  to  be  improved,  formed 
from  silt  from  an  old  irrigation  ditch  no 
longer  in  use.  The  water  had  been  al- 
lowed to  run  into  a  large  basin,  and  about 
four  acres  were  covered  to  a  depth  of  18 
ins.  with  this  fine  silt.  It  had  tlioroughly 
dried  out,  so  that  when  plowed  up  it  was  in 
excellent  sliape  for  handling  with  shovels. 
This  material  was  almost  gritless  and  be- 
came very  sticky  when  wet.  Although  this 
may  be  regarded  as  an  unusual  condition 
m  this  locality,  nevertheless  results  may 
prove  it  expedient  to  use  a  river  silt  for 
road  purposes  in  other  irrigation  districts 
when  practicable.  If  this  material  had  not 
been  found  the  road  would  have  cost  fully 
50  per  cent  more. 

The  entire  roadway  was  30  ft.  wide.  In 
the  center  of  this  a  14-ft.  track  for  clay 
was  laid  out  by  plowing  two  furrows  14  ft. 
apart.  The  dirt  was  thrown  out  toward  the 
side  gutters,  Beginning  at  the  middle,  the 
14-ft.  part  was  plowed  by  backfurrowing 
the  dirt  toward  the  center.  This  formed 
a  crown  in  the  middle  of  the  part  to  be 
clayed.  Next,  this  was  harrowed  and  the 
subgrade  completed  with  a  small  grader. 
The  shoulders  were  then  made  by  running 
a  furrow  outside  the  subgrade  and  backing 
up  the  first  furrow  on  each  side.  Two  more 
such  furrows  were  run,  and  in  this  way  the 
shoulders  were  formed  at  least  10  ins.  high- 
er than  the  subgrade.  If  the  cross  section 
is  level,  a  toothed  harrow  is  excellent  to 
prepare  the  subgrade  after  it  has  been 
plowed  as  has  been  described  above.  When 
it  is  necessary  to  move  material  from  one 
side  to  the  other,  or  to  carry  material  along 
in  the  subgrade,  a  2-horse  grader  will  be 
found  useful. 

After  the  subgrade  had  been  prepared  the 
clay  was  hauled  and  dropped  three  loads 
abreast.  The  center  loads  followed  the 
center  line  exactly,  and  to  this  end  a  line 
of  center  stakes  was  set  200  or  300  ft.  in 
advance  of  the  clay  hauling.  It  was  then 
an  easy  matter  to  drop  the  side  loads  prop- 
erly. It  is  best  to  keep  the  center  loads  30 
to  50  ft.  in  advance  of  the  side  loads.  In 
this  way  three  teams  may  be  kept  busy  at 
the  same  time.  In  order  to  get  a  sufficient 
sand  covering  upon  the  road,  drag  scrapers 
were  used  and  sand  hauled  from  beyond 
the  borders  of  the  roadway.  It  was  then 
spread  with  a  harrow  and  a  2-horse  grader 
evenly  over  the  road  and  mixed  with  the 
dust  and  fine  particles  of  clay.  After  a  rain 
the  sand  was  quickly  incorporated  with  the 
clay.  Still  more  sand  was  evidently  needed, 
and  this  was  harrowed  into  the  clay  as  the 
mass  dried  and  packed  under  travel.  Final- 
ly, a  large  grader  was  used  to  shape  the 
road. 


As  has  been  stated  above,  the  clay  at  this 
place  was  rather  more  of  an  accident  than 
a  natural  condition  of  wide  extent;  still  it 
is  of  sufiicient  importance  to  justify  a  care- 
ful study  of  its  behavior  on  the  roail.  It 
would  be  an  easy  matter  to  provide  settling 
basins  along  irrigation  canales  where  this 
fine  silt  could  be  collected,  and  after  the 
water  had  been  shut  off  the  clay  thus  de- 
posited could  be  hauled  upon  the  road.  In 
this  way  large  quantities  of  material  could 
be  provided,  and  if  its  use  proves  as  valu- 
able as  indications  seem  to  show,  much 
good  may  be  expected  from  this  source  in 
the  improvement  of  heavy  sand  roads  along 
irrigation  ditches.  In  this  experiment  the 
silt  combined  readily  with  the  sand  when 
wet  and  held  it  firmly.  The  addition  of 
sand  took  away  its  sticky  qualities. 

The  cost  data  of  this  experiment  follow : 

Foreman    for   job $      51.50 

Excavation    (2,539   cu.   yds.) 396.69 

Shaping    subgrade 70.00 

Plowing  up  clay 54.S75 

Loading  clay  into  wagons 470.00 

Hauling  clay  to  road 608. 3S 

Spreading  clay  on  road 93.00 

Harrowing  and  mixing  clay  and  sand  6.00 

Sanding  road  and  building  shoulders      107. 6S5 

Dressing. road  with  grader 27.00 

Work  on  bridge,   timber,   etc 50.53 

Repairs,  water  boy.  and  sundries...         52.75 
Cost  per  square  yard  of  part  clayed.  .138 

Rate  per  mile   1,135.83 

By  reference  to  Table  VI  it  will  be  seen 
that  3,703  cu.  yds.  of  clay  were  used  on  the 
road.  The  itemized  cost  of  this  clay  was  as 
follows : 

Per 

cu.  yd. 

Total.      clay. 

Plowing  up  clay $54,875     $0,015 

Loading  clay  into  wagons 470.00  .127 

Hauling  clay  to  road 608.38  .164 

Spreading  clay  on   road 93.00  .025 

Harrowing  and  mixing  clay  and 
sands    6.00  .001 

Total    $0,332 

Experiment  at  Bucklin,  Kans. — For  this 
experiment  a  portion  of  the  road  leading 
from  Bucklin  to  Spearville  was  selected.  It 
was  on  the  south  side  of  the  Arkansas 
River,  as  in  the  preceding  cases.  The  gen- 
eral plan  of  construction  was  identical  with 
that  used  at  Dodge  City,  but  the  clay  was 
of  a  different  quality.  At  the  south  end  of 
the  road  a  clay  was  used  which  proved  to 
be  a  kind  of  buckshot.  It  hardened  well, 
although  the  surface  appeared  to  be  of  a 
loamy  character  and  blistered  badly  at  first, 
though  later  it  packed  and  gave  promise 
of  durability.  After  removing  the  surface 
of  the  clay  pit  to  a  depth  of  12  ins.  the 
character  of  the  clay  changed  materially 
and  it  promised  to  be  an  excellent  road 
material.  At  first  it  was  feared  that  it 
might  lack  the  necessary  binding  power, 
but  as  it  was  the  only  material  within  a 
mile  of  the  road  its  use  was  begun  as  an 
experiment.  When  the  pit  was  lowered  30 
ins.  the  clay  became  excellent  in  quality. 
This  pit  was  loecated  at  the  highest  point  on 
the  road  and  its  use  proved  a  great  econ- 
omy because  of  the  ease  of  haul.  From 
a  place  near  the  other  end  of  the  road  an 
alkali  clay  was  hauled  upon  the  sand  at 
that  end.  A  section  0.771  ft.  long  was  laid 
out  and  plowed  and  the  subgrade  shaped 
ready  for  the  clay.  Of  this  distance,  a  sec- 
tion 4,271  ft.  long  was  improved  and  a  sec- 
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•  £1    Ich  10  be  improved  by  ihc       ''I'*',  «l""y.,an««  on  the  whole  n..i  vcrv  «.-       .,meH  Hv  fho  f«a^  v,rf:,rr  ^,-rnM.,n3!Iv  fe.J 
^  are  the  co«t  <Jaia  of  Ihit  r^ 


the    « 


l*liiu  Iricf      >iii     it.  V 


this  portion 
Total.  Cu.  Yd. 

'  ■  lo.oos 

Hi 
.1*3 
.023 

tons 

i,   Kan.~M    Ford   a 

ihr    sniith    .-ipproach 

River 

■  rrnl- 


■  re  clay  i 

i   treated   u  1 
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Unclassified  and  General  Articles 


Note:  This  section  is  devoted  to  methods  and  cost  articles  on  construction 
work  n«t  properly  coming  under  any  of  the  preceding  classifications. 


Methods  of  Snow-Fighting    on   Rail- 
roads.* 

BY    A.    W.    WHEATLEY. 

Conditions  in  various  parts  of  the  coun- 
try, from  a  snow-fighting  standpoint,  differ 
to  a  considerable  extent.  For  instance, 
conditions  in  the  middle  West  differ  from 
those  in  the  extreme  Eastern  and  Western 
sections  of  the  country,  owing  to  the  na- 
ture of  the  snow  and  the  extreme  cold 
which  invariably  follows  a  snow-storm  or 
blizzard.  Consequently,  different  methods 
must  be  followed  in  keeping  a  railroad 
open. 

Care  must  be  taken  by  the  officials  of 
the  mechanical  department  to  have  snow- 
plows,  in  fact  all  snow-fighting  equipment, 
in  readiness  at  a  date  not  later  than  No- 
vember 1,  knowing  that  the  equipment  has 
been  thoroughly  overhauled  during  the 
summer  months,  this  being  a  matter  of 
considerable  importance:  at  the  same  time, 
operating  officials  should  have  snow-fences 
in  good  condition. 

Crews  should  be  selected  for  rotary  serv- 
ice, and  regularly  assigned,  if  necessary. 
Rotary  snow-plows  should  be  fired  up  and 
thoroughly  tested.  This  should  be  repeat- 
ed occasionally,  in  the  event  of  machines 
not  being  put  into  actual  service.  A  sup- 
ply of  extra  or  repair  parts  should  be  put 
into  stock  and  carefully  maintained  during 
season,  for  in  many  instances  roads  have 
been  blocked  for  hours  because  of  not 
having  repair  parts  to  apply  to  plow  to 
replace  those  which  have  failed.  Flangers 
should  be  applied  to  locomotives  assigned 
to  flanger-service,  and  thoroughly  tested. 

Where  the  old  type  of  wedge-plow  at- 
tached to  a  locomotive  is  used,  we  feel  that 
it  is  better  to  use  it  in  precisely  the  same 
w-ay  as  you  would  use  a  Russell  or  similar 
type  of  plow ;  in  other  words,  disconnect 
tiie  engine,  stripping  same  all  possible,  and 
use  live  power  behind  it  for  pushing.  Very 
little  is  gained  in  power  by  use  of  the  plow- 
engine,  and  it  is  a  source  of  considerable 
annoyance  and  expense  at  the  terminals, 
to  sav  nothing  of  delays,  sometimes  result- 
ing in  the  tying  up  of  a  road.  When  used 
as  a  push-plow,  and  handled  by  another 
locomotive,  it  can  be  set  aside  at  the  com- 
pletion of  its  work  without  taking  up  a 
stall  in  the  roundhouse,  and  when  in  actual 
service  is  not  subject  to  failure;  it  also 
eliminates  the  necessity  of  taking  the  plow 
to  the  roundhouse  for  thawing  out  pur- 
poses, etc.,  and  making  certain  repairs  tc 
the  engine. 

To  cope  with  drifts  15  to  20  ft.  high, 
something  besides  brute  force  is  required. 
The  old  method  of  bucking  drifts  of  this 
kind  with  the  wedge  plow  pushed  by  sev- 
eral heavy  locomotives,  resulted  in  many 
casualties  among  the  railroad  men  engaged 
in  the  dangerous  work.  The  Rotary  is  the 
best  adapted  for  such  work,  and  will  bore 
its  way  through  drifts  packed  in  a  hard, 
icy  mass  with  perfect  safety  to  those  oper- 
ating. For  mountain  service,  because  of 
curves,  side  drifts  and  dangers  incidental 
to  high  speed,  it  is  indispensable. 

.Assuming  that  a  description  of  the  Ro- 
tarv  will  he  interesting,  we  offer  the  fo'- 
lovving:  The  engine  consists  of  two  ho-i- 
zontal  cvlinders,  with  slide  valv-  a'*-- '  ' 
bv  the  Walcheart  valve  gear.    The  boiler 


•A  paper  read  before  the  Canadian  Railway- 
Club. 


is  of  the  locomotive  type,  with  Belpaire 
firebox.  The  wheel  is  driven  by  means  of 
bevel  gears  on  the  main  shaft  and  on  the 
engine  shafts.  The  wheel  is  composed  of 
ten  hollow  cone-shaped  scoops,  the  sur- 
faces of  which  are  perfectly  smooth,  so 
that  it  is  impossible  for  the  snow  to  stick 
in  any  way.  Each  scoop  is  open  its  entire 
length  on  "the  front  side,  through  which  the 
snow  is  taken  in.  Knives  are  hinged  on 
each  side  of  the  opening,  arranged  so  as 
to  adjust  themselves  automatically  into  cut- 
ting position. 

The  wheel  is  encased  in  a  drum  with  a 
square  front  or  hood,  which  is  so  designed 
as  to  present  no  dead  surface  to  be  forced 
into  the  snow.  At  the  bottom,  the  hood 
projects  only  a  few  inches  in  advance  of 
the  cutting  blades  at  the  circumference  of 
the  wheel :  while  at  the  center  of  the  wheel 
the  knives  are  the  first  to  encounter  the 
snow.  As  a  result,  the  whole  front  of  the 
Rotary  is  a  sharp,  cutting  edge,  and  the 
power  required  to  push  the  plow  is  very 
much  decreased.  The  chute  in  the  top  of 
the  drum  is  provided  with  an  adjustable 
cover,  which  can  be  turned  to  suit  the  di- 
rection in  which  the  wheel  is  throwing  the 
snow. 

Another  excellent  feature  of  the  Rotary 
is  the  design  of  the  flangers  and  ice-cutters. 
It  has  been  proven  that,  with  the  ice  cut- 
ters and  flangers  in  perfect  order,  it  is  ab- 
solutely impossible  for  the  rotary  to  be  de- 
railed by  snow  or  ice.  The  ice  cutters  and 
flangers  are  connected  by  iron  rods  to 
cranks  on  the  balance  shaft,  and  may  be 
raised  and  lowered  by  means  of  an  air 
cylinder.  -A.n  auxiliary  steam  connection 
from  the  boiler  supplies  steam  to  the  Sang- 
er cylinder  in  case  the  air  nump  is  disabled 
while  the  Rotary  is  in  service. 

The  flangers  are  located  on  the  rear  end 
of  the  frame  of  the  front  truck,  and  are 
made  up  of  two  parts,  the  wings  and  the 
flanger  points.  The  flanger  points  which 
go  below  the  rails  are  bolted  to  the  under 
side  of  the  bottom  of  the  wings,  so  that  in 
case  they  strike  an  obstruction  other  than 
snow  or  ice.  the  bolts  will  be  broken  ofT 
and  no  other  injury  done  to  the  flanger. 
Extra  flanger  points,  with  suitable  bolts, 
are  carried  in  the  tool  box,  and  it  is  only 
necessary  to  replace  the  flanger  points  to 
put  the  flanger  again  in  perfect  working 
order.  Bv  thus  ensuring  against  delays 
due  to  the  wrecking  of  the  flangers  or  the 
ice  cutters,  a  most  important  advantage 
is  secured  and  the  eflSciency  of  the  rotary 
greatlv  increased. 

The  Rotary  is  equipped  with  Westing- 
house  air  brakes,  with  9%  in.  pump,  and 
large  reservoir  capable  of  supplying  both 
air  brake  cylinder  and  flanger  cylinder. 

In  active  service,  three  men  are  required 
to  operate  the  Rotary— a  pilot,  an  engineer 
and  a  fireman.  It  is  needless  to  state  that 
these  men  should  be  carefully  selected,  hav- 
ing in  mind  temperament  and  physical  con- 
dition. 

Except  in  the  most  extreme  cases,  one 
heavy  consolidation  locomotive  provides 
sufficient  power  to  push  the  Rotary. 

.\s  the  most  successful  operation  of  the 
Rotarv  depends  altogether  upon  the  man- 
ner ill  which  i»  is  handled,  it  is  therefore 
,..;.;,,„■; •'I  tli.-i;  th-  crew  of  both  the  Rotarv 
r'ud  ihe  pusher  should  be  especially  trained 
f.ir  the  work. 

Irasr.iuch  as  it  is  often  necessary  to  op- 


erate the  Rotary  for  a  longer  period  than 
it  is  possible  for  one  crew  to  continue  on 
duty  without  being  relieved,  an  extra  crew 
should  be  trained  to  handle  the  machine. 
The  responsibility  of  the  operation  of 
both  Rotary  and  snow-plow  train  should 
rest  upon  the  pilot.  He  should  determine, 
in  all  cases,  the  power  required  to  push  the 
Rotary.  Running  orders  should  be  ad- 
dressed to  the  pilot  and  engineer.  In  case 
a  conductor  is  sent  with  the  snow-plow 
train,  running  orders  should  be  addressed 
to  pilot  and  conductor. 

The  Rotary  should  never  be  coupled 
ahead  of  a  train.  If  this  is  done,  the  in- 
ability to  start  and  stop  quickly  enough 
may  result  in  the  jamming  of  the  Rotary 
into  a  hard  bank  and  disabling  it.  It  has 
been  found  by  experience  that  the  best 
practice  is  to  use  one  heavy  engine  to  push 
the  Rotary  instead  of  two  or  three  light 
ones.  To  successfully  operate  the  Rotary, 
it  should  be  fed  gradually,  and  not  bucked, 
into  the  snow. 

Actual  experience  has  convinced  the 
writer  that  locomotives  with  small  diam- 
eter driving  wheels  are  by  far  the  best 
adapted,  and  Rotary  plows  should  be 
equipped  with  as  large  a  water  tank  as 
possible. 

The  air  brakes  on  the  entire  snow-plow 
train  should  be  operated  and  controlled  by 
the  pilot  with  the  engineer's  valve  in  the 
pilot  house. 

The  pilot  should  control  and  operate  the 
flangers  and  ice  cutters,  and  should  be  re- 
sponsible for  their  proper  working  while 
in  service.  As  previously  stated,  it  has 
been  practically  demonstrated  that,  with 
flangers  and  ice  cutters  in  proper  working 
order,  it  is  impossible  for  the  Rotary  to  be 
derailed  by  snow  or  ice.  Too  much  stress, 
therefore,  cannot  be  laid  upon  the  neces- 
sity of  taking  every  precaution  to  keep  both 
in  working  order.  Before  starting  out,  the 
pilot  should  see  if  flanger  points  or  shear- 
ing bolts  in  the  ice  cutters  need  to  be  re- 
placed. The  flangers  should  always  be 
raised  when  running  the  Rotary  over  a 
clear  rail  or  in  drawing  it  back  over  the 
line. 

The  steam  whistle  on  the  Rotary  should 
be  used  for  signalling  the  engineer  on  the 
pusher,  and  the  air  signal  for  signalling  the 
engineer  on   the  Rotary. 

The  engineer  on  the  pusher  should  never 
start  the  train  until  the  pilot  has  given  the 
proper  signal. 

Before  starting  the  train,  the  pilot  should 
first  see  that  the  flangers  are  raised,  and 
then  give  the  signal  to  the  engineer  on  the 
Rotary  to  start  the  wheel.  The  signal  to 
start  the  train  should  never  be  given  until 
the  wheel  of  the  Rotary  has  been  started 
and  is  running  in  the  direction  in  which 
the  chute  is  opened. 

The  engineer  on  the  Rotary  should  never 
take  his  hand  off  the  throttle  lever  while 
the  train  is  in  motion.  The  wheel  of  the 
Rotary  should  never  be  run  while  it  is  on 
a  turntable  or  crossing  a  bridge  or  trestle. 
Because  of  the  overhanging  weight  at  each 
end.  both  Rotary  and  pusher  should  shut 
off  before  entering  upon  a  bridge  or  trestle. 
The  Rotary  should  never  be  run  into  a 
snow  bank  at  a  speed  of  over  three  or  four 
miles  an  hour. 

When  within  50  ft.  of  a  bank  the  pilot 
should  signal  the  engineer  on  the  Rotary 
ahead,  which  should  be  the  signal  for  him 
to  regulate  the  speed  of  the  wheel  with 
the  throttle  and  reverse  lever  to  about^loO 
revolution?  per  minute.  When  about  5  ft. 
from  the  bank,  the  pilot  should  give  the 
second  signal  for  the  Rotary  to  come 
ahead,  and  the  engineer  should  then  in- 
crease the  speed  of  the  wheel.  When  the 
Rotarv  strikes  the  snow,  the  pilot  should 
signal   the   pusher   ahead.     If   he   finds   the 
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to  this,  however,  being  branch  line  service. 
Ill  vards,  we  feel  th.jt  .t  h  a-i  .,11,  -nit>-h- 
iiii;  engine  should  h  .;cr, 

as  a  clear  rail  and  ti      .  im- 

portance in  the  yard  as  on  ilic  iiiajii  line. 
We  feel  that  not  enough  attention  is  given 
to  yards,  and  the  importance  of  clear  tiange 
not  fully  appreciatra. 

Snow  fences  arc  of  inestimable  value  in 
a  country  where  bad  storms  arc  encoun- 
i.r.,l  ..,.|  the  snow  likely  to  drift  The 
c  of  snow  fences  is  a  matter  of 
le  importance.  Many,  tie-ups  or 
blockades  have  been  caused  by  neglect  or 
failure  to  have  snow  fences  in  lirst-class 
condition.  In  sections  of  the  country  sub- 
ject to  severe  winters,  it  is  not  uncommon 
to  have  two  or  three  mild,  or  open,  win- 
ters in  succession  This  tends  to  make 
divisional  officers  indifferent  to  snow 
fences,  and  the  first  thing  they  know  a 
severe  storm  is  upon  them,  and  their  por- 
tion of  the  road  is  buried,  resulting  in  loss- 
es of  thousands  of  dollars  to  the  railroad 
company. 

Little  can  be  said  on  this  subject  appli- 
cable to  the  extreme  eastern  and  western 
sections  of  the  country.  Such  extreme 
measures  are,  of  course,  unnecessary,  but 
in  flanging  service,  conditions  are  al".r.t  the 
same;  therefore,  what  has  been  said  in  this 
respect  can  be  applied  to  all  sections  of  the 
country  subject   to  heavy  snows. 


Methods  and  Cost  of  Making  Triangu- 

lation  and  Plane  Table  Surveys, 

Grand  Valley   Irrigation 

Project.* 

During  the  spring  ..i  IIKW  a  triangiilation 
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TAPLE  II.— COST  OF  PLA.VE  TABLX  TOP0C«APHIC 
SL-RVEV,  CTAXD  VAIXEY    FSOJECT. 
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Cost  of  Constructing  a  Wood  Flume 

4,303  Feet  Long,  Klamath 

Irrigation  Project.'- 

The  flume  is  4,303  ft.  long,  and  has  an 
inside  width  of  11  ft.  and  inside  height  of 
5%  ft. ;  it  rests  on  concrete  piers  with 
rubble-stone  foundations,  and  is  built  of 
red  fir  lumber.  Of  Class  1  lumber,  for  the 
framework  of  the  flume,  44-2,000  ft.  B.  M. 
were  purchased  at  $15.50  per  thousand,  de- 
livered. Measurement  after  construction, 
however,  showed  only  438,000  ft.  B.  M. 
in  place,  and  thus  indicated  a  waste  of 
4,000  ft.  B.  M.  Of  Class  2  lumber,  for  lin- 
ing the  flume,  60,000  ft.  B.  M.  were  pur- 
chased at  $30.50  per  thousand  delivered, 
and  -227,000  ft,  B.  M.  at  $19  per  thousand, 
making  a  total  purchase  of  287,000  ft.  B.  M. 
Measurement  after  construction  showed 
284,200  ft.  B.  M.  in  place,  thus  indicating 
a  waste  of  2,800  ft.  B.  M. 

The  concrete  piers  and  stone  foundations 
were  built  by  force  account.  The  piers, 
1,091  in  number,  are  18  ins.  higli,  24  ins. 
square  at  the  base,  and  12  ins.  square  at 
the  top,  and  rest  on  rubble  foundations  3 
ft.  square. 

The  total  costs  on  which  the  tabulated 
unit  costs  are  based  are  $21,000  for  the 
flume  proper  and  $6,995.88  for  the  founda- 
tions ;  in  addition,  however,  there  were 
costs,  not  distributed  in  the  unit  costs,  of 
$174.96  for  a  spillway  and  $347.54  for  mis- 
cellaneous expenditures,  making  a  total 
cost  for  the  wliole  structure  of  $-28,518.38, 
or  $6.04  per  lin.  ft.  of  flume. 

KL.\MATH      PROJECT,      TIMBER      FLUME,      UNIT 


Lumber  in  Flume 

place,  per  M  ft.  B.  M.  per  lin. 

Distribution           Class  1.  Class  2.  ft. 

of                     438,000  ft.  2S4.200  ft.  4,303 

cost.                       B.  M.  B.  M.  ft. 
Carpenter  work... 

Superintendence    . .   $0.46  $1.02  $0.11 

Labor: 

Carpenter  work  ...      5.97  4. S3  .93 
Distributing    t  i  m- 

bers     63  .63  .11 

Miscellaneous    21  .17  .03 

Material: 

Lumber  delivered..   15.64  21.60  3.02 

Bolts  and  washers.       .36  .04 

Nails   and    spikes..       .94  .94  .16 
Engineering      and 

inspection     2.91  2.91  .50 

Totals    for   flume 

proper    $27.12  $32.10  $4.90 

Piers  and   foundations 1.62 


$6.52 

♦Reprinted  from  the  "Reclamation  Record" 
for  May,   1909. 


The  grand  total  of  Isthmian  Canal  ex- 
cavation during  the  month  of  April  was  3,- 
454,649  cu.  yds.,  607,983  cu.  vds.  less  than 
the  total  fo'r  March,  1909,  the  month  in 
which  the  highest  record  since  American 
occupation  was  made.  Of  the  3,454,649  cu. 
yds.,  3,343,709  were  chargeable  to  actual 
canal  construction  and  110,940  to  "plant." 
The  amount  removed  from  the  canal  prism 
was  2.985,134  cu.  yds.  Tliore  were  taken 
out  by  steam  shovels  2,137,851  cu.  yds.,  and 
by  dredges  1,316,788.  The  daily  average 
excavation  was  138,185  cu.  yds.  There 
were  25  working  days  during  the  month, 
against  27  in  March.  The  mean  rainfall  for 
the  month  in  the  territory  in  which  excava- 
tion was  in  progress  was  4.36  ins.  as  com- 
pared with  1.1  ins.  the  previous  month. 


Recently  some  natural  cement  concrete 
work  in  the  habor  at  Brest.  France,  was 
removed.  This  concrete  had  been  covered 
with  sea-water  for  100  years.  Iron  bars 
embedded  in  the  concrete  did  not  show 
the  least  indication  of  rust,  showing  that 
concrete  is  a  perfect  preservative  of  iron. 


Personals. 

Mr.  Clay  Belsley  has  been  appointed  City 
Engineer   of   Peoria,   111. 

Mr.  Charles  ^W.  Comstock  has  been  ap- 
pointed State  Engineer  of  Colorado. 

Mr.  A.  L.  Webster  has  been  appointed 
City  Engineer  of  Wheaton.  111.,  and  has 
also  been  elected  County  Surveyor  of  Du 
Page    County,    111. 

Mr.  Alexander  Potter,  consulting  and  con- 
structing engineer,  has  removed  his  ofBce 
from  143  Liberty  St.,  New  York  City,  to 
114    Liberty    St.,    that   city. 

C.  O.  Nutter  has  resigned  his  position  in 
the  City  Engineer's  Department  of  -R'ausau. 
Wis.,  to  accept  a  pusiiion  with  the  V.  S. 
Government  as   Timber   Cruiser. 

Mr.  F.  W.  McKellip.  who  has  for  several 
years  been  connected  with  the  Engineering 
Department  of  the  Great  Northern  Railway, 
has  been  elected  City  Engineer  of  Faribault, 
Minn. 

T.  Kennard  Thomson,  M.  Am.  Soc.  C.  E., 
Consulting  Engineer,  50  Church  street.  New 
York,  has  been  retained  by  the  Erie  R.  R. 
as  Consulting  and  Supervising  Engineer  for 
the   Penhorn   Creek   Viaduct. 

Mr.  F.  L.  Nicholson  has  been  appointed 
Chief  Engineer  of  the  Norfolk  &  Southern 
Ry..  in  charge  of  construction  and  mainte- 
nance of  way  and  structures.  His  head- 
quarters  will   be  at  Norfolk,   Va. 

Mr.  M  L.  Newton,  Chief  Engineer  of  the 
Waterloo,  Cedar  Falls  &  Northern  Ry.,  has 
been  appointed  Consulting  Engineer.  Mr. 
T.  E.  Rust,  heretofore  Assistant  Engineer 
of  the  Chicago  Great  Western  Ry.,  succeeds 
Mr.   Newton. 

Mr.  F.  C.  Engles-ng,  of  Port  Gibson.  Miss., 
is  now  in  charge  of  locating  the  Madeira- 
Mamore  Railway  in  Brazil.  Mr.  P.  H.  Ash- 
mead  is  Chief  Engineer,  and  Mr.  Engle- 
sing  is  Assistant  Chief  Engineer,  having 
charge  of  the  work  in  the  field.  May  & 
Jekyll  are  contractors  for  this  road. 

Mr.  M.  S.  Ketchum,  M.  Am.  Soc.  C.  E.. 
dean  of  the  College  of  Engineering  and  pro- 
fessor of  Civil  Engineering  in  the  University 
of  Colorado,  has  been  granted  a  leave  of  ab- 
sence for  the  next  college  year  by  the  re- 
gents of  that  institution.  During  his  ab- 
sence Professor  Ketchum  will  be  associated 
with  Mr.  H.  S.  Crocker.  M.  Am.  Soc.  C.  E.. 
Consulting  Engineer,  Sll  17th  St.,  Denver, 
Colo. 

Mr  FVank  L.  Getman.  Assoc.  M.  Am.  Soc. 
C.  E  ,  and  Mr.  Thomas  M.  Keene.  of  Havana. 
Cuba,  have  entered  into  partnership  under 
the  firm  name  of  T.  M.  Keene  &  Co..  with 
headquarters  at  Havana.  The  new  firm  will 
deal  in  construction  supplies  and  engage  in 
general  engineering  and  contracting.  Both 
Mr.  Getman  and  Mr.  Keene  were  connected 
with  the  office  of  the  City  Engineer  of  Ha- 
vana during  the  first  American  occupation. 

Patrick  H.  Hunt,  a  prominent  contractor 
of  Decatur,  111.,  died  May  19  at  his  home  in 
that  city.  Mr.  Hunt  was  born  in  1S44  in 
Ireland.  He  came  to  Decatur  in  ISSO.  where 
he  opened  a  marble  shop  and  engaged  in 
erecting  monuments  and  furnishing  build- 
ing materials.  From  this  he  branched  out 
into  a  general  contracting  business,  his 
firm  laying  the  first  brick  pavements  in 
Decatur.  Springfield,  Lincoln.  Bloomington, 
Taylorville,  Tuscola  and  many  other  towns 
and  cities  in  Illinois.  He  also  built  the 
main   sewer  system  in  Decatur. 

The  seventeenth  annual  convention  of  the 
Society  for  the  Promotion  of  Engineering 
Education  will  be  held  at  Columbia  Univer- 
sitv  and  Pratt  Institute,  in  New  York  and 
Brooklyn.  June  24-26.  The  time  and  place 
for  the  convention  have  been  chosen  with 
the  idea  of  making  it  a  convenient  place  of 
meeting  for  all  who  wish  to  attend  the  con- 
vention of  the  American  Institute  of  Elec- 
trical Engineers,  the  American  Society  for 
Testing  Materials  or  the  American  Society 
of  Civil  Engineers.  In  addition  to  contrib- 
uted articles,  there  will  be  presented  the 
"Report  of  the  Joint  Committee  of  Engineer- 
ing Societies  on  Engineering  Education."  by 
Dugald  C.  Jackson;  "Report  of  the  Commit- 
tee on  Technical  Books  for  Libraries,"  by 
Arthur  H.  Ford;  "Report  of  the  Committee 
on  Engineering  Degrees,"  by  Wm.  F.  M. 
Goss;  "Report  of  the  Committee  on  En- 
trance Requirements."  by  Robert  Fletcher. 
A  special  session  will  be  devoted  to  the  dis- 
cussion of  engineering  mathematics  by  the 
committee  of  fifteen  appointed  at  the  Chi- 
cago meeting  of  the  American  Association 
for  the  Advancement  of  Science.  This  com- 
mittee has  been  asked  to  prepare  a  special 
report  for  the  1909  meeting  of  the  Society 
for  the  Promotion  of  Engineering  Education. 


Catalogs  Worth  Having. 

Engineers  and  contractors  should  have 
on  file  the  latest  catalogs  of  machines, 
tools  and  supplies  that  they  use.  In  sending 
for  catalogs  reviewed  or  advertised  in 
this  paper,  you  will  confer  a  favor  on  us 
if  you  will  write  direct  to  the  advertisers 
and  state  that  you  saw  the  catalog  men- 
tioned in  Engineering-Contracting.  If 
you  are  in  the  market  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  notify 
promptly  the  leading  manufacturers. 

No.  1242.  Hoisting  Engines  and  Derricks. 
— American  Hoist  &  Derrick  Comi  any.  St. 
Paul,   Minn. 

,  This  is  a  large  and  very  handsomelv  print- 
ed catalog  of  the  complete  line  of  derricks, 
hoisting  engines  and  hoisting  machinery  and 
appliances  which  are  manufactured  by  the 
above  named  company.  Each  of  the  ma- 
chines is  illustrated  and  briefly  described 
and  tables  of  dimensions,  capacities,  weight, 
etc..  are  given.  .\11  contractors  making  use 
of  machinery  of  this  character  should  have 
this  catalog  on  file. 

No.  1243.  Portable  Tools  and  Machinery. — 
Stow  Flexible  Shaft  Co.,  222S  Buttonwoni 
St..   Philadelphia.   Pa. 

This  is  a  catalog  of  Stow  Flexible  Shaft. 
Portable  Motors.  Drills,  Grinders,  Polishers, 
etc.  The  various  tools  and  devices  are  brief- 
ly described.  Tables  of  dimensions,  capacity 
and  prices  are  given. 

No.  1244.  Weight  Computers.— The  Engi- 
neers' Eauipment  Co..  14  South  Broad  St., 
Philadelphia,   Pa. 

The  machine  described  in  this  4-page  cir- 
cular has  been  designed  to  compute  weights 
of  structural  shapes.  The  machine  consists 
of  two  discs,  one  rotating  on  the  other,  each 
disc  being  marked  with  a  logarithmic  scale 
representing  the  dimensions  in  feet  and 
inches  of  the  various  sliapes  and  results  in 
pounds.  One  setting  of  the  machine  enables 
the  weight  of  any  plate,  angle  or  other  shape 
to  be  computed  at  once. 

No.  1245.  Power  Pumps.— The  Goulds  Mfg. 
Co..    Seneca  Falls,   N.   Y. 

This  is  an  unusually  handsome  general 
catalog  of  the  various  kinds  of  power  pumps 
manufactured  by  the  company  named.  The 
catalog  contains  191  pages.  It  begins  with 
a  discussion  of  the  principle  of  triplex  power 
pumps,  illustrated  by  diagi-ams.  There  fol- 
lows a  comparison  in  the  cost  of  pumping 
and  the  application  of  power  pumps  to  gen- 
eral water  supply,  hydraulic  elevators,  boiler 
feeding,  power  stations  and  water  supply  for 
large  mills.  Each  type  of  pump  is  illustrat- 
ed, specifications  are  given  and  a  table 
presented  showing  capacities,  sizes,  etc.  The 
catalog  concludes  with  a  large  number  of 
hydraulic  tables  and  other  useful  data  for 
pumping    engineers. 

No.  1246.  Flexible  Steel-Armored  Hose. — 
Sprague  Electric  Co.,  527  West  34th  St..  New 
York,  N.  Y. 

The  steel-armored  hose  described  in  this 
pamphlet  consists  of  the  best  quality  of  rub- 
ber liose  closely  covered  with  a  metal  armor 
composed  of  a  single  strap  of  highly  galvan- 
ized steel  wound  around  the  hose  so  as  to 
interlock.  This  armored  hose  is  suitable  for 
drilling  and  contract  work  of  all  kinds  where 
compressed  air  is  to  be  conveyed  and  where 
ordinary  hose  fails  quickly,  due  to  the  abuse 
which  it  receives. 

No.  1247.  Deep  Well  Pumps. — Keystone 
Driller   Co.,    Beaver   Falls,    Pa. 

This  little  32-page  pamphlet  illustrates  and 
describes  a  line  of  deep  well  pumps  manu- 
factured by  the  company  named.  Special 
claims  are  made  for  the  efficiency  of  these 
pumps.  The  pamphlet  concludes  with  a 
number  of  useful  tables  and  other  data  of 
value   to  pump  men. 

No.  124S.  Traction  Engines.  —  Reeves  & 
Co.,   Columbus,  Ind. 

This  4S-page  pamphlet  is  entitled  "Plow- 
ing With  Traction  Engines."  Illustrations 
show  the  method  of  attaching  plows,  both 
single  and  gang,  and  the  text  describes  the 
methods  which  should  be  followed  to  get 
successful  results.  Photographs  are  given 
sliowing  the  cost  of  plowing  with  traction 
engines. 

No.  1249.  Drawing  Tables.— Geo.  L.  Kopp 
&  Co.,   704  Smithfleld  St.,  Pittsburg,   Pa, 

This  little  circular  illustrates,  describes 
and  gives  prices  of  the  full  line  of  drawing 
tables  manufactured  by  the  company  named. 


June  2.   1909. 
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in  nianagrrui  Ill^thlHl^  ctici:!<r.|  ihcrcby 
l-"I»twhcrc  in  this  i%Mic  wc  wivc  .ili«iraci« 
from  two  recent  bull   ■  'he  L'. 

S.    Department   of    \.  ivc   to 

the    cost   of    pf  -tj    in 

Minnesota.     Thr  item- 

ized unit  costs  of  raising  all  the  common 
cereals,  hay,  potatoes,  etc.,  and  of  produc- 
ing  dairy    products    and   live    stock.     The 
data   have   1 
the  years    1' 

and    form    llic    ia...'.t  !>um- 

mary  of  analyzed  farit  .c  ever 

been   printed,   so    far   as   we  know.     With 
these  data  as  a  basis  for  the  further  study 
of  farm  economics,  it  is  no  exaggeration  to 
say  that  the  age  of  the  agricultural  enp: 
neer  has  fairly  dawned. 

It  may  strike  one  at  first  as  being  some- 
what fantastic  to  call  a  farmer  an  engineer, 
but  the  average  farmer  of  the  near  future 
is  to  be  nothing  less  than  an  engineer  if  he 
is  to  succeed  in  the  struggle  for  existence. 
He  is  to  be  the  cost  analysis  type  of  engi- 
neer— one  who  records  every  item  of  cost 
and  analyzes  the  records  with  a  view  to 
securing  a  minimum  unit  cost  of  produc- 
tion. May  it  not  happen  that  many  a  civil 
engineer  will  find  this  sort  of  engineering — 
cost  analysis  applied  to  agriculture — a 
splendid  field  for  the  exercise  of  his  tal- 
ents? 

Possibly  many  engineering  contractors 
will  find  it  profitable  to  combine  farming 
with  contracting,  for,  as  one  such  contract- 
or-farmer remarked  to  the  writer,  "when 
it  rains  it  is  good  for  the  crops,  and 
when  it  is  drj-  it  is  good  for  contract 
work,"  so  that  he  is  always  happy  no  mat- 
ter what  the  weather. 

Certainly  the  contr.nctor  whose  work  con- 
sists largely  in  teaming  will  often  find  it 
profitable  to  own  a  farm  where  he  can 
raise  not  only  feed  for  his  horses  but  the 
horses  themselves.  If  the  same  business 
methods  were  applied  by  a  contractor  to 
his  farm  as  he  applies  to  his  contract 
work,  there  is  little  doubt  that  he  would 
thus  make  two  profits  where  he  now  makes 
one. 
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The    Dawn    of    the  Era  of  the  Agfi- 
cultural  Engineer  and  the  Ap- 
plication of  Cost  Analysis 
to  Farming. 
The  application  of  cost  analysis  to  farm- 
ing  marks   another   step   in   the   triumphal 
progress   of   cost   data   and  the   revolution 
Cop>  right,  1009.  h\  the 


Some     Recent     "Evidence"     Against 
Concrete  Construction. 

.April  foolery  seems  to  have  unwittingly 
crept  into  the  May  issues  of  a  number  of 
our  conteni|ioraries.  In  the  May  "Mc- 
Clurc"  a  writer  who  is  named  to  us  as  an 
expert  tells  us  that  the  famous  concrete 
piles  in  Kaltimore  Bay  arc  rotting  at  the 
water's  surface  and  gives  the  woeful  cry 
that  "Concrete  of  the  modern  reinforced 
\-iririy  has  been  the  cause  of  more  bitter 
'!i  q'i>'>intment  than  any  other  material." 
I  •  A  hom  ?  We  would  not  be  iinsympa- 
tiiMo.  but  our  niri"«iiv  i«  "trnng  We 
l>a»H  on  to  a  soi: 

temporary.      Tli'  I" 

finds  mirabiU  didu,  that  cincrele  accord- 
ing to  the  most  reliable  experts  is  subject 
to  surface  disintegration  according  to  the 

M>ron  C.  Clark  Publishing  Co.      \\\  right* 


:    w.v    iic.il    .iii'i    It  • 
!    be   prevented.    s<  ' 
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If 

>ks 


ail 

.....      ... ical 

merit  and  engineering  prescience,  the  "Clay 
Worker,"  also  in  its  May  issue,  depicts 
with  pen  and  camera  the  "Concrete  Bridge 
and  draws  from  the 
•m  ■  "To  inMir'  any 
iair  -ilh 

concf'  .     .rd- 

ed  in  every  manner:  nothing  left  undone 
that  should  be  done.  In  fact,  it  requires 
more   precautionary     measures     than     are 

evident    de- 
.  er  may  hap- 
pen, ilic  "Clay  W.jfkvr"  K"^'  on  to  say: 

U  fconcreti')  haa  lla  place  In  the  world  ai»d 
U»  mloalon  to  nil.  but  wh«-n  It  branch<-»  out 
Into  thp  field  of  steel  and  clay  rr"  !"'-•  ••*- 
yond    certain    limited    u»«    It  In 

many  Instances,  the  most  exp-  of 

bulldlni;  that   could   be   und^r  -    *» 

one   Instance  of  It.   It*  use  In    •  »• 

Peoria.  b<  •  ™- 

mense  sun  '<*'' 

It   bii*    ■  "o* 

ju^t    ■  nor  tM>w 

It    Ik    ;  done    or 

that  had  not  t>een  done.  It  would  not  have 
luipprned.  the  fact  remains  that  It  Is  an  ex- 
pensive experiment  that  will  not  likely  be 
trlKl  attain  by  the  same  people. 

It  is  so  evident  that  our  contemporary 
regards  the  inroads  into  "the  field  of  steel 
and  clay  products"  of  the  concrete  worker 
more  in  sorrow  than  in  anger  that  our 
shafts  arc  blunted.  Moreover  it  is  a  little 
difficult  and  not  very  useful  to  argue 
against  one  who  so  seriously  contends 
that  no  matter  what  was  at  fault  concrete 
is  to  blame.  We  may  mention,  however, 
that  unless  somewhat  more  sapience  than 
is  evidenced  by  the  remarks  which  we 
have  quoted  shall  distinguish  the  criti- 
cisms of  concrete  construction  it  will  prob- 
ably continue  to  "branch  out  into  the  field 
of  steel  and  clay  products." 


Expressions  of  Opinion  as  to  "Contract 

vs.  Day  Labor"  by   Members  of 

The  American  Society  of 

Civil  Engineers. 

Every  now  and  then  a  paper  is  published 
in  the  transactions  of  some  engineering  so- 
ciety advocating  the  doing  of   public  work 

■    '  -.pic 

TRe 
as 
:  ing 
News,"  ■"1  he  Contractor,"  and  other  jour- 
nals. 

.\  dozen  years  aRo  ( ISM)  there  appeared 
in   the   Tr  r     •        •  ^. 

ciety  of  I  W. 

W.    \  Sc*cf    Con- 

stru.  ■  in     which 

were  given  data  intended  to  prove  the 
economy  of  day  labor  as  compared  with 
contract  work.    Doubtless  the  author  was 

of  republication  reserved. 
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somewhat  surprised  to  find  not  a  single  out 
and  out  supporter  of  his  contention  among 
all  the  members  of  the  society  who  dis- 
cussed his  paper.  On  the  other  hand,  the 
day  labor  system  was  unanimously  con- 
demned as  a  system  to  be  applied  in  gen- 
eral to  city  work.  Some  of  the  expres- 
sions of  opinion  are  not  without  interest 
even  now,  coming  as  they  do  from  men 
high  in  the  profession.     We  quote : 

Most  cities  began  their  public  worlvs  by  tlie 
day  labor  plan,  but  have  been  forced  to 
adopt  the  contract  system  in  self-defense. 
— F'oster  Crowell,   M.  Am.   Soc.    C.   E. 

Contract  work  is  more  desirable  and  cheap- 
er as  a  rule  than  work  by  the  day. — Henry 
Goldmark,  M.  Am.  Soc.  C.  E. 

The  writer's  experience  has  been  that 
sewer  work  generally  costs  a  city  less  by 
contract  than  by  day  labor. — William  B. 
Landreth.  M.  Am.   Soc.   C.  B. 

The  tabulated  results  [given  in  Mr.  Fol- 
lett's  article]  as  to  cost  do  not  show  any 
striking  gain  over  that  of  contract  work  in 
this  case.  This  is  one  of  a  few  instances 
where  experiments  of  this  kind  have  been 
successful.  In  probably  seven  cases  out  of 
ten  the  political  tendencies  of  boards  made 
up  wholly  of  scheming  politicians  to  give 
sinecures  to  political  hangers  on  would  have 
largely  increased  the  cost  of  the  work. — .An- 
drew Rosewater,  M.  Am.   Soc.  C.   E. 

It  is  the  writer's  opinioin  that  in  most 
cities  public  work  can  be  done  to  better  ad- 
vantage and  at  less  cost  by  contract  than  by 
hired  labor.— G.  T.  Nelles,  M.  Am.  Soc.  C.  E. 

We  may  add  that  the  Denver  sewers,  un- 
der discussion,  were  large  brick  sewers,  and 
that  each  brick  mason  averaged  2.080  brick 
per  8-hr.  day,  wages  being  $4,  which  is  far 
and  away  better  than  the  usual  output  on 
day  labor  construction,  but  less  than  half 
what  many  contractors  secure  from  their 
bricklayers  on  sewer  work. 

It  should  also  be  pointed  out  that  a 
strenuous  effort  was  made  by  the  city  offi- 
cials in  this  case  to  prove  that  day  labor 
work  would  be  the  most  economic  for  all 
sewer  construction  to  be  done  in  the  future, 
and  they  were  not  only  free  to  alter  the 
specifications  to  attain  their  end,  but  nat- 
urally prompted  to  do  so  by  self-interest. 
In  discussing  this  feature  of  the  case,  Mr. 
G.  T.  Nelles,  M.  Am.  Soc.  C.  E.,  said : 

Another  important  factor  in  the  cost  of 
work  done  under  proper  supervision  in  this 
manner  by  cities  is  the  fact  that  they  do  not 
enter  into  a  binding  contract  w-ith  themselves 
to  do, the  work  in  a  fixed  manner,  and  under 
rigid  specifications,  as  is  the  case  when  work 
is  done  by  contract.  On  the  contrary,  they 
are  always  at  liberty  to  make  such  change 
in  methods  or  materials  as  experience  may 
prove  to  be  beneficial  and  economical  to  the 
work.  Under  the  contract  system  it  is  rarely 
possible  to  make  such  changes,  no  matter 
how  desirable  they  may  be,  without  raising 
a  cry  of  fraud  or  violating  some  of  the  terms 
of  the  contract.  As  a  consequence  whenever 
there  is  a  choice  of  materials  or  methods 
under  the  contract  system,  the  most  expen- 
sive to  the  contractor  is  usually  adopted. 

We  have  italicized  this  last  clause,  for, 
unfortunately,  it  expresses  the  truth  about 
the  tendency  on  the  part  of  many  engineers 
to  exact  not  merely  the  last  pound  of  flesh, 
but  to  call  for  an  avoirdupois  pound,  al- 
though the  supecifications  might  well  be  in- 
terpreted to  refer  to  a  Troy  pound.     This 


particular  feature  of  contract  work  is  per- 
haps the  one  most  worthy  of  careful  con- 
sideration by  the  engineer  who  aims  to  se- 
cure low  bids  from  reliable  firms.  There 
is  but  one  way  of  accomplishing  this  end, 
namely,  by  preparing  specifications  with  as 
great  care  as  is  given  to  the  work  of  mak- 
ing the  drawings.  Sewer  .specifications  are, 
as  a  rule,  particularly  weak  in  all  that  re- 
lates to  the  excavation  of  materials.  Gen- 
erally no  soundings  or  test  pits  are  made 
by  the  engineers,  and  no  classification  of 
materials,  other  than  "earth"  and  "rock"  is 
given.  Not  only  is  there  no  sub-surface 
survey,  but  there  is  not  even  a  fair  attempt 
in  the  specifications  to  provide  for  payment 
based  upon  what  may  actually  be  encoun- 
tered. Practically  all  the  "changes,"  to 
which  Mr.  Nelles  refers,  would  be  unneces- 
sary were  proper  sub-surface  surveys  made 
in  advance  of  making  the  design  and  draw- 
ing the  specifications. 

That  contract  work  is  free  from  flaws 
we  do  not  contend,  but  we  do  maintain  that 
the  flaws  to  be  found  in  the  contract  sys- 
tem are  not  only  infinitely  less  objection- 
able than  those  in  the  day  labor  system,  but 
that  the  flaws  are  really  the  fault  of  the 
engineers  themselves. 

"What,"  says  some  one,  "will  you  blame 
the  dishonesty  of  certain  contractors  upon 
engineers?" 

"Will  you  also  assert  that  lawsuits 
brought  by  certain  other  contractors  are 
the  fault  of  the  engineers?" 

And  our  answer  to  each  of  these  ques- 
tions is.  Yes. 

Specifications  so  drawn  as  to  place  all 
burden  of  doubt  upon  contractors  neces- 
sarily breed  a  class  of  contractors  who  are 
not  business  men  so  much  as  they  are 
gamblers,  or  politicians  who  count  upon 
their  "pull"  to  save  them  from  financial 
loss  in  case  the  conditions  prove  to  be 
worse  than  anticipated.  Many  sewer  spec- 
ifications fall  under  this  class,  for  the  rea- 
son  above  given. 

A  clear,  complete,  fair  specification,  if 
universal  on  contract  work,  would  soon 
eliminate  such  gamblers  and  politicians  as 
now  form  part  of  the  number  of  men  in 
the  contracting  business,  for  gamblers  and 
politicians  do  not  have  the  business  ability 
to  compete  with  the  modern  contractor. 

As  for  lawsuits,  they  are  the  fruit  not 
only  of  ill  prepared  specifications  but  of  the 
class  of  contractors  that  such  specifications 
breed. 

In  our  issue  of  May  5  we  had  occasion 
to  refer  to  the  record  of  that  great  Eng- 
lish engineer,  Telford,  who  built  hundreds 
of  miles  of  roads  by  contract  without  a 
single  lawsuit ;  and,  we  may  add,  lav^suits 
over  road  work  are  now  comparatively 
rare  in  our  American  states  where  the 
engineering  departments  have  worked  out 
good  specifications. 

It  is  particularly  noticeable  that  tlie 
great  majority  of  lawsuits  brought  by 
contractors  arise  over  excavation,  or  over 
changes  in  construction  necessitated  by  the 


discovery  of  unexpected  conditions  when 
the  excavations  were  made.  This  empha- 
sizes the  importance  of  making  sub-sur- 
face surveys,  as  we  have  termed  the  work 
of  digging  test  pits,  drilling,  sounding,  and 
otherwise  exploring  the  ground.  Sewer 
work  particularly  requires  this  sort  of  en- 
gineering investigation  prior  to  planning 
the  construction  and  writing  the  specifica- 
tions that  are  to  govern  it. 

While  several  of  the  members  of  the 
American  Society  of  Civil  Engineers  spoke 
strongly  about  the  influence  of  politicians 
on  day  labor  work,  and  while  this  influ- 
ence is  generally  a  large  factor  in  running 
up  the  cost  of  work  done  by  day  labor,  it 
is  of  less  importance,  in  our  judgment,  than 
the  fact  that  men  are  so  constituted  that 
they  will  not  do  as  much  work  for  a  large, 
impersonal  corporation  as  they  will  for  an 
individual. 

In  addition  to  this,  and  possibly  of 
greater  weight,  is  the  fact  that  no  method 
has  yet  been  devised  that  is  as  effective  as 
the  old  competitive  system  in  bringing  the 
most  capable  managers  of  men  quickly  and 
certainly  to  the  front.  Political  appoint- 
ments, elections  and  civil  service  examina- 
tions— the  only  three  existing  methods  of 
selecting  public  servants — are  all  far  from 
being  satisfactory  as  a  means  of  securing 
the  best  men  for  managerial  positions,  or, 
indeed,  for  any  position. 

The  contracting  system,  however,  fur- 
nishes a  large  number  of  competing  man- 
agers of  men,  all  striving  to  devise  the 
most  economic  methods,  all  urging  their 
men  to  greater  activity,  all  dependent  en- 
tirely upon  their  brains  and  energy  for 
their  profits  (=  salaries),  all  carrying  out 
the  great  plan  of  evolution  by  competitive 
strife. 

Such  a  system  stimulates  the  inventive 
faculties  of  men — what  government  or  city 
employe  has  ever  invented  a  single  labor 
saving  device  of  importance  in  the  con- 
struction  world  ? 

The  contract  system  rapidly  weeds  out 
the  incompetents:  for  no  political  sinecure, 
no  holding  of  office  during  good  behavior, 
no  civil  service  protection,  nothing  can 
shield  the  contractor  from  quick  leveling  to 
the  ranks,  save  his  own  energy,  intelligence 
and  natural  aptitude  for  construction  man- 
agement. 

The  eleven  Lidgerwood  unloaders  in  the 
Central  Division  of  the  Isthmian  Canal, 
during  the  month  of  April,  unloaded  2,- 
970  trains,  aggregating  52,167  cars.  Of 
this  number  1,455  trains,  composed  of  24,- 
735  cars,  were  unloaded  by  the  five  un- 
loaders at  Tabernilla;  621  trains,  composed 
of  11,178  cars,  were  unloaded  by  three  un- 
loaders at  the  Miraflores  dumps,  and  903 
trains,  composed  of  16.254  cars,  were  un- 
loaded by  three  unloaders  at  Balboa.  As 
all  the  cars  were  of  20-yd.  capacity,  tlie 
material  unloaded  represented  about  1.- 
043,340  cu.  yds. 

The  Northwestern  Cement  Products 
association  will  hold  its  next  annual  con- 
vention beginning  February  28,  and  end- 
ing March  4,   1910. 
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ConLTClc  iind   Reinforced  Concrete  Section 


Note: — This  scv'llctn  is  dct  oCctl  to  methods  and  cost  of  conslructini:  concrete 
and  reinforced  concrete  structures.  It  will  cover  the  selection,  terilinj:  ond 
proporlionint;  of  concrete  materials ;  laboralorv  tests  of  concrete:  concrete 
niivlMK,  transportation  iMul  pl:it.inK :  faliricalion  anti  placing  of  reinforcement, 
and  tiirm  coiistrui.tion  and  erc>.(loii.  It  will  alvi  Kuiialn  .irticles  on  new  and 
intcnsliiii;   Ji.'\clopniciit>  in   the  Joi^n  of   reinforced   fiurclc. 


Hints  for  Inspectors  of  Concrete 

Work. 

VI 

Concreting    In    Freezing    Weather. 

Concrete    work    can    be    safely    dene    in 

frcezioK     WrnH'-r     ;!      i.r.,-  .mIi.,-w      ,r..     lil.n 

to   counteract 
nicthcKls  arc  i 

plish  this  result :  t  1  i  AM  ^onic  ^ub^tance 
to  the  mixing  water  which  produces  a 
brine  or  emulsion  which  fre«/is  at  some 
temperature  below  32°  F,.  dclrrniincd  by 
the  substance  adiled  and  the  richness  of 
the  brine.  (2i  llcaiinc  tlic  CMncriie  ma- 
terials so  as  to  delay  the  action  of  frost 
until  the  concrete  has  had  time  to  set. 
(3)  Housing  in  the  work  and  supplying  ar- 
tificial heat  until  the  concrete  has  had  time 
to  set.  .Any  combination  of  these  three 
raethods  may  also  be  employed.  Methods 
one  and  two  have  rather  narrow  limita- 
tions of  efficiency,  but  the  third  method 
can  be  used  with  any  degree  of  frost.  Its 
cost  is  great,  however,  so  that  it  is  cm- 
ployed  only  under  special  conditions. 

Adding  substances  to  Mixing  Water. — 
See  that  no  substance  is  added  to  the  mix- 
ing water,  the  effect  of  which  on  the  con- 
crete is  not  well  known.  If  any  other  sub- 
stance than  sodium  chloride  (common  salt) 
or  calcium  chloride  is  proposed  for  the 
purpose,  sec  that  the  approval  of  the  engi- 
neer is  had  before  its  use  is  permitted. 

Sail    in     Mixing     H'ofrr  —  See    that    the 
amount   of   salt    used   in   mixing   water   to 
reduce   the   freezing   temperature   docs   not 
exceed   in  amount    10   per  cent   by   «■  '•.■'' 
of  the  water.     Tests  show  that  the  stn  ;  > 
of  cement  is  injuired  when  mixed  with  w:i 
ter    having    an    excess   of    lo   i>cr   cent   by 
weight   of   added   salt.      It   is   wise  to  keep 
the  salt  well  below  10  per  cent.      See  that 
the    salt   addition    is   determined   bv    -i.-tn.-il 
weight:  such  dcti-rminalions  as  i : 
to    "float   an   t-gg"   or   to   "float   ■ 
are  untrustworthy— it   takes   \!i  per  cent  of 
salt  to  "float  an  egg."     .\  good  rule  to  fol- 
low  is:   Add    1   per  cent  ol    salt   by  weight 
for   each   degree    Fahrenheit    below  32°    up 
to  a  maximum  of   10  per  cent. 

Caliium    Chloride    in    Mirinn    Water. — If 
is  probable  that   tl;      ' 
with   the   adrliti'>ii 
secured    when   the    .I'l. 
cent    by   voUmie   of    il 
substantially  a    l'>  to  j 

the    freezing   point   of  It      F.   to 

—  2°   F.      Richer   s<iluii  n  the  set 

of  the  cement  and  the  ^ll.llglll  of  the  mor- 
tar is  reduced  as  rmnpared  with  the  2 
per  cent  solution. 

Heating    Concrete     Materials. — S'-e    that 
concrete   materials— <.Tiid.    -Ioik- 
—are    not    heated    to    excess 
the   heat    cannot    be    so    .        ■ 
the    material    itself,    bv 
enough  to  hasten  the  ^' 
so  much  a*,  to  cause  i 
out    the    stone    that    ir 

water  to  rob  the  cement  oi  nicc^ary  moist- 
ure in  dry  mixtures. 


Frostn    Lumps    in    Cimcrttt. — Sec    that 
lumps   of    t' 
get  into  th' 

The     use     Ol       J!"i      uiiMui.;      \\.i,'T      t.ii;ii''i      I)' 

'I'lunded  upon  always  to  thaw  such  lumps. 

iSovering  the  Concrete  ^  •'it  the 
concrete  is  protected  from  it  until 

V,  I    l,v  covering  it  so  as  radia- 

•    the  heat.      Tar  p.r  to  the 

of   wall   form     sf  >  as  to 

lorni  a  dead  air  space,  covirmx^  of  hay 
or  straw  or  a  wood  covering  on  floors, 
etc.,  are  among  the  means  possible.  See 
that  manure  is  not  used ;  it  keeps  the  con- 
crete warm,  but  it  also  stains  it  and  causes 
disintegration. 

Artificial  Heaters. — See  that  the  con- 
crete and  the  forms  are  not  allowed  to  dry 
out  when  artificial  heaters  like  «  '  ••-  "-i-rs 
or  brick  ovens  are  used  to  ki  •  k 

warm.      Moisture  is  essential  t'  ,      ;■  r 

setting  of  concrete,  and  the  loss  due  to 
evaporation  from  concrete  and  forms  by 
dry  heat  must  be  replaced  by  sprinkling  or 
other   means. 

Finishing   Surfaces. 

Special  surface  finishes  are  often  re- 
quired.     Specifications  should  be  particular 
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Fig.   1 — Facing  Form. 

and  explicit  regarding  the  character  and 
the  nicety  of  the  finish  required.  If  they 
are  not,  the  inspector  should  learn  from 
the  engineer  the  quality  of  w»rk  he  has 
in  mind  an<l  should  see  that  the  contractor 
clearly  understands  the  requirements.  Per- 
fection of  finish  is  a  m.itter  of  .ittention 
and  skillful  workmanship,  and  the  inspector 
■  iefly    to    «       '  '  Fin- 
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Dry  Concrete  facing. — Sec  that  the  fac- 
ing mixture  is  mixed  so  dry  that  hard 
tamping  will  not  flush  water  to  the  sur- 
face. The  theory  of  dry  concrete  facing 
is  that  the  imprints  of  joints  and  other 
form  marks  are  not  readily  received  by  it. 
■.s  of  1  part  cement.  3  parts 
and  3  parts  \-in.  crushed  stone 
iijivc  jjroven  most  satisfactory. 

Grout  H'ashes. — See  that  holes  are  filled 
and  joint  marks  are  ••moothcd  down  be- 
fore the  grout   wash   i~   applied.      Sec  that 

the    grout    is    applieil    ii;    ■    •' '■■         If 

applied  with  a  brush  th'  -ive 

about    the    consi>-tency    l  :  :;ite- 

u;[-!:  1 1  applied  with  a  trowel,  the  grout 
-h'.uW  be  (iiiiie  stiff  and  applied  in  a  very 
ihin  coat  and  troweled  or  rubbed  so  that 
only  the  pores  are  filled  and  n«  body  of 
mortar  left  on  the  surface. 

Toulm^i  Ci^ncete — See  that  the  cAncrete 
has  aged   ■  '^"an 
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Gravel  or  Pebble  Finish. — Either  the 
scrubbing  or  the  acid  process  previously 
described  is  used  for  securing  gravel  or 
pebble  finish.  See  that  the  etching  or  scrub- 
bing process  is  continued  just  long  enough 
partly  to  expose  the  pebbles  without  loos- 
•ening  them  in  their  cement  bed.  Under 
normal  weather  conditions  an  age  of  about 
24  hours  is  about  right  for  scrubbing; 
etching  with  acid  can  be  done  at  any  age. 

Plaster  Finish. — See  that  the  concrete 
surface  to  lie  plastered  is  specially  treated 
to  receive  the  plaster  coat.  Plaster  will 
not  adhere  well  to  concrete  unless  the  sur- 
face film  or  skin  is  removed,  or  at  least 
very  thoroughly  cleaned.  The  surface  skin 
may  be  removed  by  acid  washing,  scrub- 
bing or  tooling.  Cleaning  must  be  done 
thoroughly.  McCullough*  gives  the  fol- 
lowing directions  ;  "Clean  the  surface  with 
steam,  afterwards  using  wire  brushes  and 
then  the  steam  again.  Wet  with  water, 
paint  with  neat  cement  and  immediately 
follow  with  two  coats  of  one  to  three  mor- 
tar, the  lower  coat  scratched  and  the  top 
coat  wood  floated  to  a  sand  surface." 

Painting  Concrete  Surfaces. — See  that 
the  concrete  is  perfectly  dry  and  that  its 
surface  is  prepared  to  receive  the  paint. 
This  direction  refers  to  painting  with  oil 
paints.  Special  paints  are  on  the  market 
for  concrete  which  are  claimed  not  to  re- 
quire dry  or  specially  prepared  surfaces. 
When  these  paints  are  used  the  inspector 
must  follow  the  printed  directions  for  ap- 
plying each.  The  following  method  of 
preparing  concrete  surfaces  to  receive  oil 
paints  has  been  found  successful :  Wash 
the  surface  thoroughly  with  a  7  to  8  per 
cent  solution  of  muriatic  acid  and  follow 
with  a  good  wash  of  clean  water.  After 
the  treated  surface  has  thoroughly  dried 
apply  the  paint,  using  enough  turpentine 
in  tlie  priming  coat  to  make  it  almost  flat 
and  increasing  the  amount  of  oil  each  suc- 
ceeding coat.  The  concrete  should  have 
thoroughly  dried  out  before  painting  is  at- 
teniptcd. 

Sidewalk    Construction. 

Cement  sidewalk  construction  is  a  task 
for  experienced  and  skillful  workmen 
which  is  often  undertaken  by  unskilled  and 
inexperienced  workmen.  Its  inspection  de- 
mands close  attention  to  many  small  struc- 
tural details  and  to  the  skill  and  honesty 
of  the  men  doing  the  work.  More  side- 
walks by  far  fail  because  of  poor  work- 
manship and  neglect  of  correct  principles 
of  construction  than  because  of  poor  ma- 
terials. 

Preparation  of  Foundation. — See  that  the 
excavation  in  cut  reaches  to  firm  soil ;  nev- 
er permit  sub-base  to  be  laid  on  sod.  See 
that  soft,  spongy  spots,  roots  of  shrubs, 
etc.,  are  taken  out  and  the  cavities  filled 
with  firm  soil.  See  that  fills  are  of  ample 
width  and  are  thoroughly  compacted.  If 
fills  are  narrow  they  wash  or  cave  down  so 
that  the  edge  of  the  sidewalk  slab  is  left 
overhanging  to  tip  or  break  down  under 
load. 

Material  for  Sub-Base. —  See  that  the 
material  used  for  si:b-base  is  of  such  a 
character  that  it  will  withstand  tamping 
without  crushing  to  an  extent  that  will 
prevent  proper  drainage. 

Compacting  Sub-base. — See  that  the  sub- 
base  is  thoroughly  compacted  by  tamoing 
or  rolling;  see  that  the  top  is  made  smooth 
and  to  grade. 

Wetting  Sub-base. — See  that  the  mate- 
rial of  the  sub-base  is  properly  wetted  be- 
fore placing  base  concrete  on  it.  If  too 
dry  it  will  absorb  from  the  base  the  water 
necessary  for  the  perfect  hardening  of  the 
concrete. 

•"Reinforeed  Concrete.  A  Manual  of  Prac- 
tice." 


Material  for  Forms. — See  that  forms  are 
constructed  of  clean  lumber  not  less  than 
2  ins.  thick  and  5  or  6  ins.  wide.  See  that 
the  top  edges  of  the  boards  are  true ;  they 
form  the  templets  for  striking  the  surface 
of  the  walk  to  grade. 

Alignment  and  Level  of  Forms. —  See  that 
the  alignment  of  the  forms  is  exact  and 
that  their  level  conforms  to  the  finished 
grade.  The  top  edges  of  the  fomis  serve 
as  templets  for  finishing  the  walk  and  they 
must  be  true  to  grade. 

Staking  of  Forms. — See  that  the  forms 
are  securely  stacked  in  place;  the  side 
forms  by  stakes  about  2  ft.  apart  and  al- 
ternating inside  and  outside,  the  cross 
forms  by  stakes  on  the  opposite  side  from 
that  on  which  the  concrete  is  being  de- 
posited. 

Spacing  of  Forms. — See  that  all  the 
forms  are  spaced  so  that  the  inside  meas- 
urements are  exactly  those  of  the  "blocks" 
being  molded.  The  side  forms  should  be 
marked  to  show  where  joints  are  to  come 
and  the  cross  forms  should  be  placed  so 
that  the  face  against  which  the  concrete  is 
placed  is  in  line  with  the  marks  indicating 
positions  of  joints. 

Mi.ving. — See  that  the  concrete  is  thor- 
oughly mixed  to  as  wet  a  consistency  as 
will  permit  thorough  tamping.  Mixing  is 
frequently  neglected  in  sidewalk  work  and 
it  must  be  watched.  See  that  excess  of  \va- 
ter  is  not  used  to  get  the  plasticity  of  mix- 
ture that  should  be  got  by  thorough  mix- 
ing. 

Si::e  of  Batch  Mi.ved. — See  that  the  size 
of  batch  mixed  is  not  greater  in  amount 
than    the    quantity     that     can     be     placed. 


Fig.  2 — Templet  for  Sidewalk  Work. 

tamped  and  surfaced  before  initial  set  has 
commenced.  Usually  all  concrete  should  be 
deposited  within  40  minutes  from  time  of 
mixing.  Retempered  concrete  should  not  be 
used.  Any  concrete  left  over  at  quitting 
time  should  be  discarded. 

Placing  Base  Concrete. —  See  that  as 
nearly  as  practicable  the  e.xact  amount  of 
concrete  is  deposited  which  when  tamped 
and  leveled  will  give  a  surface  below  the 
finished  surface  (the  top  edges  of  the 
forms)  just  the  depth  of  the  surface  finish. 
A  templet  of  the  general  form  shown  by 
Fig  2  will  guarantee  tlie  proper  surface 
grade  of  the  base. 

Tamping  Base. — See  that  the  base  con- 
crete is  thoroughly  tamped.  The  concrete 
should  be  of  such  consistency  that  thor- 
ough tamping  will  bring  just  a  film  of  wa- 
ter to  the  surface.  See  that  the  tamping  is 
as  thoroughly  done  at  edges  and  corners 
as  in  the  center  of  the  slab. 

Preserz-ing  Joints  in  Base. — See  that  the 
joints  in  the  base  between  slabs  are  rigidly 
preserved. 

(1).  .'\fter  the  slab  has  been  thoroughly 
tamped  remove  the  wood  cross-form  and 
stakes  so  as  to  preserve  the  vertical  face; 
tamp  the  concrete  of  the  next  base  block 
against  this  face. 

(2).  Use  a  thin  metal  cross-fnrm  and 
have  it  in  place  until  both  slabs  are  com- 
pleted, then  lift  it  out  vertically. 

(3).  Construct  alternating  slabs  inde- 
pendently. .^fter  the  first  series  of  slabs, 
1,  3.  5,  etc..  has  been  completed,  construct 
the  second  series.  2.  4.  6,   etc. 

E.rpansinn  Joints. —  See  that  exoansion 
joints  are  constructed  as  specified.  The 
usual  practice  is  an  across-walk  expansion 


joint  at  approximately  every  50  ft.,  where 
new  walk  abutts  old  walk  (cement  or 
stone)  and,  where  new  walk  abutts  on  curb 
in  place.  A  recommended  construction  is  to 
replace  one  of  the  wooden  cross-forms  with 
a  metal  parting  strip  which  is  left  in  place 
until  the  walk  is  hard  and  is  then  removed 
and  the  crevice  filled  with  paver's  pitch. 

Method  of  Placing  Top  Mortar.—See 
that  the  method  of  placing  the  top  mortar 
is  one  which  is  recognized  to  guarantee 
successful  work  when  properly  carried  out. 
One  of  the  following  methods  is  common- 
ly used : 

(1).  Mix  the  top  mortar  quite  thin, 
spread  it  regularly,  and  work  down  with 
a  straight-edge  until  the  surface  is  a  true 
plane  flush  with  the  top  edges  of  the  forms. 

(2).  Mix  the  top  mortar  stiff;  spread  it 
evenly  and  somewhat  deeper  than  the  final 
surface  coat,  tamp  it  level  and  thoroughly 
into  the  base  concrete,  strike  concrete  with 
a  straight-edge  and  bring  low  spots  up  to 
grade. 

(3).  Use  a  base  concrete  rich  in  cement 
and  tamp  it  until  the  mortar  rises  to  the 
top  and  can  be  leveled  and  smoothed  by 
straight-edge  or  trowel. 

Consisfcticy  of  Top  Mortar. —  See  that 
top  mortar  to  be  placed  by  floating  under 
straight-edge  is  mixed  ■  wet  enough  to 
"float"  readily.  If  too  stift"  it  cannot  be 
properly  worked  into  place,  and  if  too  thin 
it  takes  too  long  to  dry  out  ready  for  fin- 
ishing and  is  liable  to  result  in  sandy  spots. 
A  mushy  consistency  about  like  mortar  for 
brick  work  is  nearly  right.  See  that  top 
mortar  to  be  placed  by  tamping  is  dry 
enough  to  permit  thorough  tampin.g,  the 
tamping  should  bring  just  a  film  of  mois- 
ture to  the  top. 

Time  of  Placing  Top  Mortar.—See  that 
the  top  mortar  is  placed  immediately  after 
the  base  is  tamped  into  position.  If  before 
placing  the  top  mortar  the  base  has  begun 
to  set  or  has  even  become  drv  or  has  had 
a  filrp  of  dust  or  dirt  blown  over  it  the  top 
mortar  will  not  bond  with  the  base  con- 
crete unless  special  precautions  are  taken 
in  placing  it. 

Bonding  Top  Mortar  to  Hardened  Base. 
— See  that  special  means  of  securing  bond 
are  employed  if  for  any  reason  the  top 
mortar  has  to  be  placed  on  base  concrete 
which  has  become  hard.  Two  methods  of 
bonding  with  success  are  ; 

(1).  Wash  the  top  surface  of  the  base 
concrete  thoroughly  with  water  and  brush 
off  all  dirt  and  loose  material ;  apply  to  the 
washed  surface  a  thin  coat  of  cement  grout 
well  brushed  in ;  apply  top  mortar  in  usual 
way  before  the  grout  has  dried. 

(2).  .Apply  an  acid  wash,  such  as  "Ran- 
somite,"  to  cut  the  surface  film  on  the 
concrete:  after  the  acid  wash  has  worked, 
wash  the  concrete  off  with  clean  water 
until  every  trace  of  acid  and  dirt  is  re 
moved ;  apply  the  top  mortar  to  the  wet 
surface  in  the  usual  way. 

Placing  top  mortar  on  hardened  base 
concrete  should  be  permitteo  oniy  in  cure 
of  absolute  necessity. 

Marking  JVearing  Coat. — See  that  the 
marking  of  the  wearing  coat  into  blocks  is 
directly  over  the  block  joints  in  the  base. 
This  rule  should  be  ri.gidly  enforced.  See 
that  the  marking  is  done  with  a  tool  which 
cuts  clear  through  to  the  base  and  that  the 
joint  is  finished  by  a  grooving  tool,  which 
leaves  a  rounded  edge. 

Finishing  Edges  of  IFn/Zi.— See  that  the 
edges  of  the  walk  are  finished  by  being 
rounded  off  to  a  curve  about  %-in.  radius. 
A  special  tool  called  an  edger  gives  the 
best   finish. 

Protection  From  Frost. — Sidewalk  work 
should  not  be  done  in  freezine  weather  un- 
less it  cannot  be  avoided.  If  construction 
in  freezing  weather  is  unavoidable  the  rules 
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finished  complete  before  work  is  stopped. 


Reinforced    Concrete    as    a  Fireproof 
Building  Material.* 

I'.v  i.H).\Ai<:i  ( .  u.\sox,t 

In  the  last  few  years  reinforced  concrete 
has  cc'nie  into  such  prominence  as  a  build- 
ing luaii-rial  that  it  is  attraclinR  the  atten- 
tion .  I  all  who  are  in  any  way  interested  in 
buildini; — owners,  architects,  engineers  and 
insurance  companies  They  are  asking 
many  questions  and  it  is  the  endeavor  of 
thi*  paper  to  .inswcr  a  few  of  them,  al- 
th'.uRh  in  so  ■'  -c  points  will  prob- 

al  !\    be   cove:  are   already   pretty 

Well  known  !••  !..■  ;u-Mrance  interests,  but 
it  is  necessary  to  mention  them  in  connec- 
tion with  a  more  careful  study  of  other 
features  which  are  of  such  recent  develop- 
ment as  to  be  less  known  at  present.  The 
writer  will  first  endeavor  to  explain  some 
of  the  recent  developments  in  building  con- 
struction in  this  material,  but  as  "recent" 
is  a  relative  term  it  is  first  necessary  to 
explain  what  are  now  considered  obsolete 
nieihi  cl, 
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concrete  being  required  to  take  care  of 
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across  the  top  ui  tiie  beam  at  the  support 
and  for  some  little  distance  into  the  ad- 
)i>iiiiiig  span.  These  tied  the  beams  to- 
Kcther  across  the  support  and  formed 
continuous  beams,  t! 
strength    for   a   given 

compared  «••'■  •'  i   -l..:ik,.i 

turs  at  the  tieing  the 
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The  latest  development  \'  not  as 

yet  come  into  general  use  ought 

to  be  encouraged  is  of  tieing  ail  the  rein- 
forcement rigidly  together  that  goes  into  a 
t>eam  or  girder  and  so  fastening  it  into 
place  in  the  forms  that  it  cannot  possibly 
be  moved  while  the  concrete  is  being 
placed.  When  bars  were  placed  Uo.elv 
It  was  an  easy  matter  to  displace  thcin  l.y 
an  inch  in  height,  which  makes  quite  a  dii- 
Icrence  in  the  strength  oi  the  resuaiiig 
combination,  and  the  ordinary  workman  or 
even  the  foreman  do  not  appreciate  how- 
important  it  is  to  set  the  bars  exactly 
right.  It  adds  a  little  to  the  expense  of 
the  steel  reinforcement  in  plate  to  make  up 
the  units  and  place  them  rigidly  in  the 
forms,  but,  on  the  other  hand,  it  saves 
somewhat  in  the  placing  of  concrete  so 
that  the  resultant  extra  cost  is  compara- 
tively small  and  is  entirely  justified.  Years 
aeo  claims  were  made  of  the  advantage  of 
one  type  of  reinforcing  bar  over  another 
and  also  certain  types  of  mesh  reinforce- 
ment in  the  panel  were  claimed  to  be  much 
better  than  others,  with  the  result  that 
when  interested  parties  made  their  designs 
the  amount  of  metal  used  was  not  based  so 
much  upon  engineering  principles  as  upon 
the  commercial  point  ot  selling,  and  it  was 
not  uncommon  to  have  the  reini'orcenient 
stressed  to  nearly  its  clastic  limit  and, 
therefore,  a  structure  with  a  verv  small 
factor  of  safety.  Todav  it  is  well  recog- 
nized that  a  sufficient  area  of  cross  section 
of  metal  must  be  used  to  keep  t'  '      g 

stress  within   reasonable  limits,  e 

of  the  particular  type  of  rci..  .v^..,.:it 
used,  and  while  deformed  bars  give  a  bet- 
ter bond  than  plain  bars,  either  squares 
or  rounds,  and  are,  therefore,  to  be  de- 
sired, nevertheless,  the  results  obtained 
with  the  plain  bars  are  so  good  that  the 
owner  is  not  justified  in  paying  more  than 
$2  or  $3  a  ton  difTercnce  in  price  between 
deformed  and  plain  bars. 
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such  aes  that  at  Baltimore  and  ei^eMhcre. 
it  has  been  apparent  that  the  pre-arranged 
fire  tests  are  more  severe  in  the  results 
shown  by  the  structure  than  actual  con- 
.^     --■■  '  ,    ,  .•   _      :.•    ..  ,   ^jj   protect 
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workmanship  to-day  it  is  quite  coniincn  to 
specify  a  mixture  of  1,-2,-4,  which,  with 
thoroughly  first-class  workmanship,  gives 
a  stronger  result  than  is  necessary  and  witli 
ordinary  or  careless  workmanship  ought  to 
give  a  job  which  is  still  strong  enough. 
Incidental  to  the  process  of  construction, 
while  the  concrete  is  still  green  and  much 
weaker  than  it  will  be  with  age,  it  is  loaded 
frequently  as  heavily  as  it  ever  will  be  in 
actual  service  and  always  it  is  loaded  suf- 
ficiently to  give  a  fair  idea  of  its  strength. 
Where  there  is  any  doubt  of  its  strength, 
load  tests  can  be  applied.  With  these  safe- 
guards, in  addition  to  those  provided  by  the 
engineer,  architect  or  building  department, 
the  underwriters  need  have  no  fear  that  a 
building  they  are  asked  to  insure  is  struc- 
turally weak.  The  question  is  sometimes, 
asked,  what  proportion  of  builders  now  en- 
gaged in  reinforced  concrete  work  are 
competent  ?  It  is  imoossible  for  one  who 
has  no  wide  acquaintance  with  builders  in 
all  parts  of  the  countrv  to  answer  such  a 
question.  He  can  simply  say  that  in  all 
large  cities  there  are  a  few  builders  whose 
ability  has  been  proved  beyond  a  doubt, 
and  the  selection  of  any  one  of  them  is 
insurance  that  good  work  will  be  done, 
and  by  the  competition  between  them  rea- 
sonable prices  can  be  obtained. 

The  other  types  of  fireproof  construction 
which  are  coming  into  competition  with 
reinforced  concrete  are  structural  steel  en- 
cased in  concrete  and  this  when  thoroughly 
encased  from  a  fireproof  standpoint  is  sim- 
ilar to  an  all  concrete  building;-  structural 
steel  frame  encased  in  terra  cotta,  and  to  a 
small  extent  plaster  of  paris  and  brick 
have  been  used  in  fireproofing  steel,  but 
not  to  a  sufficient  extent  to  be  worthy  of 
much  comment.  Thoroughly  well-laid  brick- 
work is  a  good  protection  to  columns,  but 
when  cast  as  arches  between  beams  it 
leaves  the  bottom  flange  exposed,  which  is 
a  serious  defect.  Actual  conflagrations 
have  conclusively  shown  that  terra  cotta 
is  not  so  perfect  a  fire  protection  as  con- 
crete. This  is  largely  in  the  writer's 
opinion,  due  to  the  fact  that  its  coefficient 
of  expansion  is  high,  so  that  it  expands 
to  such  an  extent  that  when  confined  be- 
tween the  beams  it  is  crushed,  the  lower 
member  falling  and  thus  weakening  the 
floor.  It  is  also  more  susceptible  to  a  com- 
bination of  fire  and  water,  being  to  some 
extent  brittle  and  cracking  when  a  cold 
stream  strikes  a  hot  surface. 

Before  concrete  will  disintegrate  when 
exposed  to  fire  the  large  amount  of  mois- 
ture chemically  combined  in  the  setting  of 
the  cement  being  20  per  cent  to  25  per  cent 
of  its  weight,  has  to  be  driven  off  by  heat 
and  then  the  vapor  thus  driven  off  has  to 
be  evaporated  from  the  pores  of  the  con- 
crete before  it  becomes  sufficiently  hot  to 
crumble.  The  slowness  of  evaporating  this 
vapor  is  probably  the  cause  of  concrete 
resisting  extremely  high  temperatures  for 
the  brief  period  of  a  few  hours,  while  a 
much  lower  temperature,  if  long  continued, 
would  ultimately  disintegrate  it.  Cement 
will  resist  500  °  F.  for  an  indefinite  period, 
while  a  continuous  temperature  of  over 
700°  F.  is  disastrous.  The  cement  coating 
of  the  stones  of  the '  concrete  will  resist 
the  attack  of  fire  so  long  that  it  is  of  less 
consequence  whether  the  stone  can  be  dam- 
aged by  the  fire  or  not.  Thus  pure  lime- 
stone is  a  most  excellent  aggregate  and 
will  not  decompose  until  after  the  cement 
has,  and  after  the  cement  has  gone  it  is  im- 
material what  aggregate  is  used,  as  the 
work  has  then  failed  anyway. 


Earth  and  Rock  Section 


Note:  This  Section  is  devoted  to  methods  and  costs  of  excavating  earth  and 
rock  and  building  embankments.  It  will  cover  the  grading  of  roads  and  rail- 
roads, diking  and  canal  work,  dredging,  building  reservoirs  and  earth  dams, 
sewer  and  water  pipe  trenching,  quarrying,  etc. 


Comments  on  Methods  of  Excavating 
Trenches  and  Ditches. 

The  words  ditch  and  trench  as  ordinarily 
used  by  engineers  and  contractors  are  syn- 
onomous,  yet  there  is  no  reason  why  each 
should  not  be  made  to  mean  a  distinct  thing, 
thus  making  it  possible  by  the  use  of  each 
word  to  specify  a  certain  class  of  work. 
With  this  idea  in  view  the  writer  has  for 
some  years  used  the  word  ditch  to  mean 
a  long  cut  or  excavation  in  the  ground  that 
is  to  remain  open,  and  generally  is  ex- 
cavated to  hold  water  or  carry  water  from 
one  place  to  another.  Thus  we  have  drain- 
age ditches,  irrigation  ditches,  ditches  for 
mill  races  and  similar  excavations. 

On  the  other  hand,  a  trench  is  made  to 
mean  a  similar  excavation,  but  one  dug  to 
be  refilled.  Thus  for  a  ditch  the  sides 
have  to  be  sloped  or  so  finished  that  they 
will  stand  the  action  of  water  and  the 
weather,  while  with  trenches,  it  is  only 
necessary  to  trim  or  dress  the  sides  so  as 
to  admit  of  timbers  being  placed  against 
the  sides  to  prevent  them  from  caving  in. 
Thus,  we  have  trenches  dug,  for  sewers, 
water  pipes,  conduits  and  for  many  other 
purposes.  The  writer  considers  that  an 
excavation  is  a  trench  even  when  filled  in 


the  trench,  then  the  next  best  and  so  on 
down  the  line.  This  will  allow  the  water 
to  run  towards  the  lowest  part  of  the  ditch 
or  trench  and  one  set  of  pumps  will  suffice 
to  handle  it.  as  well  as  let  the  timbering 
or  shoring  be  carried  on  in  its  regular 
order.  If  the  men  were  placed  indiscrim- 
inately the  better  men  would  carry  their 
sections  to  a  greater  depth  quicker  than  the 
poorer  workmen,  causing  the  water  to  settle 
in  their  pits,  thus  impeding  the  work  and 
increasing  the  cost. 

A  man  who  is  slow  in  his  movements  and 
easily  disheartened  should  never  be  placed 
in  a  treacherous  ditch  or  trench.  He  will 
make  the  work  cost  more  and  will  be  in 
grave  danger  of  being  injured  in  case  of  an 
accident.  Only  alert  and  energetic  men 
with  great  tenacity  of  purpose  and  of 
buoyant  disposition  should  be  used  at 
such  places.  The  disposition  of  a  man 
counts  a  great  deal  in  earth  excavation 
done  with  a  pick  and  shovel,  and  this  is 
especially  true  of  trench  work.  A  nervous, 
slow  and  frightened  man  will  spend  nearly 
one-half  his  time  watching  the  sides  of 
the  trench,  thinking  there  may  be  a  cave-in. 
As  a  rule  he  will  watch  the  top  of  the 
bank  instead  of  the  bottom,  where  the 
first  sifting  of  the  dirt,  which  is  the  warn- 


Fig. 


^nqr  -  Confr 

1 — Longitudinal    Section    of  Trench   Showing     Method     of     Excavating     it 
in   Successive   Steps. 


Bids  were  opened  May  22.  by  the  Bu- 
reau of  Yards  and  Docks  Navy  De- 
partment, for  constructing  a  large  con- 
crete   drydock    at    Pearl    Harbor,    Hawaii. 


entirely  with  masonry  or  other  material 
than  that  excavated  from  the  trench.  Not 
only  does  the  method  of  digging  a  ditch 
often  differ  from  that  of  excavating  a 
trench,  but  costs  likewise  vary,  without 
taking  into  consideration  the  back  filling  of 
the  trench,  which  is  an  item  of  work  gen- 
erally included  in  the  printed  costs  of  ex- 
cavation. 

Neither  the  method  nor  the  cost  of  doing 
other  classes  of  excavation  is  a  criterion 
of  ditch  and  trench  digging.  It  is  a  class 
of  work  by  itself.  To  double  the  depth 
means  to  much  more  than  double  the  cost 
of  excavation.  An  extremely  narrow  trench 
if  taken  to  a  greater  depth  than  about  three 
feet,  means  an  increased  cost  over  a  trench 
w'ide  enough  to  admit  of  free  movements 
of  a  man  engaged  in  digging  the  trench. 

Individuality  of  men  is  always  an  impor- 
tant factor  in  carrying  on  work,  hut  in 
ordinary  excavation  the  placing  of  the  in- 
dividual laborer  is  not  a  difficult  matter. 
In  trench  digging  the  individuality  of  the 
workmen  counts  for  a  great  deal.  Men 
should  never  be  placed  indiscriminately  at 
work  in  a  trench  or  ditch.  After  opening 
a  section  of  a  ditch  or  trench  and  wishing 
to  continue  the  excavation,  especially  where 
there  is  water  in  the  trench  or  ditch,  the 
most  rapid  digger  should  be  placed  first  in 


ing,  generally  commences.  Men  not  suited 
to  work  in  the  ditch  or  trench  can  generally 
be  gi\en  some  employment  that  they  can 
perform  expeditiously  and  well,  such 
work  as  carrying  lumber  for  shoring,  car- 
rying pipe,  shoveling  earth  back  from  the 
edge  of  the  trench  and  attending  to  other 
necessary  details. 

There  are  several  methods  of  placing  the 
men  at  work  in  a  ditch  or  trench.  The 
most  common  one  is  to  have  the  men 
spaced  only  a  few  feet  apart  and  thus  they 
are  grouped  even  with  a  large  gang  so 
that  the  foreman  can  watch  them  and  their 
work.  Sometimes  a  certain  number  of 
men  are  detailed  to  do  the  picking  while 
the  rest  are  shoveling.  This  arrangement 
cannot  be  recommended,  especially  in  nar- 
row trenches,  as  the  pickers  often  interfere 
with  the  shovelers.  and  in  moving  from 
place  to  place  the  pickers  tramp  over  the 
loosened  earth  and  compact  it.  At  times 
a  shoveler  will  be  kept  waiting  for  a  man 
to  do  his  picking.  The  better  vi-ay  is  to  let 
each  man  do  his  own  picking  and  shoveling, 
unless  the  trench  is  wide  enougli  for  two 
men  to  work  side  by  side,  then,  one  man 
will  loosen  the  earth,  taking  only  a  part  of 
his  time  for  this,  and  the  rest  of  his  time 
will  be  used  up  in  shoveling.  The  men  will 
also    alternate    on    picking,     Jius     spelling 
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ihemstlvcs.  without  loss  of  tiinr      Tliij   is  vidual,  and  one   man   loafing  or  doinit  in- 

aUo  ail  a.i\aiiiaKe  of  a  man  working  in  a  different   work    pulls  down  the  averriKf  of 

nar;  .   doing   his  own  picking,   as  the   whole  crew.     This  in  ■  •    c 

in  I  "m  one  kind  of  work  to  an-  work   done  by  each  mnn  v 

other  he  spclU  himself,  which  is  nece»^ary.  indifferent   work  arc   -  .ikc,  and 

as    a    man    cannot    keep    up    physical    work  can  either   be   made   i  :    work,  by 

witli  -t.  the   foreman,  or  be  •!  ""'     '   '■ 

'I  I  r  this  metho«l  the    foreman    has    in 

oi    -.(..i.  ...i;    .i.u    1.     ..    11. are   that    the  \>y    thi^    inetho<l.    >cl    1.       . 

foreman    can    watch    the    men    easier    than  devote    much    time    to    the    ({o.id    wurkers. 

when  they  arc  scattered,  and  that  the  fellow  except    to    see    that    they    keep    the    trench 

up  work,  such  as   laying  pipe   in  a  trench  the    proper   size   and   take    it   to   the    right 

can  be  kept   close  to  the   men   excavating,  grade,   thus   he  can  devote   himself   to  the 

thus    kcepiiiK    the    amount    of    open    trench  laggards. 

at  a  minimum     The  first  reason  should  not  'i'i,i»   method    adapts    itself   to   setting    a 

l>e  1.  '       'ion.  as  a  f  'Muild  ,;,s|{  (or  the  men.     Judging  from  the  above 

be  K  !>  to  a  Ir..  'l  in  recorl  it  would   seem  that    12  cu.  yds.  was 

his  «.'^rv.     ■!    i;v   1-.  likely  t<.  ... , ,    iiidif-  ;,   fajr  d.iy's  work   for  a  man   in  this  size 

ferent   antl   then   allow   his   men   to   iK-come  trench,    tlius    a    ta.sk    of    I'J    cu.    yds     can 

lik.xviM-,    unless    he    is   given    close   super-  i,^  set.'    If  a  man  excavates  more  than  this 

\i^i   r     :•.:.:.'.   is   not   always  possible.      The  yardage    he    should    be    paid    a    Ixinus    for 

Ncc'in.l    I  CIS' 'II    is   often   a   valid   one,   how-  j-j^j,    yard    excavated.      Thus    with    wages 

ever,    by    reducing   the    numl>cr   of   men    in  3,    jj^o   per    dav    with    12    cu.    yds.    exca- 

tb^    excavating    gang    and    increasing    the  y^tcj    ;„     10    hr's.,    the    cost    per    cu.    yd. 

f   work    '  ■        ach   man,  this  would  be    12%   cts      Now,   if   a   bonus   of 

ercome.  us  to  a  con-  g  ^j,    p^^  cu.   yd.   is  paicl   for   every  yard 

^..iif.iii   n  of  a   sii.  ....   i,i^ii,<xl  of   spacing  excavated    over    the    task,    workman    No. 

men  in  a  trench.  (j3    ja^ns    $1.74    for    his    11    cu     yds.    and 

The  trench  or  ditch  is  staked  off  in  sec-  ,i,p  .-ost  per  cu.  yd.  to  the  contractor  is 
tions,  according  to  its  width  and  depth.  ^^j^.  ug  (.,5  xhis  is  not  the  onlv  sav- 
2.^  or  50  ft.  long.  These  sections  should  ,„^-  ,.([  ted.  for  the  foreman  cost  and 
always  be  short  enough  to  be  finished  in  jj^^  ^f  general  expense  is  also  slightlv 
a  day.  as  it  has  a  good  effect  on  a  man  to  reduced  bv  an  increased  output.  Other 
complete  a  task  in  a  dav  and  not  have  to  ^^^  results  arc  also  obtained,  as  the  men 
start  on  an  old  job  the  next  niorning.  ,.,)jc  a  greater  interest  in  their  work,  and 
Then.  too.  in  case  of  rain  at  night,  the  those  who  cannot  earn  a  bonus  soon  drop 
water  can  drain  to  the  low  part  of  the  ,„„  ^nd  the  contractor  finds  himself  ex- 
trench  By  this  nicthod  one  man  does  his  cavating  trenches  with  onlv  the  most  capa- 
own  picking  and  shoveling  ..nd  he  cannot  |,|p  ,„p„  an,i  besides  greatJr  progress  being 
interfere  with  another  man's  work.  In  a  „,a,|g  j,is  cost  is  reduced.  Then  the  fore- 
wide  trench  or  ditch  two  men  can  be  placed  ,„an  j^  relieved  of  much  work,  as  with 
in  a  section  to  work  side  by  side,  or  with  bonus-making  men  under  him,  he  needs 
a  narrow  trench  a  long  sccn.m  can  \>e  given  „„|,^.  ,„  ,pp  ,bat  the  work  is  done  properlv 
to  two  men.  the  men  working  from  each  ^^^  j^^^p  ^j;  records,  which  will  admit  of 
end  of  the  section  towards  the  center.  Men  j^j^  handling  a  much  larger  crew  of  men. 
workiP"-  in  p.iirs  generally  do  better  work  -j-j,,,  p^,ra  pav  spurs  the  workman  on,  his 
than  when  working  alone.  .  iie  slow  man  ^j„^  j,  empl'ovcd  as  well  as  his  muscles, 
will  try  to  keep  up  with  the  faster  man  s  ^^^  although  he  works  harder  than  under 
oace.  or  if  each  work  at  the  same  rate,  ,1,^  „i,|  ,y^,eni  vet  his  spirits  and  health 
each  spurs  the  other  on  to  increased  ^^^  improved.  This  method  must  not  be 
efforts.                                                 ,       ,      , ,  confused  with  piece  work,  for  the  laborer 

In  working  men  in  sections,  a  stake  should  j,  assured  of  his  regular  wages,  and  when 

be  driv.n  at   the  end  of  each  section  and  ^^  accomplishes  his  task,   he   makes  extra 
numbered   as  I,  2,  3  and  so  on      Fach  sec-  through  the  bonus  for  additional  yar.l- 

tion  should  be  ot  the  same  length,  or  con-  '    ' 

tain  the   same  vardage      This  allows  of  a  ■  .  .     ,     ,    .  •_     ..  „,•,  „„  i,,   ,„ 

record  to  be  left,  of  each  mans  work,  or  if        ,.This  method  of  doing  work  ""J"^  •iP" 

themenare  woricing  in  pairs,  of  each  team's  vUd  to  many  classes  °f  J'';^'';,^' "'  .    "^'' 

work.     Then  bv  a  record  kept  bv  the  fore-  •""1  to  nearly  all  classes  of  oMi-lnuti-.n. 
man    or   timekeeper   the    number   of   cubic  .\nothcr    method    of   placing    men    in    a 

vards  excavated  bv  each  man  is  known  for  trench  to  work  is  to  have  one  man  exca- 

each  dav's  work.     This  record  can  be  kept  vating  the  first   12  or   15  ins.,  with   another 

on   a    form   gotten   up    for   the   purpose,   bv  m-"'    f..1l..v.  ;.i,.    t  ilnu-    m,t    another    laver. 
either  the  workman's  name  orniimber,  thus 

RICF  &  COI.F.M.A.N", 

CONTSACTORS. 

Contract:    John  St.  Sewer. 

D.ite:    .April  20,  lOW. 

Size  of  trench :    3xfi. 
Workmen's  No.  Section  N'o  Cu.  Yd> 

.;i      «xl'i  '  n 

r,2  Oxl"  1^ 

Ki    I"xi:  I'J 

(M    .  Ilx2u  .  '■- 

Siirned .... 

I'orentan. 


By  this  method  it  will  be  found  that  men 
will  readily  do  in  a  trench  not  over  I  or  .'1  ft. 
deep  froni  10  to  12  cu.  yds  in  a  10-hour 
day,  while  by  the  other  nirthml.  described 
above  men  will  seldom  rx.avate  over  S 
or  10  cu.  yds.  T.ie  .IiiT.tcii.t  is  ac- 
counted for'  by  the  fact  that  liv  the  first 
method  there  is  no  tab  kept   .m   the  iii.li- 


and  so  on  down  in  layers  until  the  total 

deplh  is  obtained.     The  ailvani  .. 
fur   this   method  are   th.it   the  • 

interfere    with    one    another,    i...      •■..> 

of  trench  kept  open  i.s  reduced  to  a  niini- 
iiiitni.  and  no  matter  at  what  time  a  rain 
M-curs,  the  water  will  always  run  to  the 
Ii.wcNt   point  in  the  trench.     However,  this 


!    makes 
i:  -k    from 

the  iiicii,  and  a>  !l.'  an 

be    obtained    by    tl  1«- 

scribed,  it   is  consequcn;;;.    i  •   !-■   ;.:rirrfe<l. 
(excavating    ■    trench    b\    Ia\ers    in    »uc- 

'    '    ■    •   in 

in 

.ke 


:z 


section.  J'lg.  1  shows  a  iungitudiiidl  sec- 
tion of  a  trench  to  be  "1  ft.  deep  and  il- 
lustrates how  it  can  be  carried  down  in 
steps.  It  is  evident  that  a  man  working 
by  this  method  .al»         '  "  breast, 

both    to    pick    and  except 

when  he  starts  h.s  ^'  •  '"r  a 

short   time  must   pick   and    ^t  on 

top.     With  a  small  brea«i  he   •  wn 

more  dirt  with  his  pick  and  he  also  gets 
a  much  larger  shovelful,  as  he  throws 
the  dirt  out.  Then,  too,  stepping  from 
one  step  to  another  and  casting  the  ma- 
terial out  from  ilifferent  depths  rest  the 
man  without  his  stopping  work.  With 
this  method,  if  it  rains  the  v,ater  all  goes 
to  the  bottom  of  the  trench,  where  it  can 
be  quickly  pumped  out  of  each  section 
either  with  a  cellar  of  a  diaphram  pump. 
.\  short-handlel  shovel  should  never  be 
used  in  digging  trenches  or  ditches  The 
shovel  should  always  have  a  long  handle. 
The  workman  will  do  more  work  as  he 
will  not  waste  so  much  of  his  energy  in 
bending  down  in  the  trench  and  then 
sirai.'htening  up  to  cast  the  earth  out  of 
the  trench.  Besides  thi'  '"■  "'"  cast  the 
material    farther    from  of    the 

trench,  ar>d  with  a  long-i  'vel  the 

trench  can  be  excavated  much  deeper  with- 
out handling  the  material  a  second  time. 
Many  engineers  and  contractors  do  not 
seem  to  realize  these  facts  as  short-handled 
shovels  are  continually  being  used  in  many 
sections  of  the  country  With  long-han- 
dled shovels  the  material  cm  ,,<>,„  be 
spaded,  thus  saving  picking     V  id- 

ing  is  to   be  done,  a   regular     ;  uld 

be  used  with  a  Ion"  handle :  excet>t  where 
the  material  being  excavated  i«  «snd  or 
sandy  clay.     In  stiff  clay  the  -as 

much  work  as  the  shovel,  is  1:  jer. 

and  it   is  not  as  hard   for  the  ii.,w:  i       irive 
into  the  ground  as   a   shovel.     In  sand   the 
.1,  .,  .1    .i.v,.,;    K'tter    work,    as    ■'    «ill    hold 
a  spade     The  sh'  'be 

uted.      In    fact    all  sed 

in  trench  or  ditch  excavation  >li>'UiJ  be 
square-pointed,  except  where  >h<-  m^drrial 
is  gravel   or  there  are    '  -   of 

stones  in  the  material    o-  irs 

.......  ..J 

In 

■•■ne 

with      a  ind     the 

trench    car  How- 

ever, a  rouihl-pi'imed  shovel  i>  useful  in 
cutting  out  a  place  in  the  bottom  of  a 
trench  for  the  bells  of  pipe. 

Pnr  locxening  cirih   in  a  trench  or  diteh 


riirii   iIk 
i«   a   truii. 
it   i^ 
well 


.iTl'l     \\  1' 

In  a  ••• 


at  with 

Me    blow. 

.iSi  a  mattix-k 

with   a   pick 

as 

will 


It   the  laborer  is  an   Italian,  he 
up  the  sides  of  the  rrrncV  ■ir-ii! 
almost  as  if  they  w 
(To  be 
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Roads  and  Streets  Section 


Note :  This  Section  is  devoted  to  methods  and  costs  of  road  and  street  con- 
struction. It  will  cover  road  building  in  all  its  details,  the  construction  of 
pavements,  sidewalks  and  gutters,  the  testing  and  use  of  paving  materials  and 
the  machinery  and  tools  used  in  road  building  and  paving. 


prefers  a  crown, 
than  %  in.  to  the 
than  16  ft.  wide, 
to  keep  the  road- 
washed  off  read- 
it  also  serves  to 
the  center,  even 
narrow  pavement 


The  Theory  of   Economic    Road   and 
Street  Location  and   Design. 

VIII. 

In  the  preceding  seven  chapters,  we  have  > 
■discussed  the  vakie  of  team  time,  the  cost 
per  ton-mile  of  road  maintenance,  maxi- 
mum grades,  the  cost  of  ascent  and  de- 
scent, and  the  value  of  each  foot  of  dis- 
tance saved,  We  come  now  to  another 
application  of  the  rule  for  "Value  of  Dis- 
tance." 

Circuitous  vs.  Direct  Routes. — In  locat- 
ing a  long  road  that  is  to  traverse  a  region 
that  must  be  served  by  only  one  main  thor- 
oughfare, the  problem  often  arises  whether 
a  circuitous  route  without  branches  but 
tapping  the  principal  productive  centers,  is 
to  be  preferred  to  a  more  direct  route  that 
serves  these  centers  by  lines  of  road  branch- 
ing from  the  main  line.  While  this  is  not 
a  common  problem  in  road  location  at 
present,  it  is  likely  to  become  more  so  as 
motor  car  traffic  develops.  The  proper 
solution  of  the  problem  is  as  follows. 

Let  At  B  and  C  be  three  centers  of  pro- 
duction that  are  to  be  served.  Either  a 
circuitous  road  ABC  may  be  built,  or  a 
direct  road  A  C  with  a  branch  road  B  D. 

Since  the  rule  in  Chapter  VII  for  esti- 
mating the  value  of  1  foot  of  distance  in- 
cludes both  the  first  cost  and  the  capi- 
talized value  of  hauling  and  of  maintenance 
per  foot  of  the  road,  it  can  be  applied  in 
solving  this  problem  in  road  economics. 
(The  rule  referred  to  is  this :  To  a  first 
cost  of  $1  per  ft.  add  40  cts.  for  each 
1,000  tons  hauled  annually,  to  get  the  total 
value  of  1  ft.  of  distance.) 

Example :  There  are'  12,000  tons  to  be 
hauled  annually  from  A  to  C.  and  5,000 
tons  to  be  hauled  from  B  to  C.  The  dis- 
tances are  as  follows : 

A    C 20,000  ft. 

A  B  C 28,200  ft. 

B   C 14,100  ft. 

B  D  C 20,000  ft. 

Then,  according  to  the  rule,  1  ft.  of 
distance  for  the  12.000  tons  hauled  from 
A  is  worth  $l-f-(12X$0.40)=$.5.80;  while  I 
ft.  of  distance  for  the  5.000  tons  hauled 
from  B  is  worth  $l-h(5X$0.40)=$3.00. 
Hence  by  the  different  routes  we  have : 

(1)  A     C... $5.80X20.000=5116.000 

(2)  A  B  C    5.80X28,200=  163,500 

(3)  B    C...  3.00X14,100=    42,.300 

(4)  5   D   C  3.00X20,000=    60,000 

By  the  circuitous  route  (A  B  C)  we 
have  (2) -I- (3)  or  $102..560 -f  $42,300  = 
$205,860.  By  the  direct  routes  {AC)  with 
the  branch  (BD),  we  have  (1)  -|-  (4)  or 
$116,000 -I- $60.O00  =  $176.000,  whence  it  is 
evident  that  the  direct  route  with  the 
branch  is  cheaper  than  the  circuitous  route, 
in  this   case. 

But,  in  this  instance,  B  is  so  far  from 
the  main  route  AC  that  a  still  cheaper 
route  (if  no  traffic  is  to  go  from  B  to  A) 
is  found  by  building  only  the  two  roads, 
A  C  and  B  C.  for  then  we  have  (1)  -(-  (3) 
or  $116,000-|-$42,.300=$1.58,000. 

This  method  of  solution  is  simple  of  ap- 
plication, and  it  is  perfectly  correct  where 
the  first  cost  per  lineal  ft.  of  road  is  the 
same  over  any  of  the  routes.  If  the  first 
cost  per  lineal  ft.  :Iiffers,  then  consider 
only   the   capitalized   value   of   the   cost   of 


liauling  (40  cts.  per  ft.  of  distance  per 
1,000  tons  annually),  in  the  manner  above 
indicated,  and  add  thereto  the  actual  first 
cost  of  construction  by  each  of  the  routes 
under  consideration. 

Design  of  Economic  Cross-Section. — 
Having  considered  the  economies  of 
"rades  and  distances,  the  next  step  is  to 
design  a  cross-section  that  shall  be  eco- 
nomic. In  studying  the  various  text  books 
on  roads  we  find  many  examples  of  cross- 
sections  that  have  been  used  here,  there 
and  elsewhere,  but  usually  accompanied  by 
no  discussion  of  their  relative  economic 
value.  This  has  arisen  from  the  fact  that 
few  authors  of  road  books  have  ever  built 
a  road,  and,  of  those  that  have,  there  are 
fewer  still  who  have  kept  detailed  costs 
which  they  have  subsequently  analyzed  and 
reasoned  about. 

Nearly  a  decade  ago  the  writer  pointed 
out  the  ineconomic  cross-section  of  the 
standard  New  York  State  roads,  with  their 
deep  ditches  having  precipitous  side  slopes 
and  narrow  bottoms.  No  sort  of  a  road 
machine,  nor  drag  scraper,  can  be  used  to 
dig  such  ditches,  hence  the  work  is  done 
entirely  with  pick  and  shovel  at  great  unit 
cost,  prices  for  such  work  usually  being 
about  40  cts.  per  cu.  yd. 

The  v.riter  believes  that  the  cross-section 
of  a  country  road  should  usually  be  like 
that  of  a  village  street,  there  being  gutters 
at  the  sides  instead  of  ditches.  Such  a 
design  permits  the  use  of  road  machines 
and   scrapers  with  which   earth  can  be   re- 


moved at  a  fraction  of  the  cost  of  hand 
work.  Of  course  there  are  occasionally 
large  drainage  areas  that  deliver  their 
water  into  gutters,  in  which  case  the 
gutters  must  have  their  carrying  capacity 
increased  by  being  converted  into  wide, 
sliallow  ditches  with  gently  sloping  sides — 
a    shape   that   permits  the   use  of   scrapers. 

Deep  ditches  are  orten  ai7vocated  as  the 
means  of  removing  all  ground  water  below 
the  frost  level,  tbrs  preventing  heaving 
of  the  road  surface  in  freezing  weather.  It 
is  rare,  however,  that  soil  is  so  saturated 
as  to  require  any  such  precautions,  and, 
where  it  is,  tile  drains  should  be  substi- 
tuted by  the  deep  ditches. 

Deep  ditches,  moreover,  seldom  remain 
deep.  Rains  wash  their  sides  and  soon  fill 
them  UP  in  places,  requiring  constant  ex- 
pense  for   maintenance. 

At  one  time  the  writer  believed  in  mak- 
ing the  road  pavement  thicker  at  the  cen- 
ter than  at  the  sides,  but  he  has  changed 
his  opinion,  and  believes  in  uniform  thick- 
ness. It  is  true  that  the  wear  is  concen- 
trated at  the  center,  but  repairs  should 
be  made  frequently  enough  not  to  permit 
of  a  vertical  wear  of  more  than  about  an 
inch,  in  which  case  the  center  should  not 
be  more  than  an  inch  thicker  than  the 
sides. 

As  to  the  crown,  or  side  slope,  of  the 
pavement,  there   mav  well   be  a  difference 


of   opinion.      The   writer 
or  side  slope,  of  not  less 
foot   on   pavements    less 
Tl:i3  sharp  crown  serves 
way  clean,  as  the  dust  is 
ily    by    rain.      Although 
concentrate   the   traffic  at 
the  slightest  crown  on  a 
doc  3  the  same. 

Design  of  Economic  Pavement. — We 
have  now  ome  to  a  part  of  the  subject 
bristling  with  economic  difficulties. 

Two  factors  obviously  have  great  effect 
upon  the  cost  of  a  road  pavement:  (1) 
The  width  of  the  pavement,  and  (?"*  the 
thickness  of  the  pavement.  The  "standards" 
for  these  are  10  ft.  width  and  6  ins.  thick- 
ness, where  macadam  is  used,  and  we  see 
these  "standards"  applied  with  very  little 
discrimination. 

A  16  ft.  pavement  is  a  double  track  pave- 
ment— if  we  may  adopt  a  railway  term — 
for  each  vehicle  is  commonly  said  to  re- 
nuire  8  ft.  of  roadway.  As  a  matter  of 
fact,  the  .gauge  of  the  wheels  is  usually 
about  5  ft.  and  seldom  more  than  6  ft., 
but  the  8  ft.  width  provides  for  overhang 
of  the  wagon  body  and  for  slight  deviations 
of  the  vehicle  in  traveling.  Some  engi- 
neers use  9  ft.  as  the  proper  width  to  allow 
for  each  vehicle,  yet  there  are  many  double 
track  macadam  roads  only  12  ft.  wide,  _ 
on  which  two  ordinary  vehicles  can  crowd 
bv  one  another  witliout  the  wheels  going 
off  the  pavement. 

The  first  thing  to  decide  is  whether  the 
traffic  warrants  a  single  or  a  double  track 
road.  Yet  how  many  engineers  give  this 
matter  more  than  a  modicum  of  thought? 
A  railwav  engineer  would  be  condemned 
as  incompetent  were  he  to  design  a  new 
double  track  trunk  line  across  the  conti- 
nent, to  say  nothing  of  making  all  its 
branches,  or  feeders,  double  track  also. 
Yet  where  a  highway  engineer  speaks  of 
single  track  (8  ft.)  pavement,  even  en- 
gineers, raise  their  eyebrows  in  surprise, 
and  those  who  expect  to  use  the  road  are 
thunderstruck  at  the  public  parsimony  that 
denies  them  a  "standard"  (16  ft.)  road 
"as  p^ood  as  the  best."  The  writer  has 
met  this  resistance  to  economic  road  design 
so  often  that  it  has  ceased  to  surprise  him, 
although  there  was  a  time  when  he  mar- 
veled at  the  obtuseness  of  men  in  general 
and  farmers  in  particular  when  the  subject 
of  economic  road  design  was  up  for  dis- 
cussion. 

About  16  years  ago  the  writer  located 
and  designed  some  .50  miles  of  roads  in 
the  State  of  Washington,  in  a  section  that 
was  denselv  timbered  and  where  funds  for 
road  building  were  meagre — as  is  usually 
the  case,  timber  or  no  timber.  He  deter- 
mined to  grade  the  roads  for  a  double 
track  (16  ft.)  pavement,  but  to  lay  only  a 
single  track  (8  ft.)  pavement,  and  to  use 
plank  or  gravel  for  the  paved  portion.  Ac- 
cordingly, the  first  road  was  built  with 
plank  8"  ft.  wide,  provided  with  turnouts, 
16  ft.  wide,  at  short  intervals,  so  that  two 
drivers  of  roaded  vehicles  could  see  each 
other,  and  one  of  them  could  turn  out 
and  wait  for  the  other.  The  length  and 
spacing  of  these  turnouts  were  such  as  to 
add  the  equivalent  of  1  ft.  of  width  to  the 
entire  road.  A  turnout  8  ft.  wide,  50  ft. 
long,  every  400  ft.,  provides  for  two  teams 
on  \  turnout,  and  adds  the  equivalent  of 
only  1  ft.  to  the  8  ft.  road  width.  Un- 
loaded vehicles  need  not  use  the  turnouts 
even  in  muddy  weather,  for  the  occasional 
passing  of  an  unloaded  vehicle  onto  the 
unpaved  part  of  the  road  does  not  cut  it 
up  badly. 

Incidentallv  it  may  be  added  that  these 
roads  were  built  at  a  cost  of  only  $3,000 
per    mile,    including    the    heaviest   kind    of 
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clearing  and  Krubbing.  all  c'^'linB-  plank- 
in"  and  many  limber  trestles,  \o\i  culverts, 
etc. 

The    - 
jority 
have    !■ 
track     : 
rarely   1; 

pavement    w  <■ 

[>a\  i-iiirtit  Is  N- 

iios  and  kind  ui  iiidlcnaU  Used  lu  Us  cun- 
>lri:i  ticm 

In  our  next  issue  it  will  he  shown  that 
the  thi>km««  of  all  pavements  can  be 
K-  1   on   nearly  every   kind   of 

>•■  of    a    reconlly    devcl^ipcd 

nuiii"!  "I  I i>.it;ting  the  soil. 


The  Cost  of  Maintaining  Farm  Horses 
and  of  Raising  Hay  and  Oats 
in  Minnesota. 
The    following   data    should   he   of   value 

Ixifli       t..      t!;,        I;ii'!i\vn       ctuM'Tl.cr        for      CSti- 

n  to  the  eon- 

tr  -r    feed    for 

hi>  li"r>i-..  llu-  d.ii.i  have  Itci-n  abstracted 
from  ».|.IIrtin«  \"-^  4«  and  73  of  the  U.  S. 
P'  '  itlmre.   cntitlfd   "The 

t  itinc^oia  Farm  Prod- 

uct-- 11,.     niiii.iMis    contain    very    com- 

plete summaries  of  the  result*  of  careful 
IP'' -"'■■"'■■"-  .'.•'in,.  ■)  ,  ,,  ,r.  i'h.-_>  and 
1''  'ins  in 

f<.  hiille- 

tiii>  mark  the  bcKinninK  of  the  scientific 
application  of  cost  analysis  to  farming,  and, 
so  far  as  we  know,  arc  the  only  records  of 
their  kind  in  print. 

The  first  step  in  ascertaining  the  cost  of 
producing  crops  is  to  determine  the  cost 
of  a  horse  hour  and  of  a  man  hour.  To 
do  this  the  "route  statisticians"  (assisted 
by  the  farmers >  kept  accurate  records  of 
the  nimibcr  of  hours  that  each  horse  was 
actually  worked  each  day.  as  well  as  the 
number  of  hours  worked  by  each  man. 

For  the  purpose  of  condcn~ine  'hr-  re- 
sults, while  at  the  same  timi  ■  -e 
data  in  considerable  detail,  we  I  ,| 
the  rtcords  of  Rice  C"  is 
<•!    rIkhu    I'rt   acres    • 

There  were  •">  I  work   1.    1 -.  -    i^i. 

colts  or  ilriving  horses  1  per  larni 
time  of  the  farm  owner  wa 
being  of  no  more  value  than  of  his  hired 
men.  The  following  is  the  average  num- 
ber of  hours  worked  per  day  during  the 
years  IWrJ  to  I!»07,  including  the  time  of 
the  farm  owner: 


W<"-k  Dnyii.  Sunday. 

Man.         Hon*.  Man. 

J.inuary    n 'i            J. 16  i.Ki 

K.-I>nmry     •                    1  14  4.80 
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Av.riig,-  iti 
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follows : 
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It  would  appear  that  the   Sunday  work 
consisted  mainly  in  caring  for 'the  slock  and 
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averaged  StVi  per  year   (  1  in  Rice 

,  iiniy,  $.>">  in  Lyon  coiiii!>.  .uul  $4.3  in 
".  i.an  county.  The  detailed  cost  of  the 
leeil  in  Rice  county  was  as  follows  per 
horse  during   190o  to  1907: 

llM.  ct. 

Oraln  for  4  active  mos 1.4TT  at  0.7     $in  J  ^ 

Hay  for  4  winter  mo«...       '  '■••■  ■■•  ■■  •"  •; 

rjniln  for  8  active  men. . . 
Hay  for  S  active  inos. . . 

Total  ...  .  13,290  t64.9S 

The  prices  fur  grain  and  hay  were  the 
local  market  prices  less  the  cost  of  hauling 
from  the  farm  to  the  market.  The  grain 
was  oats,  barley  and  corn,  weighing  32.  48 

ami  .11;  lbs.   per  bushel,   r   •■    !v.     Oats 

at  0.8,><  ct.  per  lb.  is  thcr.  :dcnt  to 

27^4  cts.  per  bushel.  Dm;  .  ;.  .;irs  190.5 
to  1907,  the  average  farm  prices  of  farm 
products  throughout  Minnesota  were  as 
follows :  Oats.  31  cts. ;  barlcv.  45  cts. ; 
corn.  .39  cts.:  hay,  $6.27. 

The  feed  per  horse  per  day  was  as  fol- 
lows in  Rice  county : 

Winter  Active 

season.  neason. 

nrnln   12.1  lbs.  l.n.4  Ittt). 

Hay  IS.SIbs.  21.2  lbs. 

Total    27.9  lb».  36.6  lb*. 

\o  account  was  kept  of  pasturage  nor 
of  any  straw  fed  to  horses.  It  is  not  clear 
whethci;  the  lower  price  (0.7  ct.  per  lb.) 
for  grain  in  the  winter  season  was  due  to 
feeding  corn  instead  of  oats,  or  not.  It 
should  be  noted  that  the  feed  during  the 
winter  season  cost  $3.93  per  horse  per 
month  as  compared  with  $6.18  per  month 
during  the  active  seasen.  In  Norman 
county  the  co^'  •  >"  ■■•■i  ....  nuich  lower, 
due  to  the  pr.t  _   verv  l.irgely 

with  straw  in  !  iHs.     The  ex- 

tent to  which  this  was  done  is  well  shown 
by  the  following  record  per  horse  per  dav 
in  Xorman  county : 
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The  averawr  annual  cost  of  maintaining 
a  horie  in  Rice  county  was  estimated  as 
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O.  Baker's  contention  that  team  time  on  a 
farm  is  worth  only  a  fraction  of  the  ordi- 
nary rates  at  which  teams  are  usually 
hired. 

As  above  stated,  the  cost  of  board  in 
Rice  county  averaged  $14.36  per  month  per 
man  in  1907,  or  $172  per  year,  or  47  cts. 
per  day.  It  is  not  given  in  detail  for  any 
particular  county,  but  the  following  are 
typical  examples  of  the  daily  cost  of  board 
on  two  farms  in  190-5 : 

No.  1.    No.  2. 

Food    JO.lSl     $0,190 

Fuel  and  light 0.041       0.027 

Labor  (woman  at  $20  per  mo.)..   0.171       0.120 
Labor    (man    at    about    $35    per 
mo.)    0.019       0.012 

Total   $0,412     $0,349 

The  higher  cost  on  farm  No.  1  is  due  to 
the  fact  that  the  average  number  of  men 
boarded  was  only  3%  as  compared  with  5 
on  farm  No.  2,  thus  increasing  the  daily 
cost  of  the  labor  of  household  work  charg- 
ed to  each  man's  board. 

The  cost  of  producing  various  crops  is 
given  in  the  bulletin,  but  unfortunately  only 
the  average  cost  for  the  period  of  1902  to 
1907  is  given,  and  not  the  cost  for  1907 
also,  for  wages  and  prices  were  consider- 
ably higher  in  1907,  and  seem  likely  to  re- 
main so.  The  costs  are  given  in  terms  of 
the  acre  as  the  unit,  but,  as  the  average 
amount  of  product  per  acre  is  also  given, 
we  can  arrive  at  the  cost  per  bushel  or 
ton.  Interest  on  tlie  land,  at  5  per  cent,  is 
properlv  included  as  a  part  of  the  cost. 
The  following  is  the  average  cost  per  acre 

of  hav  in  Rice  county: 

Per  acre. 

Seed    $0,293 

Mowing    (first   crop) 0.36S 

Raking  (first  crop) 0.178 

Cocking  and  spreading  (first  crop) 0.199 

Hauling  to  barn  (first  crop) 1.099 

Mowing   (second  crop) 0.264 

Raking  (second  crop) 0.115 

Cocking  and  spreading  (second  crop)..   0.150 

Hauling  to  barn  (second  crop) 0.4S0 

Machinery,  interest,  deprec.  and  repairs  0.548 
Land  rental  ($70  at  5% ) 3.500 

Total    $7,178 

The  cost  of  the  seed  per  acre  was  deter- 
mined thus : 

8  lbs.  timothy  at  3  cts $0.24 

4  lbs.  clover  at  16  cts 0.64 

Seed  for  3  yrs.  at  $0,293   per  year $0.88 

To  the  above  t«tal  of  $7.18  per  acre 
should  be  added  about  $1  for  general  ex- 
pense, according  to  the  bulletin,  which 
would  give  a  grand  total  of  $8.18  per  acre 
of  hay.  The  average  yearly  production  of 
ha}'  (two  crops)  was  2.25  tons  per  acre  in 
Rice  county,  hence  the  cost  was  $3.64  per 
ton.  The  average  for  three  counties  was 
1.85  tons  per  acre,  hence  it  is  safe  to  say 
that  the  cost  averaged  not  far  from  $4 
per  ton. 

It  will  be  noted  that  there  is  no  item  for 
plowing,  the  reason  being  that  the  hay 
seed  is  sown  with  the  grain  crop  against 
which  the  full  cost  of  plowing,  etc.,  is 
charged.  It  may  well  be  questioned  wheth- 
er this  is  correct  accounting.  The  cost  of 
plowing  is  $1.25  per  acre. 

The  average  farm  price  for  hay  in  Min- 
nesota was  $6.05  per  ton  during  the  period 
of  1902  to  1907. 

The  cost  of  producing  oats  in  Rice  coun- 
ty during  1902  to  1907  averaged  as  fol- 
lows : 

Per  acre. 

Seed $0,997 

Cleaning  seed  0.023 

Plowing  (in  the  fall) 1.256 

Dragging 0.285 

Seeding  0.261 

Cutting   0.401 

Twine    0.335 

Shocking    0.165 

Stacking  0.772 

Stack  thrashing  (labor) 0.568 

Thrashing  (cash  cost) 0.774 

Machinery,  interest,  deprec.  and  repairs  0.517 
Land  rental  ($70  at  5 % ) 3.500 

Total   $9,854 


To  this  should  be  added  about  $1  for 
general  expense,  making  a  grand  total  of 
$10.85  per  acre.  The  average  production 
in  Rice  county  was  41  bu.  per  acre:  hence 
the  cost  was  nearly  26%  cts.  per  bushel. 
The  average  price  of  oats  in  Minnesota 
was  29.2  cts.  per  bushel  during  1902  to 
1907. 

The  bulletin  does  not  give  the  average 
wage  paid  during  1902  to  1907,  but  it  gives 
enough  data  to  enable  us  to  say  that  it 
was  about  12%  cts.  per  hr.  worked,  includ- 
ing board.  The  cost  of  a  horse  averaged 
about  8  cts.  per  hr.  worked,  during  the 
same  period,  on  the  basis  of  depreciation 
assumed  (which  was  confessedly  too  low) 
and  without  any  allowance  for  cost  of 
shelter.  But,  making  proper  allowance  for 
depreciation  and  shelter,  the  cost  of  a  horse 
was  about  9  cts.  per  hr.  worked.  It  is  clear, 
therefore,  that  a  team  and  driver  cost  more 
than  30  cts.  per  hr.  worked,  during  the 
period  of  1902  to  1907. 

It  should  be  noted  that  the  farm  owner's 
time  was  counted  the  same  as  an  ordinary 
farm  workman,  which,  as  above  stated, 
was  12%  cts.  per  hr.  Obviously  this  is  a 
questionable  procedure.  The  farm  owner 
is  really  a  superintendent,  even  though  he 
works  with  his  men,  and  he  is  of  a  grade 
of  intelligence  that  would  command  much 
higher  pay  than  an  ordinary  workman. 
The  farm  owner  really  gets  his  pay  in  the 
form  of  "profits."  If  proper  allowance  is 
made  for  "supervision,"  it  is  evident  that 
the  costs  above  given  will  be  considerably 
increased — probably  by  at  least  10  per  cent. 

The  permanent  value  of  the  data  in  these 
bulletins  would  be  much  greater  were  the 
averages  made  into  a  sort  of  composite  pic- 
ture, giving  a  typical  average  farm  organi- 
zation thus : 

1  farm-owner. 

3  regular  hired  men. 

2  extra  men  (4  extra  for  6  mos.). 
5  work  horses. 

1  woman,  household  work. 

Then  the  average  farm  "plant"  should 
be  listed,  giving  prices  of  each  item,  in- 
cluding buildings  and  land,  cows,  sheep, 
hogs,  etc.  Then  the  total  annual  product 
should  be  itemized,  giving  actual  unit  costs 
per  bushel,  pound,  ton,  etc. 

Then  should  follow  the  unit  costs  per 
acre,  and  these  should  be  tabulated  so  as 
to  show  the  amount  of  work  on  each  item, 
thus : 

Per  acre. 
Plowing:  1  team  and  driver,  4  hrs.  at  30 

cts $1.20 

Dragging:  1  team  and  driver.  1^  hrs.  at 
30  cts 0.45 

This  should  be  followed  by  the  number 
of  units  produced  per  acre. 

The  information  in  these  bulletins  is 
excellent,  but  is  not  arranged  as  above  in- 
dicated, and,  therefore,  any  item  of  cost 
on  any  given  farm  cannot  be  compared 
with  another  except  in  terms  of  dollars  and 
cents,  which  is  often  very  misleading  due 
to  differences  in  rates  of  wages.  In  brief, 
farm  costs  should  be  recorded  exactly  like 
engineering  construction  costs,  giving  the 
organization  of  the  working  forces,  rates 
of  wages,  prices  of  plant,  number  of  hours 
(or  days)  of  work  at  stated  prices  are  re- 
quired to  perform  each  item  of  work. 
When  recorded  in  this  manner,  accurate 
comparisons  are  readily  made,  and  correct 
conclusions  drawn. 

By  way  of  comparison  we  add  some  data 
taken  from  the  "Encyclopedia  Brittanica," 
under  the  head  of  Agriculture.  There  it  is 
stated  that  during  the  30  weeks  of  active 
season  on  the  farm,  each  horse  is  fed  16 
lbs.  of  oats  and  24  lbs.  of  hay  per  day.  The 
annual  cost  of  maintainifig  a  farm  horse  is 
estimated  thus : 


30  weeks'  feed  (active  season)  at  $2.75.$  82.50 
22  weeks'  feed  (inactive  season),  clov- 
er, at  $1.25 27.50 

Total  feed  $110.00 

Interest.  $200  at  5% 10.00 

Depreciation,   etc.,  $200  at  12^4% 25.00 

Total  annual  cost $145.00 

The  $200  includes  not  only  the  cost  of 
the  horse,  but  its  pro  rata  of  farm  imple- 
ments. There  was  about  1  horse  for  every 
30  acres  of  farm. 

It  is  stated  that  unmanured  land  yields 
(in  1873)  16  bushels  of  wheat  per  acre,  but 
that  the  application  of  400  lbs.  of  guano 
per  acre  doubles  the  yield.  In  1873  the 
average  yield  in  England  was  27  bushels  of 
wheat  (63  lbs.  per  bu.)  per  acre,  an  in- 
crease of  14  per  cent  over  what  it  had  been 
80  years  before.  The  present  yield  (1909) 
is  about  32  bu.  of  wheat  per  acre  in  Eng- 
land. 

In  1873  the  following  were  regarded  as 
being  "good  crops"  per  acre : 

1  ton  (2,240  lbs.)  of  grain  plus  2  tons 
straw. 

1  ton  of  beans  plus  1%  tons  straw. 

8  tons  potatoes. 

17  tons  beets  or  turnips. 

35  tons  cabbage. 


Systematic  Patching  of  Macadamized 
Roads  With  a  Specially  Designed 
Steam  Roller  and  Water 
Tank.* 
By  J.  S.  Pickering,!  M.  Inst.  C.  E., 
While  so  much  attention  is  at  the  pres- 
ent time  being  devoted  to  new  methods 
of  road  surfacing  in  order  to  meet  mod- 
ern requirements,  it  is  remarkable  that  lit- 
tle or  no  consideration  is  given  to  the  sim- 
ple but  important  operation  of  repair  and 
maintenance  by  systematic  patching.  The 
practice  now  prevailing  both  in  towns  and 
country  districts  is  to  allow  the  roads  to 
get  into  a  general  state  of  disrepair,  and 
then  to  resurface  them,  or,  where  patching 
is  attempted,  the  depressions  are,  as  a  rule, 
filled  in  with  loose  stone,  which  is  left  to 
be  ground  to  dust  or  to  be  scattered  by 
the  fast-moving  traffic,  a  system — or.  rath- 
er, want  of  system — which  cannot  be  too 
strongly  condemned.  However  carefully  a 
macadamized  road  is  made,  depressions  will 
appear  in  the  surface  long  before  the  road 
actually  requires  recoating.  and  if  these 
defects  are  neglected  the  life  of  the  road 
must  necessarily  be  shortened.  If  a  newly- 
macadamized  road  is  kept  under  observa- 
tion during  wet  weather  it  will  be  seen  that 
inequalities  of  the  surface,  which  at  first 
appear  to  be  small  and  unimportant,  grad- 
ually develop  with  the  action  of  the  traffic 
and  the  rain  water,  until  depressions  oc- 
cur which  allow  the  water  to  be  retained 
and  the  structure  of  the  road  to  be  weak- 
ened. Instead  of  allowing  these  depres- 
sions to  remain  and  to  become  worse  year 
after  year,  they  should  be  systematically 
repaired  as  they  appear. 

When  the  roads  are  dry  and  hard  the 
depressions  should  be  neatly  cut  out  and 
filled  in  with  suitable  patching  metal,  the 
smaller  material  removed  being  applied 
with  any  additional  material  necessary  for 
binding  purposes.  After  periods  of  rain- 
fall the  surface  may  not  require  to  be 
loosened,  and  in  this  case  the  depressions 
should  be  filled  with  metal  of  a  suitable 
gauge  and  covered  with  new  binding  ma- 
terial.    Rolling   and    watering   should   theri 


♦Paper  read  at  the  recent  Road  Conference 
convened  by  the  County  Councils  Associa- 
tion of  Great  Britain  at  the  Institution  of 
Civil  Engineers,  April  30;   May  2,   1909. 

tBorough   Engineer,   Cheltenham,   England. 
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The  length  of  the  roller  over  all  is  12  ft. 
and  the  width  5  ft.  The  rolling  wheel, 
which  is  placed  at  Ihc  rear,  .ind  on  which 
the  bulk  of  the  load  is  c<incrntrated,  i4 
3  ft.  6  in.  wide  and  3  ft.  ti  in.  in  diam- 
eter A  water  tank  of  200  gallons  capacity 
is  placed  over  the  rollinR  wheel,  the  water 
bcuiK  ilislributed  behimi  throiiijli  a  per- 
forated pipe  3  ft.  wide.  The  't 
is  divided  at  the  center  so  that  a 
either  1**  in.  or  3  ft.  may  be  kim  ■  1  m 
lop  e>f  the  water  tank  is  fornicil  into  an 
iron  bo.x  in  which  cast-iron  blocks  are 
placed  to  enable  the  weight  on  the  rolling 
wheel  to  be  adjuttcd  to  the  work  it  is 
required  to  do.  The  following  are  the 
weights  of  the  machine  under  different 
conditions : 
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ti-  I    wlth- 

11.  ■  a  CI 

W.  ;  1      With 

\i  5       I S       3 

W.;.  1    with 

l.i  :k  fui;  .f   ■,i.,>.  1    and  cdtled 

«.li,'tit.«     6       IT       3 

ToT:il    u.  I_!  •       ■'    •   ..i.-l,li  .■    wlth- 

1.  1    With 

V  6       19      8 

T  I  •■  with 
aJdiJ  Ati>:.'>iji  uiiU  tank  full 
ot     water 9       10      0 

This  roller  has  now  been  in  daily  use 
for  the  past  nine  months,  and  is  found  in 
every    w  '  .tory.     It    does    iis    work 

quicker  than  an  ordin.Tr\    sicim 

roller,  ai^i  n-  -i  has  already  Ix-cn  more 
than  saved  in  economy  over  the  old  sys- 
tem of  carrying  out  repairs.  The  stafT  en- 
gaged in  patching  consists  of  the  roller 
driven  and  two  men.  The  metal  used  for 
patching  is  drawn  by  the  roller  in  a  dob- 
bin cart,  whirh  holds  abnnt  2  lnn<  The 
roller  tr:.  ' 
and  wh' 

ab«'    "    ' '  ~    p'  r    II'  '1 1 ,     111'    \\  .11'  : 

is    •  the    fire    hydrants,   or     ■ 

wii:„ .:   irle    the    water-main   arc.i    :... 

supply  is  !.ik.  11  fri'iii  the  nearest  water- 
course, a  >iiam  w.itcrlifter.  with  suction 
hose,  being  provided  for  this  purpose. 

The  process  of  patching  is  r\  very  simple 
operation,  and   as  the  -i   are  em- 

ployed   lor   the    work    ■  nc   so   ex- 

pert that  it   '•      '  '   ' 
two   after   tl 

detect    t'      ■  ,    ... 

the  ro.T.  !■ 

ordir    •  y    rc- 

ver  :i    oi    the    engme,    it    may    be 

ni'  :  at   the   roller  cnr   hr  made  to 

pas.s  over  a  patch  18  in.  !"■ 
thirty   times   in   a   minnir 
to   find   what   a   s:i  r    is 

required   when   it   :  The 

two    taps    governiiik:       i"      -     •■  ■        ■     ihe 
spreader   at    the    rear    are    under    the    con- 
trol  of   the  .Ttt.nd.lii'     ,!.!    r    •       f    -li'     r  .'I.  r 
driver,    so   tli.it    t! 
ing  rolled  cin  be   : 

When  not  required  iur   ■■  -  ilic 

engine   may   be   used   as   a  -    for 

street-watering  purposes,  r, 
carry  4  tons  and  a  water  t  r 
gallons     being       made        uu' i.  n  im.:' .i  .r 


Springs  are  fitted  on  the  main  axle  for  oM      splinters    (%-in.    ilone)    which   have   pre- 

L..1.1...-        -..-. »      ;,  .1..1  ..1....1  ,1.,.  *.'._ 


ma- 
in or- 


This.  1 
sary   w 
decided    ad. 
chine  nuicli 
dinary   roller. 

The  machine  is  most  suitnWr  fnr  rolling 
tar-macadam  roads,  and  i<  found 

specially    serviceable    in    1  street 

crossings   and   in   maintaniin^ 
level    the    narrow     strip     of 
which  is  always  a   source  of  tr 
it  adjoins  a  trainw.iv  margin 
been    used    with   sikhcss   in    fin: 
newly    resurfaced    road    at'tir 
rollers  have  partially  consoliil:iv 
tcriat,  the  advantage  being  that  a  Itue  and 
compact  surface  is  obtained  without  cnish- 
ing   the   road   metal.    The   roller  could   be 
made  still  more  useful  if  it  h.id  attached  to 
it   a   single-lined    scarifier.    The   auth-r  be- 
lieves that  if  suitaMc  patching  rollers  were 
employed  by  county  authorities  there  would 
be  considerable  improvement  in  the  condi- 
tion of  the  roads   throughout  the  country, 
and  the  cost  of  maintenance  would  be  ap- 
preciably reduced.    The  number  of  rollers 
usually  provided  by  county  authorities  does 
not  permit  of  the  patching  work  being  car- 
ried   out    systematically,    and   even    if    the 
roller.s   could    be   spared    for   this   purpose 
from  their  usual  work  of  resurfacing,  they 
would   be   found   too  cumbersome   and   un- 
wicldly  to  properly  perform  the  work,  and 
the  use  of  horse-drawn  water  carts  would 
be    found    too     costly     and     impracticable. 
There  can  be  no  doubt  about  the  economy 
of  mending  roads  under  the  system  advo- 
cated, to  say  nothing  of  the  convenience  to 
vehicular  traffic.    The  author  t>elicves  that 
the  proverbial  "stitch  in  time"  is  as  true  in 
its  application  to  the  repair  of  roads  as  in 
any  other  connection,  but,  sini;  '        •         ' 
mentary   as   the   process    of   p 

cadamizcd  roads  may  appear,  tl.  

although  its  importance  is  generally  recog- 
nized, it  is  seldom  carried  out  in  a  sys- 
tematic and  scientific  manner  is  a  sufficient 
reason  for  bringing  the  matter  before  the 
conference. 

It  should,  perhaps,  be  mentioned  that  the 
roller  described  is  not  protected  in  any  way 
by  patents. 


Road    Treatment  With  Tar   at    Hart- 
ford, Conn. 

Two  years  ago  Ihc  roa'  ii- 

itol  grounds  in  the  city  oi  n., 

were  treated  with  tar  with  cxctilciit  re- 
sults. The  roads  before  the  treatment  were 
in  a   '!     '       '  ' 

of    the 


tirely   rebuilil    1: 
ed  to  treat  thr 
as    an   ex.T 
plisheil  in  ■ 


d  as  if  ike 

lie     1.1     rli. 


r"..i!'- 
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ul    Ihc  Cuinril 

'  of  all  dust 
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mixed  wii  and  liic  :  '  ti- 
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grees  F.,  uiisii  .ipplied  to  ll;e  i.-^ii  ll 
is    s|>read   over   the    rca'l    and    thoroughly 

quickly 

ide 

a 

liar 

is 

I'ers 
.  ■  \  111.  sl.jnt  I  oi  trap  rock 
iig  the  stone  (••  ->  uniform 
■Jipth  oi  1  in.,  it  should  l> 
rolled  a  sufficient  number  of  ■ 
oughly  imbed  the  stone  in  the  -' c  'im  ^  •.■; 
of  tar. 

Tt    ;,   ...,,.,;. I'.    -i;-,l-.ied  in  the  specifi- 
r    shall    be   used; 
..'!■,  tar  :ir'--  '':irred. 
ll  IS  also  retpiired  tlial  1  all 

be  prosecuted  only  on  a  ;he 

full   benefit  of  the  sun  ;  i.     It  is 

very  important   that  the  he  per- 

fectly  dry,    free    fr  -ire 

before  anv  tar  is  p! 

TH-  -  '<  "i-''-  ler 
this  re- 
main                      ,  ..         ..                    .  .;..'jut 

any  attention  whatsoever,  and  11  is  ob- 
served that  they  are  still  practically  dust- 
less,  and  present  a  smooth  surface  not- 
withstanding the  very  severe  winter  of 
19uT-8  and  an  unusually  dr>  l.ist 

year.     In  all,  the  results  have  the 

best  expectations. 

It  is  n>'t  to  be  expected  that  a  road  re- 
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Bridges,  Buildings  and  Foundations 


Note:  This  section  is  devoted  to  methods  and  costs  of  constructing  steel 
and  masonry  bridges  and  buildings  and  of  foundation  work  of  all  kinds.  It 
will  give  special  attention  to  erection  plant  and  tools,  falseworks  and  centers 
and  cost  data  of  all  kinds. 


Computation  of  a  Reinforced  Concrete 

Arch  Rib  with  Fixed  Ends  for  a 

Proposed  12th  Street  Bridge 

at    Oakland,  California. 

BY    A.    \V.    MILLER* 

Introduction. — The  assumptions  and  meth- 
ods for  designing  a  fixed  ended  arch 
are  taken  from  "The  University  of  Colo- 
rado Studies,"  written  by  Prof.  Chas.  Der- 
leth,  Jr.,  of  the  University  of  California,  it 
being  a  resume  of  the  192-ft.     main  arch 


angle  of  30°  radius  of  129.4  ft.,  the  two 
segments  with  48°  each  and  radii  of  36.5  ft. 
Place  elevation  crown  of  roadway,  4  ft. 
above  crow-n  of  e.xtrados.  Fill  with  an 
earth  filling  weight  =  110  lbs.  per  cu.  ft. 
Let  thickness  of  roadway  and  asphalt  pav- 
ing =  9  ins.  (.7.5  ft.).  Weight  of  roadway 
and  concrete  in  arch  =  140  lbs.  per  cu.  ft. 
Assume  a  live  load  of  100  lbs.  per  sq.  ft. 
for  ordinary  traffic  including  the  track  of 
the  trolley  system.  Assume  the  pressure  so 
distributed  that  there  is  uniform  load  of  100 
lbs.  per  sq.  ft. 
Required. — A  stress  sheet  for  dead  load ; 


/^ 


fi/ei/fra/  Ci/rye 


ff, 


I 


lon^/M/no '    Sec  Ac/?- 

M 


Cross  Secf/on. 


f/?gr-Confr. 


span  of  "Design  No.  11  for  a  proposed  me- 
morial bridge  across  the  Potomac  River  at 
Washington,  D.  C,  the  same  having  been 
designed  by  Prof.  William  H.  Burr,  of 
Columbia  University.  New  York,  during 
the  winter  of  1899-1900,  and  in  addition 
all  formulas  and  theoretical  developments 
have  been  checked  and  compared  to  the 
corresponding  subject  matter  in  Burr's 
Strength  of  Materials,  Merriman's  Strength 
of  Materials,  Church's  Mechanics,  and 
Cain's  .\rched  Ribs.  (See  references  ac- 
companying discussion.) 

The  author  makes  acknowledgment  to 
Prof.  Chas.  Derleth,  Jr.,  Dean  of  the 
College  of  Civil  Engineering  of  the 
University  of  California,  for  valuable  ad- 
vice and  criticism  upon  the  treatment  of 
the  subject. 

Data. — A  reinforced  concrete,  arched  rib 
with  span  of  155  ft.,  rise  of  30  ft.,  to  cross 
the  estuary  draining  Lake  Merritt  at 
12th  St. ;  the  e.^trados,  a  segment  of  a 
circle  with  radius  of  132.5  ft. :  the 
neutral  surface  of  segmental  elliptical 
form,  center  segment  30°  radius  of  131 
ft.,  two  end  segments  30°  each  and 
radius  of  90.5  ft. ;  the  intrados  of  segmental 
elliptical  form,  the  center  segment  with  an 

•Instructor  of  Civil  Engineering.  Polytech- 
nic College  of  Engineering.  Oakland.   Cal. 


and   live  loads  covering   1  {,   the   span   with 

tabulations  appended. 

Outline  of  the  Common  Theory  of  Flexure. 
Propositions   to  prove:   First,   position 

If.  J 
IT 


of    neutral    surface;    Second 
Eld'-z 


Third,  B  M=- 


or  B  M  = 


B  M=-: 
EI 


References. — Church's  Mechanics,  Chap 
III,  Arts.  224  and  231;  Burr's  Strength  of 
Materials,  pp.  35,  37,  39 ;  Merriman's 
Strength  of  Materials,  Chap.  II,  Art.  20. 

The  Elastic  or  Common  Theory  of  Flex- 
ure.— The  assumptions  in  regard  to  the  in- 


ternal stress  and  strains  of  a  simple  bearr» 
will  be  developed  first,  for  those  of  the 
arch  depend  on  them.  For  a  simple  beam  it 
is  assumed  that, 

1st.  The  loads  or  forces  are  perpendicu- 
lar to  the  longitudinal  axis  of  the  beam  and 
the  cross  section  is  small  in  comparison, 
with  the  length.     See  Figs.  1  and  3. 

2d.  The  beam  bends  under  the  influence 
of  the  exterior  forces,  and  the  fibers  are  in 
compression  on  the  concave  side  and  short- 
ened, and  in  tension  on  the  convex  side  and 
lengthened.     See  Fig.  2. 

3d.  Between  the  tension  and  compres- 
sion fibers  is  a  neutral  plane  whose  projec- 
tion on  the  XY  plane  is  called  the  neutral 
curve.     See  Fig.  1. 

4th.  The  curvature  is  so  slight  that  the 
external  forces  may  be  considered  perpen- 
dicular to  the  neutral  curve  and  in  the 
same  plane,  and  that  the  fiber  stresses  and 
strains  and  neutral  curve  may  be  consid- 
ered parallel  to  the  X  axis. 

The  X  axis  is  horizontal  and  the  Y  axis, 
is  vertical  with  origin  at  A.  See  Figs.  1 
and  2. 

5th.  The  stresses  and  strains  are  below 
the  elastic  limit  and  follow  "Hooke's 
Law,"  i.  e.,  the  stresses  and  strains  in  any 
fiber  are  proportioned  to  its  distance  from 
the  neutral  surface. 

There  are  three  propositions  to  prove: 

1st.  That  the  neutral  curve  lies  in  the 
longitudinal  axis  of  the  beam. 

2nd.     That   the   internal    bending    mo- 

ment  =-iy 

3rd.     Or  that  the  internal  bending  mo- 
^      EI   (d^z) 
ment= — rr^^ 
(dx-) 

Or,  that  the  internal   bending   moment 

r 

Where — 

K^the  maximum  allowable  fiber  stress. 

/  =the  moment  of  inertia  of  the  cross- 
section,  about  the  neutral  axis. 

£  =  the  coefficient  of  elasticity. 

D  =  the  maximum  distance  of  the  fibers 
from  the  neutral  surface.     See   Fig.  3. 

.::^the  deflection  of  the  beam.  See 
Fig.  2. 

r^the  radius  of  curvature  of  the  beam, 
the  curve  being  c=^f(x).     See  Fig.  2. 

First,  to  prove  that  the  neutral  surface 
lies  in  the  longitudinal  axis  of  the  beam. 

By  Hooke's  law,  the  stress  in  a  fiber  at 

a  unit's   distance    (see  Fig.  2)  is  -j^—a,    a 

also  is  equal  to  Eu  (u  being  the  strain  in 
a  unit's  fiber  length   at   a   unit's   distance 

from  the  neutral  surface)  from  £=— ,  by 

u 

definition  £  being  intensity  of  stress  divid- 
ed by  the  rate  of  strain. 

T    .r^.      „  ge      dn      a       J         , 

In  Fig.  2,  11=  =- =  —  =  T=  =(f«      dn  =  eg 
^  et        n       E 

=  equal  the  strain  in  a  fiber  length  n  at  a 
unit's  distance  from  the  neutral  surface. 

Since  all  the  external  forces  are  perpen- 
dicular to  the  neutral  curve,  the  total  in-- 
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Fig.   4. 


June  i.  1909. 
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Ay. 


Total  tension  =  71  I  d.\  v 

and  these  arc  rqiinl      Thrrrfnrr  r  mi!<t  lie 

upon  the  hf 

dA  y  is  the 

about  which  the  :>iaiil  iiiuiiunt  :>  LuIjiilc  i»       (iu)  and  Funicular  Frame  intercept 


I  dt-'U  1  .1111  -II.  l■.^^  0. 

Total  hori/'ii.il  .kf!.,  ii.>ns  c<iual  lero 

Total  vcT  equal  lero 

II      Pro. 

III.    The  A>>uii»:U  Cundiiioni  arc  that 

US 
,..-  equals  a  constant. 

Ci-0       Ref  Church  Art*  373-374. 

I'lr-O  Cain  30.  Eq.  10.  11.12. 

(ty-u  Burr236-1>38 

l\'.     Relation    between    Arch    intercepts 

1  (it). 


trial      funicular      frame.      Reference, 


i'i. 


"f  fifrtirf  ft   A'fhti  A??^f  — 


;1    *i:ri.i.r    r.j.;.ii    ". 


JNH2-0 


Where; 
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dA  1=1  dA  V.     The 
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common 
C 


I        fiia—ib)       Kef.  Burr  239. 
I  11  -  I  ( lujr — ibx) 
I  IV  -  1 1  iay — iby) 


factor   -Tj  canceling  out. 

'-'  V.     Method  of  obtaining  true  Funicular 

Second,  to  prove  that  the  mtcrnal  bend-  f^me  from  trial  Funicular  frame. 

ing  moment  equals  -jj-  First:  making  jiax  -  fidx  by  the  lever 

The  force  upon  the   strip  dA  is^.dAy  %T}  F'.""P'':,   R'^f*^';^"":     Church   Art. 

"^                      '^               D       -^  3<7;  Cam  48-ol.  Art.  jL'. 


lani-i-  ir.  in  im-  i:. 

K,  and  R:  are  tl 
arch. 

By  the  "Common  Theory  of  Flexure," 

Where : 
Jf  =  the    external    bending    moment    to 

Whi'"*'     '^"-    -ir.-li    i<     .n]»"«-i-»fil 

;  sec- 

tion. 

To    find    the    deflertion«    d-"r    t"    incmsl 


moment.    M  --tt-  from  which  A'---'    . 

h    also _-    - from  which 

Fit  n 

Mn 

1 .  d*  ~  '-=j-  and    for   whole    length   of 

member  total  angular  de6ections  equals 

2.  The     horizontal     linear     deflection 

BC-{d*)y-^''^'^j—     See    Pig    A  lor    the 

Imi-th  n.     For  the  Viend- 
ns  throughout  the 


Let    d.\f   equal    the    bending    moment    of 
this    force   about    the    Neutral    Axis.      Its 

K 
D' 
Kl 


lever  arm  is  v.    dM  for  d.4=  jjdA^  from 

which  total  ^1  ~jj  |  <'"'  ^  =^  "TT  '•'"*=e  the 

the  moment 


Second:  I  iay  and  I  iJy  are  inversely  pro- 
portional to  the  trial  and  true  pole  dis- 
tances of  the  funicular  frames.  Refer- 
ence: Burr  lM3-2-l'>;  Church  Art   381. 

VI.     .-Xn    acc\irati-    method    of    obtiiining 
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3.    The  vertical  linear  deflection  <*B  — 
(«M)x-^    See  Fig  4 
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Total 
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f 


vertical 
■Mxn 


linear     deflection 


The  n's  should  be   so 


chosen  that  -j  = 


a  constant,  M=^Hi,  where  //^pole  dis- 
tance for  the  true  furnicular  polygon  ^ 
horizontal  thrust  and  i  is  the  bending  mo- 
ment   intercept   for   the   fixed    ended    arch, 


i._e.,  the  distance  from  the  arch  to  the  true 
funicular  frame.     See  Fig.  5. 

Proof  that  M  —  Hi. 

For  any  given  loading  upon  the  arch 
there  is  a  true  funicular  or  equiHbrium 
frame.  This  frame  gives  the  position  and 
direction  of  the  residtant  of  the  external 
forces  at  any  section,  as  Si  —  S2,  upon  the 
arch.     The  magnitude  of  this  resultant  can 


be  found  from  the  ray  in  the  funicular  or 
equilibrium  polygon,  which  is  parallel  to 
the  line  tangent  to  the  frame  at  the  section. 

Let  R  be  the  resultant  at  Si  and  H  its 
horizontal  compound  =  pole  distance. 

Let  p  =  the  distance  of  R  from  section  and 
i  the  intercept.  See  Fig.  5.  By  similar  tri- 
angles Rp  =  Hi  Q.  E.  p. 

Then  in  the  e.xpression  for  moment,  the 


Fig.  7. 


June  2,  1909. 


pole  distance  is  constant  and  i,  the  inter- 
cept betwrrn  the  arch  and  true  frame,  is 
ihc  only  \ariable. 
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fiat   time*    tyt    must   «jiia!   ih<-   «'im    fib) 


.K: 


Let  the  trial  frame  be  BxEAPE^t.    See 

Fig.  7.    It  is  nccc»>ary  !• 
m,m,  Ko  that  llir  siiiii  m 


Therefore:  v.-^  I  1-0 

For   any   given    n    vcrlu-al    deflection   = 
iii-^Jx,  and  hori/onial  deflection  =  (d^)y. 


twfcn  the 
draw  the  1. 


/r</e  flo/t  0*sfo/)c» 


the  iyt)  aitii 
ciilate  thf  XT'- 


Fr 


for  the  Trial  Funicular 


f/}^r-  Confr 


Fig.  9. 


the  x'i  and 

Ihrmiijii  111' 


frotn  axes 
lixcd  ends 


the   t"I.Tl   ^iMii   ■■!    11"  ir   <niit'M"nS  — 
Therefnre : 

Hn  t-Rt 


.•Ki  Hn  ^Rt 

I  J  W-0- —  I  ivand. 

^AT,                Hti  ^K. 
j'(y)-0 |..v 

The  assumed  conditions  are . 
I.    ■=-. -a  constant. 

J ••/"■', 
i-0. 
R, 
fRt 
■Ix-O,  and 
•    A'l 

4      In-" 
•'  R, 
Note — There  are  various  ways  of  making; 

«M                     .      //  ■                ,     " 

=-=•  a  constant  ; 

EI  I 

mustth.nl.,'.  '1 
is  to  n                               ■  I  vary  a  sec.  ♦.  ihc 

angle  of  the  arch.  This 
make-i  the  huri^uitul  projections  of  theii'i 
vr\u:i\ 

T.>  ,-ati>i:.  ns  the  true 

e.iuililiriimi  must     be 

found,  and  '"; 

frame  and  ■  ' 
tl-    •- 


B'--'    '■■■     I 

arc  co-incident 

I^t  ia  be  •'■  ■■ 
int;  liii.-  k  , 
ft.    .Tn.l 

>  .|tilll!T  villi 

liii.-  MM. 


itil  **rif-r»t« 


h**Iutrn    tlir  rl- 


1.     Then        I  (       n  -yib),   mtt 


/ 


I  j 


I-  .1 


(/• 


Xrite— The  x's  are  measured  from  the 
abutments  and  the  y's  from  the  sprinRing 
line  of  the  arch.    See  Fig   ' 


line  / 
sum 


irnliL'l  III  It      1  his  iiiaKc>  tm: 
al  zero. 

..,,,1,.,   „   ,1,,,    ,ih)  times 

!  the  in- 
•  :     ;  il  frame 

must  be  equal  and  coincident  with  the  re- 
sultant Rn  of  the  intercept  between  the 
line  fiiBi  and  »ii»3. 

A'l!  i<  the  r.-nfer  of  the  arch.     \  new  line 

•      '        '■  uld 

is 

;■■  .i.-  ■■.  I-    ,■....■-.,   ■     ■ I  ■   ..-ing 

b  as  an  origin.     See  Fij;.  7. 

Divide    the    rectangle    Bin,n,Ba    into    the 
triangles  B,n,n,  and  BytttBi. 

Let   7'i  be  the  sum  of  the  intercepts  of 
triangle  Bitiiti::    also  Tj  for  triangle  BiWjBj. 
Then  T,  +  T,  =  Rn. 
T,  and  T.-  are  symmetrical  about  the  cen 
ter  vertical  a.xis. 
Rt>  will  then  be  divided  by  the  principle 


cen' 

section  i — i^,  are 

lar  frnme  a?  in  • 

dr.-. 

fra- 

0.1 1 

1                            -e  Fijf.  7) 

,  a  horizontal 

Ihr                                  •■-■    ' 

—    -     » 

at  t 

off 

By  the  the 

momrnf^  nf  • 

alx. 

y   .: 
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frame. 
T'        •   -      ■      •-        ••     ■■ 
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true  length  ui   the  intercept 
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See  Fig.  8. 
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taken  at  the  crown  =  4  ft.  with  d  —  3  ft 

See  Fig.  7,  Table  I. 

TABLE  I, 


No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 


Length. 
25.20 
10.50 
5.40 
4.40 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 


Depth. 
5.60 
4.20 
3.30 
3.10 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 


(n/d^). 
.148 
.148 
.148 
.148 
.148 
.148 
.14S 
.148 
.148 
.148 
.148 
.148 
.148 
.148 


The  loads  for  each  subdivision  or  n 
should  ne.xt  be  calculated.  The  equivalent 
side  elevation  area  for  each  n  must  be  ob- 
tained for  both  the  earth  fill  and  concrete. 

See  Table  I,  Fig.  7.  ,    ,.     , 

Horiz.  Depth    Depth      Vertical 
proj.    earth,  roadway,  depth. 


No 

1 

9 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 


19.70 
9.25 
5.00 
4.00 
3.90 
3.90 
3.90 
3.95 
3.95 
3.95 
4.00 
4.00 
4.00 
4.00 


28.50 

17.00 

13.00 

11.50 

10.00 

9.00 

8.00 

7.00 

6.25 

5.50 

5.00 

4.70 

4.40 

4.20 


.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 


Total  load  is  by  addition. 
Fig.  7. 


12.25 
5.25 
4.00 
3.50 
3.20 
3.10 
3.10 
3.05 
3.05 
3.05 
3.05 
3.05 
3.00 
3.00 

See  Table 


Equiv. 
concrete. 
13.00 
6.00 
4.75 
4.25 
3.95 
3. 85 
3.85 
3.80 
3.80 
3.80 
3.80 
3.80 
3.75 
3.75 


No. 
1 
2 
3 
4 
5 
6 


9 
10 
11 
12 
13 
14 


Dead  load. 
77,000 
23,000 
10,300 

7,800 

6,400 

5,950 

5,500 

5,100 

4,800 

4,550 

4,350 

4,150 

4,050 

4,950 


166,900 


Live  load. 
2,000 
900 
500 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 

7,800 


Total  load, 
79.000 
23.900 
10,800 

S.200 

6.S00 

6,350 

5.950 

5,500 

5,200 

4,950 

4,750 

4,550 

4,450 

4,350 

174,700 
7,800 


Sum  of 
total 
loads. 
79.000 
103,900 
113,700 
121.900 
128,700 
135.050 
140,950 
146,450 
157,650 
156,600 
161,350 
165,900 
170,350 
174,700 


166,900 


Check  166,900 

Total  •.•.... 341,600 


7,    TABLE    I,    OF    L0.\DS,    2    OF    L0.\DS 
DISTANCES    BETWEEN     CENTERS— ONE- 
HALF    LIVE    LOAD. 


AND 


P.  o 


M 


No. 

14 
13 
12 
11 
10 
9 


6 

5 

4 

3 

2 

1 
Rl 
FIG. 


-.  ^4 

T 

i" 

o  o 

""  - 

•3 

a- 

3  - 

O 

n 
3 

fD 

. 

1   • 

fn 

•  a 

Loads. 

M 

■  .^ 

4350 

43o0 

4.00 

2.00 

4450 

SSOO 

4.00 

4.00 

17400 

13350 

4.00 

4.00 

35200 

4750 

18100 

4.00 

4.00 

53400 

4950 

23050 

3.95 

3.98 

72000 

5200 

28250 

3.95 

3.95 

91000 

5500 

33750 

3.95 

3.95 

111000 

5900 

39650 

3.90 

3.92 

132000 

6350 

46000 

3.90 

3.90 

155000 

6800 

53800 

3.90 

3.90 

180000 

8200 

61000 

4.00 

3.95 

210000 

10800 

71800 

5.00 

4.50 

275000 

23900 

95700 

9.25 

7.12 

505000 

79000 

174700 

19.70 

14.48 

.  9.85 

1380000 
1720000 

7,    TABLE    I,   OF    LOADS,    S    OF    LOADS 
DISTANCES    BETWEEN    CENTERS — ONE- 
HALF    LIVE    L0.\D. 

a  o  £  « 

<t     fc-  _^  FT 


No.     Loads. 


rM 


r*0 

n>  P 

M  0! 


15 

3950 

3950 

4.00 

2.00 

16 

4050 

8000 

4.00 

4.00 

15800 

17 

4150 

12150 

4.00 

4.00 

32000 

17 

4350 

16500 

4.00 

4.00 

48600 

19 

4550 

21050 

3.95 

3.98 

65500 

20 

4800 

35850 

3.95 

3.95 

83000 

21 

5100 

30950 

3.95 

3.95 

102000 

22 
23 
24 
25 
26 
27 
28 
R2 
FIG, 


5500 

5950 

6400 

7800 

10800 

23000 

77000 


36450 
42400 
48800 
56600 
67400 
90400 
167400 


3.90 
3.90 
3.90 
4.00 
5.00 
9.25 
19.70 


3.92 
3.90 
3.90 
3.95 
4.50 
7.12 
14.48 
.  9.85 


121000 
142000 
165000 
193000 
255000 
480000 
1300000 
1640000 


Sec. 
14 
13 
12 
11 
10 
9 


4 
3 
2 
1 
R 


T.ABLE   I.   OF    MO.MENTS   OF   LOADS   FROM 
SECTION   TO   CENTER — ONE-HALF  LIVE  LOAD. 
POLE    DISTANCES^?00,000    POUNDS. 


Mom. 


17400 

52600 

116000 

188000 

279000 

390000 

522000 

677000 

857000 

1067000 

1342000 

1847000 

3227000 

4947000 


.09 

.26 

.58 

.94 

1.35 

1.95 

2.61 

3.38 

4.28 

5.38 

6.71 

9.23 

16.13 

24.73 


Sec. 

ie 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
R2 


Mom. 


15800 

47800 

96400 

164900 

247900 

349900 

470900 

612900 

777900 

971000 

1226000 

1706000 

3006000 

4646000 


J. 

".OS 

.23 

.48 

.32 

1.24 

1.75 

2.35 

3.06 

3.89 

4.85 

6.13 

8.53 

13.03 

23.23 


Figure  7  is  the  stress  sheet  for  the  one- 
,half  live  load.  Over  the  arch  itself  Table  I 
is  drawn,  line  one  contains  the  numbers 
of  the  spaces  into  which  the  arch  is  divided, 
line  two  their  true  lengths,  line  three 
their  horizontal  projections,  line  four  their 
average  vertical  depths,  line  five  the  dead 
loads,  line  si.x  the  live  loads,  line  seven  the 
total  loads,  line  eight  the  sum  of  the  loads 
from  /?2,  line  nine  the  sum  of  the  loads 
from  the  center  each  way,  line  ten  the  mo- 
ments of  the  loads,  between  the  section  and 
the  center,  about  the  section  as  an  origin, 
and  line  eleven  the  intercept  /  for  location 
of  the  trial  funicular  frame,  using  a  trial 
pole  distance  of  200,000  lbs. 

Let  the  trial  frame  be  B^E^OEzB:.  It  is 
necessary  to  find  a  closing  line  m^m■•  so  that 
the  sum  of  the  intercepts  (ib)  equal  zero, 
and  the  sum  of  their  products  (ib)  times 
(x)  is  also  equal  to  zero.  First  get  the 
average  value  for  the  intercepts  between 
the  line  B1B2  and  the  trial  frame  and 
draw  the  line  Jhii^  at  this  height  above  the 
line  BiB;  and  parallel  to  it.  The  work  can 
be  greatly  facilitated  by  making  a  table  for 
stress  analysis.  This  is  Table  II,  which  is 
given  further  along  in  this  article.  Column 
1  gives  the  section  of  the  arch,  column  2 
the  intercepts  between  the  springing  line 
Ai^Ai  and  the  arch,  column  3,  the  inter- 
cepts between  the  line  BiB-  and  the  trial 
frame.  The  value  for  5i»i  and  Bjh  is 
found  bv  dividing  the  sum  of  column  3  bv 
28,  and  is  equal  to  20.53. 

To  satisfy  the  condition  that  (ib)  times 
(x)  equals  zero,  the  resultant  Rb  of  the  in- 
tercepts between  BiBt  and  the  trial  frame 
must  be  equal  and  coincident  with  t!ie  re- 
sultant Rn  of  the  intercept  between  the  line 
B1B2  and  >h)h. 

Rn  is  at  the  center  of  the  arch.  Rb  is 
found  by  the  principle  of  moments  using 
Rl  as  an  origin.  Column  4  gives  the  lever 
arms,  column  5  the  moments.  From  col- 
umn 3.  Rb  equals  574.90  and  its  position  is 
found  by  dividing  the  sum  of  column  5  by 
the  sum  of  column  3,  and  is  77.38  ft.  from 
Rl  or  the  left  abutment. 

Divide  the  rectangle  BiiixnSz  into  the  tri- 
angles Bill,}!:  and  BxthB^ 

Let  T-i  be  the  sum  of  the  intercepts  of 
triangle  BiihU:  =  287.45;  also  T2  for  tri- 
angle  B^n^B^. 

Then  T, -f  T.  =  ./?  =  574.90.  See  col- 
umn 3. 

Ti  and  T^  are  symmetrical  about  the 
center  vertical  axis.  They  are  at  a  dis- 
tance of  02  ft.  from  the  abuts  determined 
by  the  principle  of  moments  obtained  by 
dividing  the  sum  of  column  7  by  the  sum 
of  column  6. 

Rb  will  then  be  divided  by  the  principle 
of  the  lever  into  its  true  components,  T\ 
and  T'a,  and  the  resultants  of  triangles 
vhrihBi  and  Biti^Bz,  which  will  have  the 
same  ratio  to  Ti  and  T-  as  BiMi  and 
BM'.  have  to  Siiu  and  52>!-. 


The  span  T^"  and  7-' =  31  ft. 
Ti'  =  15.38  ft.  from  Rb  and  7=' 
ft.  from  Rb. 


15.62 


Ti,»„7-i    574.90X15.62      ,„, 
1  hen  i  ,'  = and  To' 

574.90X15.38 


Biiiii  - 


31 
41.06X15.62 


31 

41.06X15.38 
31 


20.63  and  B-ym^- 


30.43. 


Note  41.06  =  BlWl-^Bo^^,. 

Column  8  gives  the  intercepts  of  the 
trapezoid  mitihBtB^,  and  subtracting  these 
from  column  3,  the  values  of  column  9  are 
obtained,  giving  the  true  values  (ib)  on  the 
trial  frame  such  that  the  sum  of  (ib)  equals 
zero  and  the  sum  (ib)  times  (.r)  equals 
zero. 

The  line  KiK,  should  be  drawn  on  the 
arch  as  the  average  of  its  intercepts  which  was 
25.-53  above  the  springing  line  Ai  —  A2  col- 
umn 10  is  obtained  by  subtracting  the  value 
25.33  from  the  intercepts  in  column  2  and 
gives  the  value  of  (ia)  such  that  the  sum 
(ia)  equals  zero  and  the  sum  (ia)  times 
(.v)   equals  zero. 

If  the  sum  (iy)  equals  zero,  then  the  sum 
(ia)  times  (y)  must  equal  the  sum  (ib) 
times  (y),  and  if  they  are  not  equal  they 
are  inversely  proportional  to  the  ratio  of 
the  trial  pole  distance  to  the  true  pole  dis- 
tance of  the  funicular  frame.  Since  there 
are  two  intercepts  for  each  (y)  their  sums 
by  pairs  are  obtained  in  the  upper  halves  of 
columns  11  and  12,  and  the  corresponding 
values  of  (ia)  times  (y)  and  (ib)  times  (y) 
are  given  in  the  lower  halves  of  the  same 
column.  The  F'j  are  found  in  column  2. 
The  ratio  of  the  sum  of  the  (iby)  to  the 
sum  of  the  (iay)  is  0.78.  These  values  are 
checked  by  the  deflection  pob'gons  on  Fig. 
7.  The  deflection  polygons  are  cantilever 
funicular  frames  with  the  crown  of  the 
arch  as  the  origin,  the  intercepts  ia  and  ib 
as  forces.  The  intercept  CDa  (see  Fig.  7) 
is  the  moment  intercept  for  the  quantities 
(ia)  (r — y),  about  the  point  in  the  crown 
of  the  arch,  this  being  a  caatilever  bending 
moment.  (r)  =  the  rise  of  the  arch. 
CDb  is  the  corresponding  value  for  (ib) 
(r — y).  These  are  called  deflection  polygon 
intercepts  and  have  the  same  ratio  as  the 
sum  iay  and  the  sum  iby  and  equal  0.78. 
The  true  pole  distance  therefore  is  200,000 
lbs.  times  0.78,  1-55,000  lbs.  The  true  equi- 
liBrium  frame  intercepts  then  become  1.28 
times  the  trial  intercepts  (ib)  and  are  shown 
in  column  13.  The  true  bending  moments 
intercepts  are  then  found  by  subtracting  the 
(ia)  intercepts  from  the  true  (ib)  intercepts, 
i.  e.,  the  value  in  column  10  from  those  in 
column  13.  These  last  values  are  given  in 
column  14  and  the  external  bending  mo- 
ments in  feet  pounds  are  given  in  col 
umn  15. 

As  a  check  the  value  of  column  14,  from 
H  to  n,  should  equal  zero.  In  the  problem 
the  intercepts  are  so  small  that  they  cannot 
be  read  or  calculated  accurately.  The  sum 
of  the  positive  values  equals  2.04  and  the 
negative  value  2.29,  a  difference  of  25.  A 
change  of  .01  ft.  on  each  intercept  would 
change  the  value.  Hence  the  work  is  close 
enough  for  practical  purposes. 

Drawing  the  true  equilibrium  frame  upon 
the  arch,  the  intercepts  will  have  appreci- 
able values  at  the  abutments,  but  in  the 
central  portion  the  frame  will  so  nearly 
coincide  with  the  center  of  the  arch  that  it 
has  been  omitted  on  Fig.  7. 

The  rays  of  the  equilibrium  or  funicular 
polygon  are  drawn  from  H,  the  true  pole 
distance,  and  the  resultant  thrusts  as  tabu- 
lated in  column  16  are  found.  The  normal 
thrusts  and  shears  at  any  section  are  found 
by  resolving  the  resultant  thrusts  into  com- 
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TAHLK  II.   rot  STUSS  ANALYSIS  FOR 

L'NMt    THE    lAAOS,     (t.N     ACTL'AL 

SHEET   ALONG    WITH 


ONE-HALF  UVE    LOAD,    THE    INTESCCrT    BEING    MEASt'tCS 
PRACTICE  THIS    TABLE    IS    PLACED    CPON     THE    STRESS 
THE    DIAGRAMS   USUALLY  ON    THE    RIGHT    END). 
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ut  acting 
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In  consuK-rinK  the  effect  of  reinforcing, 
Mn        _..       ,         „      Hnt  . 

P*  -£  (/.+.M  Therefore:  S^,;,^,;,,-© 

"■■'   ■      .0    v_i_""'^>-    _o 
-      Eil,-\-d,>    " 
•  -.I   r>ir  ..r  or   polc  distflncc. 
■■ticity   of   concrete 

In 

•V  of  steel  = 


V 

// 
/ 


/ 
30.1  ■■  11. 

/,  =:  liiuiiitiil  i,(  ii;trti.i  *:  concrete. 

/j^ moment  of  iiicrti.-i  nf  vtccl. 

.-fi  =  arca  of  concrete. 

.-f,  =  arca   of   steel. 

f—i:..  divided  by  E,  =  I-.' 

T^  Normal  thrust.     Sec  column   IT.- 

M  =  external  bondinK  moment. 

rf,  ^extreme  distance  of  concrete  from 
neutral  >urface. 

rf,  ^extreme  distance  of  steel  from 
neutral  surface. 

J,  =  extreme  stress  in  concrete. 

Ji  =  extreme  stress  in  steel. 

Not.-  —These  E's  arc  not  the  points  on 
the  •ilri'.s  sheet. 

The  steel  should  be  less  than  1  per  cent 
of  ih.-  :irca  of  the  cross  section  and  it  can 
be  neglected  in  makins  appro.ximpatc  cal- 
CTilations. 

In  Miakini;  the  calculations  it  is  more  con- 
venient to  i.ikc  1/12  of  T  and  a  vertical 
section  of  the  arch  1  in.  wide.  Then  /  be- 
comes equal  to  rf"/12.  Sec  column  20.  Col- 
umn 18  gives  d  in  inches  and  column  19,  (P. 

This  also  makes  the  bending  moment  in 
foot  pounds  in  column  l-i.  the  bending  m 
inch  pounds  for  a  section  1  in.  wide. 

All  dimensions  bcini;  reduced  to  inches, 
the  stresses  in  the  extreme  fibers  of  the 
concrete  without  steel  are  found  by  the 
formula : 

S,  -  -I-  +  ''';-     See  Column  22. 
/»i         '1 
If  steel  is  used,  the  maximum  stresses  in 
the  extreme  fibers  of  the  steel  and  coacrete 
are  found  bv  the  formulas: 


5,- 


/. 


See  Column  23. 
SccColum»24. 


.Iwj/yJij  of    ihitmoi  5frc«rr.— The  ex- 
pansion  nnd  rontrarti.-n  'bn-   tn   variiitions 
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i.   e,    the   ones   induced   by   thcrni.U    \atia 

tions.      See    Fig.    10. 

The  problem  becomci  to  find  the  mag- 
nitude of  the  induce. 1  b'ni/ontal  thrust 
and   its  line  of  action. 

If  it  is  of  value  cross  section  divide 
it  into  the  weighted  lengths  "u"  such  that 
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jrt-  a  constant. 
Since  the  arch   is   symmetrical  in   refer- 


ence to  both  the  x  and  y  axis  through  the 
vertex.  K,K,  tl  r  ratifies  the  condi 

lion  Si  =  0  is  >    taking  the  aver- 
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age  of  the  value  of  the  arc  intercepts.  Sei.' 
Fig.  10.  The  ne.xt  is  to  determine  the  value 
of  the   horizontal   thrust,   H. 

This  can  be  clone  by  either  of  the  eq^a- 
tions, 


Dh- 


f 


R-2  Mny 
R     EI 


or  Dv 


■=r7  is  a  constant  and  21  = 
EI 

tions  can  be  rewritten  : 

„       Dh  EI  Dv  EI 

H  =  — ^-f; or 


Hi.     The   equa- 


"J  R.  '>■         "J  K,  ^-^- 

From  which : 

The  point  Ai  being  considered  as  an 
origin,  the  .r's  being  measured  from  At  the 
y's  from  the  springing  line  AiA-  and  the 
intercepts  or  i's  from  KiK:.    See  Fig.  10. 

Let  T  =  range  of  temperature  and  q 
coefficient  of  e.xpansion,  and  1  =  horizontal 
length  of  span.  The  true  deflections  sho.ild 
be  found  from  the  equation  of  the  arch,  but 
appro.ximations  are  used.  The  formula 
Dli  =  Iqt  is  used  by  most  authors.  B'.irr 
assumes  Dl'.  The  method  in  all  cases  is  to 
assume  or  calculate  the  numerical  value  of 
Df  or  Dh.  The  products  DvEI  or  DliEI 
can  be  obtained  then. 

A  rise  or  fall  in  temperature  from  that 
temperature  b"  which  the  rib  was  finished 
and  closed  causes  it  to  expand  or  contract. 
The  abutments  being  fixed,  this  induces  a 
horizontal  compression  for  e.xpansion  or  a 
horizontal  tension   for  contraction. 

If  free  to  cove  the  rib  would  change 
by  the  Dis.  A,,  A^\  =  Dh.  See  Fig.  10. 
The  induced  thrusts  must  be  and  are  suffi- 
cient to  cause  such  movement  on  a  free  rib. 

For  Fahrenheit  degree  q  =  .0000065. 

For  centigrade  degree  q  =  .000012. 

£  of  concrete  =  3000000. 

For  a  range  of  80°  F.  and  expand  of  155 
ft.  Dh  =  (.0000066x155x80)  =  .082  ft. 


H- 


and 


■  082X3000000 
.148X436.3 


=  38000,  since- 


.148 


ij'  =  456.3   from    calculations 


previous  problems. 

The  tabulations  are  carried  on  for  only 
Vz  the  arch  because  it  is  symmetrical  about 
the  center. 

If  erected  at  60°  F.  and  the  range  was 
10°  F.  to  100°  F.,  the  stresses  would  be 
only   about   %   those  tabulated. 

In  general  steel  arches  readily  take  the 
temperature  of  the  air,  so  that  the  ex- 
treme fall  and  rise  should  be  allowed.  On 
the  other  hand  concrete,  stone  and  brick 
are  poor  conductors,  and  if  arch  is  covered 
with  earth  very  slight  changes  of  tem.pera- 
ture  take  place,  the  lower  side  being  over 
water  and  screened  from  the  sun. 

For  a  rise  in  temperature  the  stresses  are 
just  the  reverse  of  those  for  a  correspond- 
ing fall. 

Then  at  the  various  sections  the  angle  of 
the  tangent  to  the  rib  with  the  horizontal 
must  be  found  and  H  resolved  into  parallel 
and  perpendicular  components.  The  par- 
allel ones  =  the  axial  thrust  in  rib  and  the 
perpendicular  ^^=  the  shear.  The  moments 
are  (ia)  times  38000. 
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Railway  Section 


Note:  This  section  is  devoted  to  methods  and  costs  of  constructing  rail= 
ways.  It  will  cover  road=bed  and  track  construction,  contractor's  plant  and 
organization,  surveying  methods  and  permanent  way  structures. 


Labor  Cost  of  Track  Laying  on  Ele- 
vated Railways  in  New  York  City, 
Also  Some  Costs  of  Erect- 
ing Steel. 

In  Engineering-Contr.^cting,  May  5,  the 
cost  of  Brooklyn  elevated  railways  was 
given  in  detail.  The  following  costs  re- 
late to  track-laying  on  elevated  roads  on 
Manhattan  Island,  and,  although  the  work 
was  done  28  years  ago,  the  records  are 
given  by  Mr.  G.  Thomas  Hall  in  such  detail 
as  to  be  applicable  today,  provided  proper 
substitutions  are  made  for  wages. 

The  Second  Avenue  line  was  double 
track,  and  about  7.4  miles  long,  of  which 
about  2  per  cent  was  curved. 

The  contractors  found  the  following  or- 
ganization the  most  effective  for  track- 
laying  : 

15  carpenters. 

10  skilled  iaborers  assisting  carpenters  on 
tlie  guard   timbers. 

10  men  laying  steel  rails. 

10  men  clipping  cross-ties. 

10  men  spacing,  marking  and  edging  cross- 
ties. 

10  unskilled  laborers  for  derrick,  distributing 
materials,   etc. 

2  horses   witli   drivers. 

3  foremen. 

The  clippers  were  kept  500  ft.  ahead  of 
the  spikers,  and  the  spikers  750  ft.  ahead 
of  the  carpenters  on  the  guard  timbers. 
Horse  power  was  found  to  be  cheaper  than 
steam  in  hoisting  track  material  from  the 
street.  The  cross-ties  were  first  hoisted, 
distributed  and  spaced;  then  marked  for 
camber  by  means  of  T  sights,  adzed  and 
clipped.  Then  the  steel  rails  were  in  turn 
distributed,  lined  up  and  spiked ;  then  the 
guard  timbers  were  distributed,  ends  joint- 
ed, gauged  and  bolted  down ;  the  inside 
guard  being  out  in  place  and  finished  with 
strap  iron  before  the  outside  one  was  laid. 
A  space  of  about  250  ft.  intervened  be- 
tween the  gangs  employed  on  the  two 
ranges  of  guard  timbers.  Everything 
working  smoothly,  the  above  force  laid 
about  260  ft.  of  double  track  per  10-hour 
dav  on  tangent  work. 

The  following  was  the  cost  to  the  con- 
tractor of  laying  complete  1,000  lin.  ft.  of 
straight  single  track: 

Hoisting  and  distributing   materials...?  40.00 

Laying  cross-ties    65.00 

Laying  steel  rails 30.00 

Laying   guard    timbers 100.00 

Strap    ironing   guard   timbers 20.00 

Incidentals,     loss     of     time,     repairing 

tools,   etc 25.00 

Superintendence     20.00 

Total  for  1.000  ft $300.00 

The  contract  prices  were  35  cts.  to  43  cts. 
per  lin.  ft.  of  single,  straight  track. 

Wages  of  common  laborers  were  15  cts. 
per  hr.  The  above  crew  of  70  men  and  2 
horses  received  about  $145  a  day,  or  prac- 
tically 20  cts.  per  hour,  per  man. 

The  amount  of  materials  in  1,000  ft.  of 
single  track  was  as  follows : 

250  cross-ties.   6"x6"xl2',   9,000  ft.   B.   M. 
500  cross-ties.  6"x6"xS'.  12.000  ft    B.  M. 
3,000  wrought    iron    clips,    %"x2%"x5%".' 
1,500  log  screws,    8i"x6". 

67  steel  rails  (30').  63  lbs.  per  yd. 
67  fish   plates.    ^^''-x^WxIO". 
268  fish    plate    bolts,    %"x4". 
3.000  spikes. 

7,000  lin.  ft.  guard  timber.   O'xS"    28.000  ft    B. 
M. 


l.oUU  guard    rail    bolts,    %"xl4%". 

150  log  screws.    %"xl2". 
2.000  lin.    ft.   strap  iron,   %"x2%". 

300  strap    iron    bolts,    %"x6'/4". 

300  blunt  bolts  for  strap  iron,    14 "x5". 
%   bbl.   Portland   cement. 
It  will  be  noted  that  laying  the  cross-ties 
cost  about  $3  per  1,000  ft.  B.  M.,  and  that 
laying  the  guard   rail  cost  about  $3.60  per 
1,000  ft.  B.  M. 

The  cost  of  30  cts.  per  lin.  ft.  of  single 
track  is  equivalent  to  $1,584  per  mile  for 
track-laying. 

To  lay  one  "typical  crossing"  consisting 
of  two  cross-over  tracks  (one  from  each 
main  track  to  a  center  track),  comprising 
.  218  lin.  ft.  of  single  track,  with  5  frogs, 
from  switches  and  outside  guard  timbers, 
with  inside  steel  guard  rails,  cost  as  fol- 
lows : 

Hoisting,   adzing     and     clipping     cross- 
ties     ■ $18.25 

Laying  i-ails.   frogs  and   switches 40.00 

Laying  guard  timbers    12.50 

Laying  steel  guard  rails 4.25 

Total    $75.00 

This  is  equivalent  to  35  cts.  per  lin.  ft. 
of  the  single  track. 

The  iron  superstructure  of  this  elevated 
road  consisted  of  Warren  longitudinal  gir- 
ders, whose  upper  chords  rest  upon  the  top 
of  Warren  transverse  girders,  supported  by 
si.x-segment  Phoenix  columns.  The  weights 
were  as   follows : 

Per  Lin.  Ft. 
lbs 

Transverse   girders    2O0 

Longitudinal  girders    130 

Bracing    8 

"A"    calibre    columns 117 

"B"    calibre    columns 140 

The  columns  were  erected  by  a  gang  of 
7  men  and  a  team  of  horses,  using  a  der- 
rick wagon.  This  gang  averaged  39  col- 
umns, of  20  ft.  each,  erected  per  day,  or 
about  4%  tons. 

The  same  gang  averaged  10  columns  of 
50  ft.  each,  or  3%  tons  per  day. 

The  columns  were  held  temporarily  in 
place  by  inserting  iron  wedges  inside  the 
rim  of  the  base  casting. 

The  cost  of  placing  a  3,200  lb.  base 
casting,  on  which  the  column  rests,  was 
as  follows : 

Per  Casting. 

Uncovering  pier  C15  cts.  per  hr.) $0.35 

Moving    casting    from    sidewalk    to    pier 

(15   cts.   per   hr.) 0.4O 

Erecting  derrick  and  setting  casting   (15 

cts.    p~er    hr.) 0.60 

Repaying.   25   sq.   ft,    (25  cts.   per  hr.)...   0.50 
Washing,    tarring  and   bricking   (25   cts. 

per  hr. )    0.35 

RefiUing  (15  cts.  per  hr.) 0.15. 

Preparing    cement    mortar    (20    cts.    per 

hr.)     0.10 

Foreman   and  night  watchman 0.50 

Total    labor    $2.95 

H  bbl.   cement  at  $1 0.25 

14   bbl.   sand   at   $1.25   per  cu.   yd 0.05 

32  brick  at  $10 0.S2- 

V2   cu.   yd.   refuse   carted  away 0.3S 

2%  cu.  ft.   sand  for  paving 0.11 

Coal  tar.  cement  work,   etc 0.11 

Oil   for   lamps,    etc 0.05 

Grand    total    $4.21 

The  above  is  for  company  work.  Later  on 
contracts  were  let  for  $3.75  per  3.200  lb. 
base  casting,  and  the  contractor  put  in  15 
castings  a  day,  as  compared  with  10  placed 
by  tlie  comoany's  forces. 

The  girders  were  erected  by  a  traveler 
on  tVic  structure,  with  a  crew  of  12  men 
and  one  engineman  for  the  .5  hp.  engine, 
which  consumed  Vi  ton  coal  per  day.     This 
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The    Sources   of  and  the  Methods  of 

Developing  Long  Island  Water 

Supplies  „.,„^ 

General  Geologic  Conditions.— From  the      east. 
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Fig.   1 — Diagrammatic  Cross  Section   of   Long   Island.   Showing  General   Water  Condi- 
tions and  Cause  of  Flowing  Wells. 


earlier  glaciers,  and  on  top  of  these  lie  the 
terminal  moraines  of  the  Wisconsin  drift. 
(Sec  Fig.  1.) 

It  has  been  estimated  that  the  rate  of 
subsidence  on  this  p.irt  of  the  .Atlantic  bor- 
<lcr  is  about  2  ft    '  'v.    In  the  east- 
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of  the  sands  and  gravels  prevent  evapora- 
tion and  hence  the  scarcity  of  surface 
streams  on  the  island.  These  sands  and 
gravels,  however,  form  an  immense  under- 
ground   reservoir,    become    saturated,    and 


so  considerable  that  flowing  wells  are 
found  within  a  few  feet  of  the  salt  water 
of  Oyster  Bay  Harbor. 

The    phenomena     of     flowing     wells    are 
found  in  every  excavated  valley  along  the 
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Fig.  3- 


-Section  of   Flushing   Creek— Station   Nos.  3,  4,  and   5.    Citizens   Water  Supply 
C,   Borough  of  Queens,   Long   Island. 


water    escapes   both    along    the    north    and 
south    shores.     There   are   no    underground 
rivers  on  Long  Island,  such  a  condition  be- 
ing possible  only  in  limestone  formations. 

Artesian  Wells. — Artesian  or  flowing 
wells  are  common  along  the  north  shore  of 
Long  Island  in  the  deep  eroded  valleys.  In 
these  re-entrant  valleys  the  slope  of  the 
main  ground  water  table  gives  a  great  head 
of  water  and  hence  the  velocity  of  flow  is 
considerable. 

Artesian  wells  (see  Fig.  2)  are  usually 
found  where  a  pervious  stratum  lies  be- 
tween impervious  formations ;  this  stratum 
must  then  outcrop  on  the  surface  and  pass 
between  the  impervious  strata  as  a  syncline 
or  trough. 

The  common  idea  in  regard  to  artesian 
wells  is  tliat  thev  must  be  produced  from 
a  water  bearing  sandstone  or  limestone 
confined  between  impervious  strata  of 
granite.  This  is  true  enough,  but  on  Long 
Island  the  conditions  are  precisely  the 
same,  only  that  the  pervious  stratum  is 
porous  sand  and  gravel  and  the  impervious 
stratum  is  clay. 

The  artesian  wells  of  magnitude  on  Long 
Island  have  their  parentage  in  the  coarse 
Jameco  gravels  which  underlie  the  San- 
katy  clay  and  also  in  the  Cretaceous  grav- 
els whicii  pass  under  the  clay  sheet,  but  at 
a  greater  depth. 

An  example  of  an  artesian  well  is  the 
one  at  the  New  York  State  Fishery  Com- 
mission, at  Cold  Spring,  which  is  6  ins.  in 
diameter,  80  ft.  deep,  and  is  probably  sit- 
uated in  Jameco  gravel.  The  discharge  is 
about  300,000  gals,  per  24  hrs.,  with  a  ve- 
locity of  about  2.-3  ft.  per  second.  It  is 
located  in  the  eroded  valley  of  Cold  Spring 
Harbor,  just  below  the  first  pond  toward 
the  harbor. 

At  Oyster  Bay,  artesian  wells  have  been 
developed  extensively.  This  district  is  also 
in  an  eroded  vallev.  and  as  in  the   former 


north  shore.  In  the  valley  of  Flushing 
Creek,  in  which  the  highest  contour  is  only 
75  ft.,  this  condition  is  made  use  of  for 
furnishing  a  supply  of  water  to  the  pump- 


charge  is  increased  by  the  use  of  com- 
pressed air,  wliich  will  be  explained  fur- 
ther on. 

The  examples  of  the  wells  shown  are 
merely  indicative  of  the  artesian  character 
of  the  sub-surface  in  these  vicinities,  and 
also  of  the  immense  amount  of  water  flow- 
ing seaward  and  reaching  its  objective  in 
the  form  of   sub-oceanic   springs. 

The  Ponding  of  the  North  Shore  Exca- 
vated Valleys. — As  stated  before,  the  main 
ground  water  table  is  cut  by  the  sides  or 
slopes  of  the  eroded  valley.  This  condi- 
tion results  in  a  brook  flow,  running  down 
the  valley  toward  the  Sound.  It  is  obvi- 
ous that  the  head  of  water  on  the  brook 
will  be  considerable  and  the  discharge  a 
generous  one.  (See  Fig.  4.)  But  in  most 
of  the  cases  of  excavated  valleys  on  the 
north  shore  the  water  is  impounded  by  the 
simple  expedient  of  building  a  dam  across 
the  valley,  and  the  pond  can  be  used  either 
for  water  supply  or  for  water  power  pur- 
poses. 

When  a  dam  is  thrown  across  a  valley 
and  the  water  impounded  in  a  reservoir, 
the  position  of  the  mam  ground  water  ta- 
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Fig.  5- 


-Diagram    Showing    the    Method    of   Ponding    Along   the   South    Shore   of   Long 

Island. 


ing  stations  of  the  Citizens  Water  Supply 
Co.  (See  Fig.  3.)  The  water  rises  here 
about   8    ft.    above   the    surface    and    flows 
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ble  promptly  rises  in  direct  relation  with 
the  level  of  the  water  in  the  pond.  The 
overflow  of  the  pond  passes  over  a  waste 
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-Typical   Section   and    Record   of   a  Test    Well    at    Flushing    Pumping    Station, 
Borough  of  Queens,  L.  I. 
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into  a  flume  to  a  pumping  well.  The 
ground  water  table  generally  follows  the 
topography  of  the  surface,  and  saturated 
or    water-logged    strata    arc    found    at    or 


Fig.  4 — Diagram  Showing  That  the  Ponding  of  Any  Excavated  Valley  Which  Cuts  the 

Main  Water  Table,  Reduces  the  Spring   Fiow.    The   Discharge  from  the  Crest 

Elevation  of  the  Pond  Will  Be  Less  Than  That  of  the  Original  Brook. 


case,  the  main  ground  water  table  is  at 
considerable  height  above  the  surface  of 
the  valley.  The  head  developed  by  the 
height  of   the   main  ground   water  table  is 


near  the  surface  of  the  valley.  The  height 
of  the  water  table  above  the  foot  of  the 
cut  or  erosion  gives  a  head  of  water  on 
the  well.    In   this   particular   case   the    dis- 


wier  built  in  the  dam.  It  is  clear  that  the 
discharge  over  the  spillway  will  be  con- 
siderably less  than  the  discharge  from  the 
original  brook,  on  account  of  the  loss  of 
head  due  to  the  changed  position  of  the 
water  table. 

An  example  of  the  ponding  of  a  north 
shore  excavated  valley  occurs  at  Cold 
Spring  Harbor.  K  dam  confines  the  wa- 
ters of  a  chain  of  three  ponds.  The  high- 
est contour  is  about  200  ft.  in  the  Tisbury 
formation.  The  pond  behind  this  dam  is 
about  15  ft.  deep.  The  waste  wier  is  18 
ft.  wide  and  with  a  2-in.  head  will  dis- 
charge 3,600,000  gals,  per  24  hrs.  wasted 
into  Cold  Spring  Harbor. 

Ponding  Along  the  South  Shore. —  The 
south  shore  of  Long  Island  was  originally 
a  great  plain  of  yellow  sand  and  gravel. 
It  was  so  in  tlie  Tisbury  time,  but  the  out- 
wash  from  the  moraine  has  spread  some 
of  the  Wisconsin  over  it  and  also  eroded 
and  reworked  the  Tisburv.  The  surface 
slopes  from  the  foot  of  the  moraine  toward 
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Fig.  7 — Section   at   Flushing   Pumping  Station — Kassena    Spring.    Borough    of    Queens, 
Long   Island.     An   Example  of  a   Natural  Spring   Fed  by  the  Ground  Water  Table. 


of    in   any   depression  or    eroded    locality 
near  sea  level.     (Sec  Fig.  5.) 

From  Hempstead  to  Eastport.  a  distance 
of  50  miles,  examples  of  pondinc  can  be 
seen  The  highway  along  the  south  shore 
■iicsc  <k-prc5Sed  areas.  Wherever 
r?,  the  embankment  carrying  the 
l.n;'i".i.  becomes  a  dam  which  impounds 
the  water  and  forms  a  reservoir.  The  po- 
sition 01  the  water  table  becomes  changed 
to  the  level  of  the  pond  and  the  over- 
flow escapes  over  a  waste  wier. 

The  H'atfr  Horisons  on  Long  Island. — 
The  strata  on  Long  Island  do  not  lie  in 
conformity.  Their  continuity  is  broken  in 
many  places.  (See  Fig.  I.)  The  strata 
have  been  distorted  and  in  many  cases  have 
disappeared  entirely.  The  distortion  of  the 
strata  was  probably  due  to  the  immense 
height  of  ice  on  top  of  the  land  in  glacial 
times,  possibly  a.'KHJ  ft.  in  thickness.  The 
pressure  of  the  ice  cap  acting  vertically 
downward  on  a  more  or  less  plastic  foun- 
iliiMon  has  squeezed  out  the  clay.  The 
breaks  in  the  continuity  of  the  strata  can 
be  accounted  for  by  erosive  action  of 
streams  and  floods.  In  other  words,  the 
substructure  of  Long  Island  is  not  a  homo- 
geneous mass,  and  this  arcf<iints  for  the 
great  difficulty  in  antiri' 
ical  stcii'in  before  the  v. 
made.     There    are    thri.     [.Munii-ii    \s.i\n 


ft.,  except  when  the  overlying  Wisconsin  is 
deep.    It   is  the  home  of  the  'main  ground 
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Fig.  8 — Section  and  Record  of  a  Test-Borir.  , 
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sand  pinched  out  to  1  ft.  in  thickness ! 
Underneath  the  mixed  Wisconsin  and  Tis- 
bury  lie  the  Cretaceous  clays  directly  over 

/70 '   oitrt  /•twt  M^   /y^'i'- 


lyn    water   works   and   the   Queens   County 
Water  Co. 

This  horizon  is  composed  of  glacial  grav- 


.^*//a«.  Jj/**'  J'J  vrmi-t 


/)^i/i  aaar/i  Coa/rtt  ffvr*/ ■  fr*^  >r9f<ir  ieaf-ff  sf>afy 
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Fig.  10 — Section  and  Record  of  a  Deep  Well  in  the  Lloyd  Gravel  at  Lake  Success,  Nas- 
sau Co.,  L.  I. 


bed  rock,  which  is  here  located  118  ft.  be- 
low the  surface. 

The  Jamcco  Grnvel  Water  Horizon. — 
The  Jameco  gravel  water  horizon,  so 
called  from  the  pumping  station  of  the 
Brooklyn  water  works  at  Jameco,  L.  I., 
where  the  test  borings  were  given  sys- 
tematic study,  lies  below  the  Tisbury.  This 
horizon  will  produce  artesian  or  flowing 
wells.  Its  coarse  strata  are  confined  by  the 
Sankaty  clay  beds  on  top  (see  Fig.  1),  and 
while  these  gravels  have  no  surface  out- 
crop they  are  connected  with  the  main 
ground  water  table  by  the  porous  Tisbury 
strata  above  at  places  where  the  clay  sheet 
has  been  eroded.  When  the  clay  sheet  is 
punctured  the  pressure  is  released  and  an 
artesian  flow  results.  The  Jameco  horizon 
is   extensive  over   the   eastern  and  western 


els,  tlie  outwash  of  an  earlier  glacier  than 
the  Wisconsin.  Tlie  color  is  generally  gray 
and  the   matrix   contains   considerable  per- 


Water  Company,  Valley  Stream  (see  Fig. 
9),  is  typical  of  the  whole  south  shore 
from  that  point  east  to  Babylon.  These 
sections  will  sliow  the  Tisbury  water  hor- 
izon near  the  surface,  the  Sankaty  gravels 
and  clays  below  the  Tisbury,  and  then  gen- 
erally a  sheet  of  lignite  above  the  Jameco 
gravels.  The  top  of  the  Jameco  gravels 
will  usually  be  found  about  100  to  110  ft. 
below  sea  level,  the  well  strainer,  of  course, 
being  entirely  placed  in  the  water-bearing 
material. 

As  explained  above,  the  Jameco  water 
horizon  is  directly  connected  with  the 
main  ground  water  table  through  breaks 
in  the  overlying  clay  sheet,  and  the  water 
supply  is  large  because  of  such  connection, 
and  also  for  tlie  reason  that  the  physical 
character  of  the  gravels  allows  them  to 
hold  and  retain  the  percolating  waters. 
The  waters  from  the  Jameco,  however, 
have  this  disadvantage,  that  where  the  wa- 
ter-bearing sands  and  gravels  overlie  the 
Sankaty  blue  clay  and  lignite  beds,  as  they 
generally  do,  the  percolating  water  from 
the  upper  water-bearing  material  causes 
the  iron  in  the  clay  and  lignite  beds  to 
leach  down  into  the  Jameco  gravels  and 
impregnate  them  with  a  strong  chalybeate 
odor  and  taste.  Of  course,  in  large  opera- 
tions where  the  Jameco  water  is  mixed 
with  the  Tisbury  this  condition  is  not  very 
apparent,  but  in  the  case  of  a  private  wa- 
ter company  developing  water  extensively 
from  the  Jameco  gravel  water  horizon,  it 
becomes  necessary  to  filter,  out  the  iron. 


^ZSO  faef- 
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Fig.  12 — Diagram   Showing  Typical   Layout  of  a   Well   System   Water-Works.   Using   a 

Vacuum  for  Lifting  Water. 


Long  Island.  It  is  developed  principally 
for  purposes  of  public  water  supply  along 
the  south  shore  of  the  island  by  the  Brook- 


.^fa   Aarti/ 


Lake   Success;    an    Example  of   a   Kettle-Hole   Lake   Depending   on   Local    Im- 
pervious Strata. 

The  lignite  beds  underneath  are  peat 
beds,  and,  like  all  peat  beds,  contain  bog 
iron  ore.  A  blue  or  a  slate-colored  clay 
is  an  evidence  that  iron  is  present  in  the 
clay,  hence  this  water  will  and  does  carry 
limonite  (bog  iron  ore),  Fe^Os -F  3/2  H2d, 
in  suspension. 

The  filter  beds  are  gravtiy  sand  filters 
f      fT'/'-i  and  the  suspended  iron  forms  in  a  crust  on 

top.  Unless  this  water  is  purified  its  pres- 
ence forms  red  oxide  of  iron  in  the  water 
pipes  and  becomes  extremely  annoying 
wlien  used  for   domestic  purposes. 

Figure  9  also  represents  the  formation  of 
coal  in  the  lignite  or  peat  beds.  The  for- 
mation of  coal  and  iron  goes  hand  in  hand, 
and  we  have  here  the  coal  measures  and 
the  iron  mines  of  Long  Island  in  their 
initial  stage  of  formation. 

The  Lloyd  Gravel  Water  Horizon. — This 
is  the  deepest  zone  of  flow  on  Long  Island. 
>It  is  situated  in  the  Upper  Cretaceous 
sands  and  gravel  above  the  bed  rock  (sec 
Fig.  1),  and  is  correlated  to  the  Raritan 
formation  in  New  Jersey.  On  the  north 
shore  this  horizon  has  been  developed  con- 
siderably, because  its  depth — 200  to  400  ft. 
— is  not  excessive,  but  on  account  of  the 
dip  of  this  stratum  toward  the  south  shore, 
the  wells  in  that  locality  must  be  driven  to 
a  depth  of  700  to  750  ft.  to  penetrate  this 
Iiorizon.  This  horizon  will  also  produce  ar- 
tesian wells  for  the  same  reasons  as  the 
Jameco.  On  Barren  Island  in  Jamaica  Bay 
is  an  example  of  such  a  well. 

Fig.    10  is   a  section   taken  at  Lake   Sue- 
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centages  of  multi-colored  stones,  or  er- 
ratic material.  The  section  and  record  at 
tlie  pumping  station  of  the  Queens  County 
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eta,  which  it  situated  .ibotit  half  way  be- 
tween Lloyil  \eck  and  Cmcy  I>land.  The 
top  ol    the   l.ltivd   land   i>  MiO  ft    hrlow  the 
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are 

»  t  ■■      i  ,        .n"  ■  »  -        ^i  .1      11    >  I  t  1  I  1   I  r      ill     iiii>      TieC- 

tion  ihcy  ^how  :tiMi  and  -100  f t .  respcctive- 
Iv.  below  sea  level.  This  record  establishes 
the  correlation  between  the  deep  Cretaceous 


ions   have    been    periTnllv   distorted    from 
their   once    !  ion,   and   it   be- 
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Another  type  of  well  is  the 


sir.i:uiii.    I  he  li.vi.1  ui  :i.. 
cavatcd    well    will   rise   t^' 


Fig.    13 — Principle  of  the  Combination   Excavated  and   Tubular  Well. 


wells  on  the  north  shore  at  Lloyd   Neck, 

'  vT  Island,  etc..  and  those  on  the  south 

This  water  horizon  extends  into 
.'.  .  Jersey,  and  at  Asbury  Park  its  depth 
is  about   1,100  ft.  below  sea  level. 

The  object  in  drilling  deep  wells  in  the 
IJnyd  gravel  is  not  to  get  an  increase  in 
head,  but  to  find  a  coarse,  free,  water- 
bearing horizon. 

The  water  of  the  Lloyd  gravel  is  low  in 
•  ine,  hardness  and  alkalinity,  and  this 
n  seems  to  be  persistent  and  peren- 
ni..i  There  is  reason  to  believe  that  fu- 
ture developments  in  this  material  will 
produce  lr>r.'.-   -M,,t,li,.v 

The  pc  .  tion  in  the  Lloyd 

gravel  at  I  marked  in  Fig.  11 

as  "deep  well.  '  Lake  Success  is  a  kettle- 
hole  lake  at  the  junction  of  the  Harbor- 
Hill  and  Ronkonkoma  Moraines.  It  is  sit- 
uatecl  hi({h  atMivc  the  main  ground  water 
tabli:  and  is  an  e.xample  ol  a  perched  wa- 
ter table.  There  are  many  such  in  the  path 
of  the  moraines,  but  the  water-sheds  are 
liniitid  am!  (lipciid  "ii  I'l.il  impervious 
-tr.ii;,  ir,  i,r.-,,r'..-  •!..■■  w:iter  level.  The 
perched  water  ta- 
■  i-f  their  limited 
capacity   aini    1: 


come  on  the  north  shore  of   Long  Island 
than  on  the  south  shore,  for  or  •'—  ■•  — '• 
shore  the  Wisconsin  drift  is  01 
bic    depth    and   has   mixed    its    : 
boulders  and  clay  with  the  Tisbi: 
the  south  shore  the  Tisbury  w.r 
sands  and  gravels  lie  at  or  near  the  sur- 
face and  can  be  more  easliy  developed  for 
water  supply  purposes.     Most  of  the  Tis- 
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Fig.  14— Section  of  Flume  and  Well.  Showing    Method   of    Uting   Compreated    Air    in 

Lifting  Water. 


I    air   in   lifting   water    i» 


of   ihe 
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this  being  non-corrosive,  are  placed  in  the      it  turned  upward  at  the  bottom.     At  each 
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pulsation  of  the  compressor  a  correspond- 
ing pulsation  is  made  in  the  well  pipe  and 
the  water  is  forced  upward  and  discharges 
into  the  flume.  It  is  evident  that  com- 
pressed air  under  heavy  pressure  is  power- 
ful and  far  reaching  in  its  action  in  the 
water-bearing  strata.  It  draws  the  water 
from  remote  places  and  compels  its  pres- 
ence in  the  well  pipe.  The  use  of  com- 
pressed air  in  lifting  water  adds  greatly  to 
the  supply.  An  excessive  pressure  may 
cause  fine  sand  to  be  drawn  through  the 
strainer  and  forced  upward  in  suspension, 
producing  svibsequent  damage  to  the  pump 
valves.  Under  the  influence  of  compressed 
air  the  water  flows  into  the  flume  and 
thence  into  a  receiving  well,  from  which 
it  passes  through  the  pumps  and  into  the 
water-mains. 

This  elementary  method  has  been  modi- 
fied and  improved  for  pumping  from  deep 
wells.  (See  Fig.  15.)  The  essential  and 
governing  principle  in  this  type  of  air  lift 
is  that  the  air  supply  can  be  controlled  in 
the  well   pipe   itself.    This   is   accomplished 


re^uyaf>/'o  trAee/—, 


face  by  gravity  alone.  This  method  can  be 
applied  generally  only  along  the  south 
shore  of  the  island,  where  the  ground  wa- 
ter table  is  near  the  surface  and  where  its 
slope  is  appreciable.  The  ditch  or  collect- 
ing gallery  is  constructed  across  the  path 
of  the  underflow,  and  the  water  drawn 
therein  flows  by  gravity  to  a  receiving  well, 
from  which  it  can  be  pumped  or  the  water 
may  be  piped  to  a  reservoir  on  the  sur- 
face. 

Conclusions. — A  summary  of  the  forego- 
ing establishes  the  following  facts :  Long 
Island  and  the  islands  in  the  Sound  or  off 
the  southern  coast  of  New  England  have  a 
common  origin.  The  basal  clays  on  top  of 
the  bed  rock,  created  by  erosion  or  corro- 
sion from  the  rocks  on  the  mainland,  are 
covered  by  the  sands,  gravels  and  boulder 
clays,  later  brought  down  by  glaciers  or 
from  outwash  from  the  terminal  moraines 
of  the  glaciers. 

The  strata  do  not  lie  in  conformity,  and 
the  clay  sheet  confining  the  lower  water 
horizons  has  been  broken  or  eroded  away, 
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Fig.  15 — Principle  of  the  Air  Lift  for  Use  in  Deep  Wells  of  Variable  Water  Levels.  The 
Air  Can  Be  Admitted  at   Different  Points  in  the  Well   Pipe. 


by  means  of  a  valve  in  the  air  pipe  in  the 
well,  these  valves  being  regulated  by  a 
wheel  at  the  top  of  the  well  head.  The 
air  can  be  admitted  at  variable  water  levels, 
a  valuable  consideration,  where  several  wa- 
ter horizons  are  penetrated.  Especially  val- 
uable in  the  operation  of  deep  wells  in  ex- 
cellent water-bearing  strata  is  the  fact  that 
the  heavy  head  of  water  in  the  pipe,  due 
to  the  presence  of  the  ground  water  table, 
can  be  thrown  ofif  and  the  well  compelled 
to  draw  for  its  supply  from  the  lower  and 
greater   water   horizon. 

This  principle  is  made  use  of  in  the  op- 
eration of  the  Jameco  Pumping  Station  at 
Jameco,   Long   Island.    The  water   is  there 
-being   lifted    from    the    deep    wells    in    the 
Jameco   gravel  water  horizon. 

Another  method  of  obtaining  under- 
ground water  on  Long  Island  is  by  means 
of  infiltration  galleries.  The  essential 
principle  involved  in  this  method  consists 
in  excavating  a  trench  or  tunnel  below  the 
level  of  the  ground  water  table.  By  ex- 
tending the  gallery  or  ditch  to  a  very  con- 
siderable length,  with  a  slope  less  than  that 
of  the  surface  of  the  ground,  the  under- 
ground water  can  be  brought  to  the   sur- 


producing  the  phenomena  of  flowing  wells. 
The  supply  of  water  is  dependent  on  the 
rainfall  and  gives  rise  to  the  presence  of 
the  ground  water  table  which  fluctuates 
vertically  in  proportion  to  said  precipita- 
tion. The  ground  water  table  follows  the 
topography  of  the  surface  and  its  divide 
between  the  underflow  toward  the  north 
and  the  south  shore  will  generally  be  at 
about  the  same  geographical  position  as  the 
divide  of  the  surface  waters.  The  soil  be- 
ing porous,  there  is  little  evaporation,  and 
for  the  same  reason  a  scarcity  of  surface 
streams,  which  not  only  carry  the  run-off, 
but  at  the  same  time  carry  away  some  of 
the  water  on  the  ground  water  table  where 
the  valleys  or  depressions  cut  it  and  cause 
its  waters  to  flow  into  the  stream.  The  im- 
portance of  the  natural  wells  or  kettle 
holes  in  the  Tisbury  formation  and  also  the 
excavated  wells  in  the  same  formation,  to 
which  latter  class  the  infiltration  gallery 
belongs,  is  significant.  The  large  area  of 
the  upper  water  horizon,  and  its  nearness 
to  the  ground  surface,  makes  possible  a 
large  supply  of  water  by  pumping  from 
shallow  wells.  The  waters  of  the  Jameco 
gravel   horizon,  while  of  generous  propor- 


tions, generally  carry  iron  in  suspension 
and  should  be  filtered  when  necessary.  The 
future  development  of  the  Lloyd  gravel 
horizon  should  give  large  supplies. 

The  supply  from  the  perched  water  ta- 
bles is  insignificant  and  only  of  local  im- 
portance. 

Attention  is  called  to  the  ponding  along 
both  the  north  and  the  south  shores  and  to 
the  water  wasting  over  the  spillways  of  the 
dams ;  also  to  the  decided  artesian  charac- 
ter of  the  waters  along  the  north  shore. 
Exploitation  of  this  field  should  produce 
an  abundant  yield.  The  value  of  com- 
pressed air  as  an  agent  in  expelling  the 
underground  waters  is  apparent. 

The  development  of  the  infiltration  gal- 
lery should  become  an  important  factor  in 
enlarging  the  public  water  supply. 


The   Cost  of  Five   Slow    Sand    Filter 
Plants — Four  Small  and  One 
Large. 

While  there  is  more  or  less  scattered  in- 
formation relative  to  the  first  cost  of  filter 
plants,  an  engineer  can  usually  find  little 
to  guide  him  in  making  preliminary  or 
rough  estimates  of  cost.  The  following 
data  should,  therefore,  prove  of  value  to 
waterworks  engineers : 

Mr.  William  Wheeler  gives  the  following 
relative  to  a  slow  sand  fillter  built  in  189.5 
at  Ashland,  Wis.  This  is  the  first  sand 
filter  plant  in  America  to  be  covered  with 
masonry.  The  3  filter  beds  have  an  area 
of  %  acre.  They  are  so  located  on  the 
lake  shore  that  it  was  necessary  to  build  a 
pile  bulkhead  around  three  sides  of  the 
filter  beds.  The  walls  are  of  concrete  and 
brick,  3  ft.  thick  at  the  bottom  and  2  ft.  at 
the  top.  The  beds  are  roofed  with  groined 
elliptical  brick  arches  (15%  ft.  span),  rest- 
ing on  brick  pillars,  and  backed  with  con- 
crete. Two  courses  of  brick  laid  flat  form 
the  arch  rings  (5  ins.  thick).  The  floor  is 
of  concrete  only  3  ins.  thick.  It  is  below 
the  lake  level,  which  necessitated  building 
a  cofferdam  during  construction.  The  sand 
beds  are  4  ft.  thick  resting  on  9  ins.  of 
gravel.  The  work  of  construction  was  en- 
tirely by  day  labor.  The  cost  was  as  fol- 
lows : 

470   lin.    ft.    cofferdam    (not  with    earth 

filling)     %  1.720 

Handling  water   493 

6,943   cu.   Yds.   earth  excavation 3.233 

340,400  briclvs,   laid  in  walls 6,237 

45.000  bricks,  laid  in  piers 827 

349,550  bricks,   laid   in   roof  arches 6,755 

Centers  for  roof  arches  (labor  and  ma- 
terials)      1,157 

37    manholes    724 

House  over  effluent  chamber  and  sump 

well    627 

1,000  cu.   yds.   concrete 5,977 

Vitrified   collecting  pipes,   laid 116 

Cast  iron  collecting  pipes,   laid 639 

Cast  iron  supplying  pipes,  laid 725 

Pipe,    pipe   connections,    pump.    etc....  729 

SSO  cu.   yds.   gravel   in   filter  beds 1,949 

?.,335   cu.   yds.   sand  in   filter  beds 4,201 

Sundries     2,268 

Engineering   and   superintendence 1,800 

Total    $40,178 

This  is  equivalent  to  about  $80,000  per 
acre,  but,  had  it  not  been  for  the  difficult 
conditions  and  winter  work,  the  cost  would 
have  been  $.5,000  less,  or  $70,000  per  acre, 
including  pump  well,  sump  well,  effluent 
chamber,  piping  and  housing.  A  further 
reduction  of  10  to  15  per  cent  in  cost  could 
be  efifected  where  building  stone  and  suit- 
able sand  and  gravel  were  near  at  hand. 

This  plant  filtered  1,100,000  gals,  per  day, 
or  at  the  rate  of  2,200,000  gals,  per  acre  per 
day.  It  required  10  scrapings  of  sand  per 
year,  removing  610  cu.  yds.  of  sand,  which 
was  equivalent  to  1.52  cu.  yds.  of  sand 
scraped  per  million  gallons.  The  cost  of 
this    scraping  was   62   cts.  per  million  gal- 
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loni.   or   40   cts.   per  cu.   yd.    of  »aiiJ,   «hc 
rn«t  of  tcr3(>ini;  a   bed   of   onf-*ixlh   «crc 

.vj: 

H  .lay.   at   tl  ' 


...    1.50 

.   0.75 
:■   t.alll   t.i  i.uUt  bui.1. 
^tnd    auiiilrle* 

Total   for  l-«  Bcr*...  ...IS  10 

There    were    ''    ■  ^     ^  ■\    (plus 

the  imi<h    rcii.  :\g  of  a 

bed,    making    t  cu.    yd. 

The   dirty   -atul   was   not   wa-shrtl,  but   new 

clean   saml   «a>  delivered  by   contmct  and 

;i     '  .'    for   $1   pir  cu.   yd.      Ileni-e  the  cost 

I    -i-rapiiiR    sand    and    of     repIacinR     with 

'    $1  40   per  cu.    yd.   of   sand 

-.'  13   per     million      gallons. 

......Mv;    .  .  ,L-    lo  this  fur  supcrintendrnce, 

etc.  the  total  cost  of  filterinR  was  $22t> 
per  million  Rals.  At  'i  per  cent  interest  on 
the  fir<t  cn-t  of  the  plant,  the  capital 
charges  arc  $•"■  O.'i  pi-r  million  Rallons,  mak- 
ing a  total  of  $7.'<1   per  million  gals. 

Mr.  J.  VV.  Ledoux  gives  the  following 
data  relative  to  a  small  (M  acre)  sand 
filter  plant  built  in  1808  at  Rerwyn.  Pa. 
It  has  a  nominal  filtering  capacity  of  l.-WKI.- 
000  gals,  per  day.  The  fillers  are  built  in 
3  oi'Mipartments  (not  roofccH.  each  having 
'.'•'I"  sq.  ft.  cflTcctive  filtering  area,  or 
atiiv.it  S-">  ft.  square.  A  vertical  section 
thr'iij-h  the  filter  beds  shows  .30  ins.  of 
sand.  6  ins.  of  gravel.  3  ins.  of  concrete 
floor  and  8  ins.  of  puddle.  The  main 
drains  arc  12  in.  vit.  sewer  pipe ;  the  lat- 
erals arc  4  in.  tile,  spaced  Ci  ft.  apart,  set 
in  depressions  in  the  concrete.  The  side 
walls  are  of  rubble,  outside  of  which  is 
the  embankment.  The  cost,  including  a 
$2.i"MMi  gate  house  and  accessories,  was  as 
follows : 
f!.:::  <ii   %.:  mod.  at  to.24i..$  i.eso.go 

."■.•<  ?,    en  mai>onr>-.    Alter 

l.n.-lii.    :i  2.927.31 

2  4    en      \.i-      ''UK     maflonry.     filter 

li-iKln.  al   f^'A'-. 21.98 

:^"l  '  -.I.-     eoncrete.    (liter   bavin. 

1.8T3.43 

-i.  plastering  and  formlns 

I   $0.243 591.60 

4-ln.  tile  drain.  In  place. 

207.20 

12-ln.  colleetlns  drain,  at 

I    160.80 

"    ft.  13-in.  clean-out  drain,  at 

■•S    342.64 

;-l   liii     fi  '   Iron  Inlet  and 

ouil.t   |.i  71 441.57 

:•■".   'i'l      f  ir..ti    niter  dlll- 

438.36 
384.63 
rn.  at 

»j  :i.-.    1.386.62 

2  <'■■■  ^.1  lonii  aand  in  niter  bottom,  at 

fl  e,-9    4,420.10 

97  2     en      v«I««      xlon*-     ma«r,nrv      Knf"* 

Imun.-.  nt  IT  ::!l    703.07 

10.73    <u      '.'l-      '-I,;,    rr.i-  nirv.    K^'te 

h..M  ..' 79.33 

12'.:;  and  tmek 

l;ll  123.43 

voik  and  pnlnl- 

210.81 

I  ij  - 1 II  I     can  - 

3a6.36 
.....         I72.45 

■<  and 

254  69 

and  cndnecrlnc  . .        729.00 

1: 1  OOO  00 

Total  >••     ■'.59 

Since   the  filter   bed   has  a  of 

K.'iOO    sq.     ft.,    the    rn«f    w.-»s  ts 

per    sq.    ft.    (ii    ■    "  ite 

house),   or  S3-'.  .  '    is 

e-   •    -'  -  •    to   jlJ. ■,'  of 

ity.      The    "•  md 

!:.., ■■■■u"   WM    4    per    .       :  '.  'tal 

cost. 

Mr.  G.  N.  Houston  gives  the  followiiig 
relative  to  a  slow  sand  filter  plant  built 
in  biW  at  Nvack.  X.  Y   The  filler  bed*  are 


not  rooicd. 
each,   having 


are 

Tb.  . 

nearby  creek.  The  lillcr  is  lucalrd  ui  a 
swamp,  adjacent  lo  the  creek.  «hi.-h  made 
its  construction  expensive      '  •  .  de- 

liver   the    creek    water    Lv  the 

filter,  it   was  necc  i>.i-,    mr   the 

tiller   'leds  to  a  i'  ft      The  ma- 

terial   was    a    wet    ;  cb'       ..  i..-' 

banks  would  cr.ick  and  -lip.  s.i  • 
necessary    to    support    the    side 
piles.     The  clay  was  spa<le<l  out   in  chunks 
tliat    were    lifted    by    hand    into      w.igons. 
Temporary   plank    roads    had    to    be    laid. 
Sheet  piles  were  driven  all  around  the  filter 
l)eds   and    left    in    place      P. 
piles  were  driven  undeniea' 
walls,  capped  and   flooreil   w.i.:    [...u^      ■  ■,, 
this  pile  foundation,  which  cost  $3  per  lin 
ft.    of    wall,    was    built    a    small    conrr,  t,.l 
retaining  wall   for  a  Height  of  .1  ft.  '• 
the  top  of  this   wall  being  al)oiit  the 
elevation  as  the  top  of  the  sand  in  the  filter 
l>ed.    The  earth   slope  above  the  retaining 
wall  was  paved  with  8  ins   of  concrete  and 
vitrified   brick   for  a   length   of  aliout  fi   ft. 
measured    up    the    1*4    to      1   •  slope.      The 
division   wall  was  also  supported  on  a  pile 
foundation,  and   was  of  concrete  up  to  the 
level  of  the  surface  of  the  filter  sand,  and 
above    that    it    was   of   vitrified    brick    2    ft. 
thick.     The  work   was  done  by  contract  at 
the   following   cost   to  the   village : 
E:xenvatlnn    iinu    ft.    deep   and    about 

7.000   cu     yds.) 15,370 

Oniilii  i."   :in.l    «-.ll;iii; l..""0 

.'Sh.  ''P.  M..  at  »5" 

Be;.  It    14.42 ■ 

Hen  ;    floor ^'^ 

Velluw    pirie  eHpii  and  floor 465 

Concrete  floor,  lOH  In.  thick  ($1.50  per 

-  .     v,i  ,  1,738 

ou.  yds.,  at  $4.40..     1.892 

ne 484 

..»;.   13.45   cu.   yda.,  at 

fd  4..  113 

RIii<»stone  curb  250 

Vllrlfled    pipe   drain-    ini,r,i,i    1,400   lln. 

ft.  of  6-ln.  and  :  ■  In.) 347 

Gravel    (12    Inn.  >     .  U    Inn.), 

2  r,70   ru.    yds.,    at    i. 5.SS4 

Mouse  over   regulatiOK  chamber IM 

Pipe    laying    M 

Miscellaneous    tSfi 

Total   ..$34,737 

Knslneorlng     (33.644)     and    Inspection 

(1713)     4.357 

Total.    038    acres,    at    876.553 129,094 

This  is   an   unusually  hieh  cost,  due  to 
the  conditions  above  k'  '     '  '      ' 

that    the   work    was   (!• 
made   the   expense   of   .i.^. 
spection    high.     The   price 
and   sand  was  high,  as  it    v. 
scow   from  Long   Island. 

The   above   costs   include   s   elear   water 
well  2'>  ft    in  dianu-tcr  '••  walls  12 

ft.  high,  and  a  dome  f  of  con- 

crete. 

The  plank  "floor"  includes  not  only  the 

flo,.-     I  ■■-<     ■-■     ■!.-     ' I-.       I...'       ■      1     ■•- 

hrr 
of  • 
placed. 

Mr     R.    D.    Chase    givn    the    fi-vllnwing 
data  relative  to  n 
plant   built   in   IS!' 
remove     ' 
wells      I 

ft .  ' 

act 

(KX. 
pe, 

jUv' 

teria. 
The   pure   water  rMcrvoir  ii  80x106  ft. 


k 
r 
f 

.lU'l     .     -Z      It. 

The  roof 

.  e 


I.-.I     (1-,..     'Vi     nnii>ioIe«,    3     ft 

thick. 


cu    yd. 

I     ,     1.      e'lr 

•! 
«  ' 

The  outside   walls  'e 

2%   ft.   thick   at    the    '  .  k 

at  the  base. 

The  coTi'tntrtion  of  the  p-re  wafr  res- 
ervoir •  id 
the  re-  s. 

The  d 

in  coi  ■  d 

'-   -■  i    ..   .:,     i,,.      ,-    ,        :,  .  .he 

s   1   ft.  thick  and  the  sand  bed 
The  sail!    .*  , .   .Iredgcd  from 
the  lake.     L'nder  nor:  ins  4  ft.  of 

«atcr  is  kept  on  top  ■  ■!. 

The   outside   dimensions   of   the   3   fiher 
■  ds  and  the  pure  water  reser\'oir.  all  un- 
der one  rofif,  are  110  ft   x  2.Vi  ft. 

The  construction  was  done  by  day  labor, 
working  under  a  contractor  who  wa*  paid 
a  percentage  for  supervision.  l-iU.rcrs 
were  inefficient,  yet  received  $2  a  day.  The 
actual  cost  was  as  follows : 

Filters  and  pure  water  resers-olm — 
14.000  eu.  yds.  exea%Titlon.  at   10  55-*-... I  7.630 
2.000   cu     yds.    tuekflll    (roof  •\'. 

10.304-     S^O 

3.000  cu.  yds.  eonerete,  at  I"  23.500 

Arch  centering I.JIO 

120  eu.   yds.   brickwork,  at  110.00 l.SOO 

Tile   pipe    •«• 

1     yds.    niter  gravel.   In  place,  at 

<;   .:       1.970 

11.  yds.  niter  gravel.  In  place,  at 

|3(.4 " «.8M 

800  eu.   yda.   Alter  gravel.  In   place,  at 

|«  »7  776 

A.  47» 

M  X,tS« 

i:-  .  entage   to    eon- 

tni.  I..r  "•  :04 

Total    '         14 

I.and   ■"  :*0 

Iron  pipe.  pump,  pump  house,  etc 2«.S70 

Grand   total    t».4S4 

Since  the  total  area  was  1 16  x  2.VS  =  i!).- 
580  sq.  ft  (0.C8  acre),  the  excavation  must 
have  averaged  about  13  ft.  deep 

It  will  lie  noted  that  the  filter  gravel  was 
exceedinelv  rxpensive.  -'  wn=  TTvi=t  of  the 
filter  '    how- 

ever, ..  -  and  at 

a  cost   i.t    unly  ;'.    ^t-.    per   cu.  }>j- 

The  cost  of  cleaning  a  filter  bed  is  as 
follows: 

:,  n;.-n  sernrilne    S  hm  .  at  JO  et»       %  1.00 

1  ...  ...  ,1, 

r,  3.00 

i.oo 


Total,  labor,  10  eu.  yds 
10  cu.  yds.   new  mnd  lo  be 
81    

r?rani1  tntnl    t"  r>:    r4w     at  » 


.    yd.    of    und    is 
and  the  cost  per 


I.Abor  semping  and  rcmovlna  luind 
CI  ran  sand   replaced 


t  TM 


-  '1 
<0 
er 


TtTa 


Total   

The  dirtv  und  is  hoisted  in  liifs  by  a 
■  ■     k  and  tackle  be- 
er each  manhole 


The  following  <bta  arc  abstracted  from 
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a  paper  by  Allen  Hazen  and  E.  D.  Hardy, 
Trans.  Am.  Soc.  C.  E.,  1906,  Vol,  57: 

This  is  a  slow  sand  filtration  plant  treat- 
ing V0,000,000  gals,  daily,  and  its  cost  was 
$3,356,300  (including  $619,900  for  land),  or 
$47,960  per  million  gals,  daily  capacity. 
Assuming  interest  and  depreciation  at  5  per 
cent  per  annum,  the  capital  charge  Js  $7 
per  million  gals,  for  an  average  of  67,000,- 
OOO  gals,  per  day,  and  the  operating  ex- 
pense is  about  $2  per  million  gals.,  making 
a  total  of  $9  per  million  gals,  filtered.  _ 

The  summarized  cost  of  the  plant  is  as 
follows : 

Pumping  station,  etc $    183,600 

29  filters,  29  acres,  at  $75.758 2,197,000 

Filtered    water    reservoir 150,000 

Lower  gate  liouse  and  pipe  line 24, .300 

Land  ..    619,900 

Engineering  and  clerical 181.500 

Total,  29  acres,  at  $115,735 $3,356,300 

Total,   exclusive  of  land 2,736,400 

The  detailed  cost  was  as  follows: 

Pumping  Station — 

Intake,  with  gates  and  building $  11,500 

Venturi  meters,  72-in.  and  54-in 5,000 

Electric  lighting,   engines,   etc 7,000 

Four  200-hp,  boilers,  in  place 14,800 

Four  Roney  stakers 4,100 

Two  Green  fuel  economizers,  in  place  5,100 
Three    36-in,    centrifugal    pumps    and 

engines  42,000 

Two   sand-washer  pumps 8.100 

Piping,  valves,    etc 13.100 

Coal,  oil  and  running  tests 3.500 

Traveling  crane   1,600 

Chimney  (with  foundation) 5,800 

Building  (with  foundation  and  well)..  51,000 

Total,   pumping  station $183,600 

Twenty-nine  Filters — 

862,700  cu.  vds.  excavation,  at  30  cts.J  258,800 

299,500  cu.  yds.  filling  at  30  cts 89,900 

Sodding  and  seeding  slopes 7,300 

IRoads  and  drains  outside  of  filters..  16,200 

Concrete  tunnel  under  First  St 3,100 

Concrete  (including  cement): 

36,563  cu.  vds.,  floors,  at  $6.75 246.800 

19,038  cu.  yds.,  walls,  at  $7.35 139,900 

6,964  cu.  yds.,   piers,  at  $8.25 57,500 

34,920  cu.  vds.,  roof    (vaulted),    at 

$8.75    305,500 

Ramps  leading  to  tops  of  filters....  6,800 

Court  paving 43,000 

7,900  ft.  Central  underdrains.  at  $1.65  13,000 
Interior   drainage   system,    29    filters. 

at  $500  14,500 

Drainage  of  roof.s,  29  filters,  at  $266.  7,700 
Materials  placed  in   concrete.   29  fil- 
ters, at  $200 5.800 

157.725  cu.  yds.  filter  sand,  at  $2.65..  418,000 

36.500  cu.  yds.  filter  gravel,  at  $2.75..  100,400 

Cast  iron  pipe  and  specials 117.000 

Steel  rising  main  and  concrete  back- 
ing    76,800 

Pressure   pipe   system 2,600 

Sand-washer  pipe  system 24,000 

Sand    washers,    19    washers    and    8 

ejectors  4,800 

Elevated  sand  bins.  29.  capacity  250 

cu,   yds.    each 60,800 

Exterior  drainage  system 25,300 

Venturi  meters  and  indicating  appa- 
ratus      11,400 

Sluice  gates  and  gate  valves 19.900 

Regulator  houses   27,300 

Office  and  laboratory 19,700 

Shelter  house  for  workmen 4.800 

Water  and  gas  lines  to  buildings. . . .  11,200 
■flectric  lighting  for  courts   and   fil- 
ters    41,900 

Cleaning  up  and  miscellaneous 11,600 

Total,  filters,  29  acres,  at  $75, 758. $2,197, 000 

Filtered  Water  Reservoir: 
S3, 500  cu.  vds.  excavation,  at  30  cts..$  25,100 

18.000  cu.  yds.  filling,  at  30  cts 5,400 

15,290  cu.  yds.   concrete,  at  $7.60 116.000 

Gate  house  superstructure 3,500 

Total,   reservoir   $150,000 

Lower  Gate  House: 

Pipe  lines   $  6.000 

Gate  house  18,300 

Total,   gate  house $24,300 

Engineering  and  Clerical: 

General  plans   $  36.000 

Surveying    32.000 

Field  office  force 21,000 

Main  office  force 67,000 

Watchmen 4,500 

Temporary  office 1,000 

Total,    engineering    $181,500 

The  engineering  was  6.65  per  cent  of  the 


total  cost  of  construction,  wliich  is  a  high 
percentage  on  so  large  a  contract. 

This  Washington  filter  plant  is  similar  to 
the  Albany  plant,  but  it  cost  65  per  cent 
more  per  acre,  due  principally  to  the  higher 
contract  prices,  especially  the  price  for 
filter  sand  which  cost  $2.65  per  cu.  yd.  at 
Washington  as  compared  with  $1  per  cu, 
yd.  at  Albany.  It  was  anticipated  by  the 
Washington  contractors  that  the  cost  of 
producing  filter  sand  of  specified  cleanli- 
ness would  be  far  greater  than  it  really 
was. 

In  discussing  the  paper,  Mr.  J.  A.  Vogle- 
son  gave  the  following  table  of  cost  of 
cleaning  filter  sand  per  cubic  yard: 


Scraping    

Removing    

Washing 

Replacing    

Total,  per  cu.  yd . . . 
Rate  of  wages,  per  8  hrs 
Cost,  per  million  gals... 


tion  above  some  datum  plane,  generally  sea 
level. 

The  co-ordinates  of  a  point  are  ob- 
tained indirectly  by  means  of  traversing. 
A  traverse  is  a  series  of  lines  whose 
lengths  and  directions  in  relation  to  one 
another  are  known.  By  referring  all  trav- 
erse lines  to  a  single  direction  through  an 
initial  point,  called  the  origin,  we  have  the 
regular  system  of  rectangular  co-ordinates. 
Some  means  of  control  over  the  traverse 
work  must  exist  if  the  work  is  to  be  the 
basis   for  monumenting  a  street  layout. 

Today  a  system  of  triangulation  is  gen- 
erally adopted  as  that  control.  Formerly, 
where  no  such  control  was  maintained,  the 


Philad 

elphia 

Upper 

Washington 

Albany 

Belmont 

Roxboro' 

(1906). 

(1899-1901). 

(1905). 

(1905). 

$0.05 

$0.13 

$0.21 

$0.18 

0.16 

0.25 

0.23 

0.22 

0.05 

0.30 

0.30 

0.09 

0.13 

0.25 

0.25 

0.30 

$0.39 

$0.93 

$0.80 

$0.79 

$1.50 

$1.50 

$1.75 

$1.75 

$0.60 

$1.66 

$1.25 

$0.63 

The  low  cost  of  cleaning  Washington 
filters  is  due  to  the  method  used.  After 
scraping  the  sand  into  piles,  it  is  shoveled 
into  an  ejector  and  carried  through  a  hose 
to  a  4  in.  pipe,  and  thence  to  the  sand 
washers,  and  thence  through  pipes  to  the 
sand  bins,  from  which  it  is  drawn  off  into 
carts  and  dumped  through  the  roof  of  the 
filter  into  a  rotatable  chute  which  dis- 
charges it  where  desired. 

The  cost  of  30  cts.  per  cu.  yd.  for  "re- 
placing" the  sand  at  Upper  Roxboro,  Phila., 
is  the  contract  price,  the  work  being  done 
with  wheelbarrows.  Before  the  replacing 
was  done  by  contract,  it  cost  the  city  52 
cts.  per  cu.  yd.  by  day  labor,  thus  furnish- 
ing another  one  of  the  numberless  exam.- 
pies  of  the  greater  efficiency  of  contract 
labor. 

Traverse  Work   in   Connection   With 
the  Triangulation  of  the  Borough 
of  the  Bronx,  With  Special  Ref- 
erence to  Accurate  Meas- 
urement With  Tapes. =■= 

BV    MR.    EDWARD    H.    HOLDEN.f 

The  essentials  of  a  topographical  bureau 
are  as  follows : 

(1).  A  topographical  map  on  a  scale 
embracing  the  entire  district,  showing  con- 
tours, rivers,  roads,  etc. 

(2).  Section  sheets  of  the  same  on 
larger  scale  showing  more  detail. 

(3).  Traverse  sheets  with  range  lines 
showing  the  traverse  lines  and  stations 
with  full  dimensions. 

(4).  General  map  of  the  entire  section 
showing  plan  of  streets. 

(5).  Sectional  maps  of  the  same  on  a 
larger  scale,  showing  contours,  street  lines, 
monumentcd  lines,  with  dimensions  and 
grade  elevations. 

(6).    Accurate  and  complete  record. 

I  shall  this  evening  speak  of  the  traverse 
work.  All  physical  features  of  the  earth's 
surface  together  with  the  improvements 
man  has  made,  are  located  or  defined  in 
space  by  their  three  dirnensions.  Two 
dimensions  are  generally  given  by  latitude 
and  longitude,  or  by  rectangular  co-ordi- 
nates ;    the   third    diinension    by    its    eleva- 

*Reprinted  from  the  Proceedings  of  Mu- 
nicipal Engineers  of  the  City  of  New  York. 

tAssistant  Engineer  in  charge  of  Surveys 
and  Monumenting,  Topographical  Bureau, 
Borough  of  The  Bronx. 


procedure  was  thus :  a  first  traverse  was 
run  and  balanced  in  the  usual  way,  on  it- 
self; a  second  traverse  was  run  and  bal- 
anced on  part  of  the  first;  a  third  on  the 
second,  and  so  on,  each  succeeding  traverse 
being  built  upon  the  preceding  ones. 

Whether  you  embrace  the  whole  terri- 
tory by  a  large  traverse  and  cut  it  up  in 
smaller  areas,  or  build  up  the  whole  by  the 
smaller  ones,  the  fact  remains,  that  if  you 
take  a  point  at  an  appreciable  distance  from 
the  origin,  the  necessary  balancing  makes 
one  doubtful  of  the  accuracy  of  its  co- 
ordinated position.  One  of  the  greatest 
sources  of  error  in  balancing  is  that  the 
principle  of  it  assumes  that  the  error  is 
uniform,  whereas,  in  practice,  local  errors 
frequently  occur,  and,  unless  they  are 
large,  there  is  no  way  of  detecting  and 
locating  them.  Consequently  your  good 
work  is  vitiated  by  some  local  error,  as, 
for  example,  a  miscall  in  the  tenths  of  a 
foot,  or  the  chainman,  in  reading  the  tape 
upside  down,  counts  his  hundredths  from 
the  wrong  tenth. 

An  error  of  this  kind  cannot  be  balanced 
or  distributed  over  the  entire  work,  but 
remains  a  local  error,  and  at  each  traverse 
station  either  way  this  is  felt,  becoming 
proportionately  as  the  length  of  the  trav- 
erse increases. 

The  result  is  that  when  you  have  your 
district  traversed  and  the  positions  co- 
ordinated, these  co-ordinates  are  mislead- 
ing and  do  not  give  the  true  relation  be- 
tween the  positions,  and  when  you  project 
a  straight  line  through  two,  three  or  more 
of  your  adjoining  traverses,  you  find  in 
the  field  that  your  intended  straight  line 
has  as  many  bends  as  the  number  of  trav- 
erses it  involves. 

The  same  thing  is  true  for  the  angles  of 
intended  streets  and  avenues,  and  your 
instructions  for  laying  them  out  will  not 
develop  the  map  or  required  angles. 

It  is  to  this  end  that  the  principle  of 
control  is  brought  to  our  aid,  and  by  it 
we  have  our  traverse  runs  under  control  to 
the  extent  of  the  precision  of  the  triangula- 
tion. 

In  order  to  keep  up  the  standard  of  pre- 
cision in  the  field  work  one  must  keep  an 
everlasting  vigil  on  the  work  itself.  When- 
ever a  monument  or  point  is  used  as  a 
basis  of  new  work  it  is  most  important  to 
verify  the  correctness  of  its  position.  This 
may  seem  self-evident,  but  I  can  assure 
vou    that    the    neglect    of   this    matter    has 
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The  charter  of  Greater  New  York  calls 
fi.r  n  •rinni.-'ilation  in  conformity  with  the 
;i:''.  :    'lie    United    States   Coa'^t    and 

(ifilitic    .^urM-y,   on    which   all    maps   art- 
to  be  based. 

This  trianKulation  wa.s  begun  in  May. 
I'*"'!,  under  the  direction  »if  Mr.  A.  T. 
M'^man  of  (he  United  States  Coast  and 
Geodetic   Survey. 

In  July.  10(M.  the  Prcsidcn(  of  (he  Bor- 
"iiijh  of  The  Bronx  began  (he  crec(ion  of 
-iijnal  s(ations  in  his  borough  and  it  was 
my  privilege  (o  Ix  assigned  to  the  work. 
.-\  reconnaisance  survey  was  made  show- 
ing the  inter-visibility  of  the  proposed  sta- 
tions. A  plan  of  the  same  was  submitted 
to  Mr.  Mosman  from  which  he  laid  nu( 
(he  base  nc(  and  general  triangulation 
scheme.  The  base  line  selected  was  si(u- 
.iit'l  at  Uninnpori  and  so  named,  its  length 
Ixing  appro.ximatily   1-,ihio  ft. 

Sixteen  triangulation  towers  ranging 
from  3fi  to  84  ft.  in  height  were  built, 
which,  together  with  eleven  buildings  and 
twci  pules.  cons(i(uted  the  29  stations  of  the 
Borough  of  the  Bronx. 

In  the  cons(ruciion  of  (hese  s(a(ions  high 
poles  were  used  which  ma(erially  expedit- 
ed the  work.  These  were  set  vertically  at 
the  proposed  s(a(ion  and.  by  climbing  the 
pole  until  you  can  see  all  the  surrounding 
stadons,  you  gc(.  in  one  operation,  the  re- 
quired height  of  the  tower. 

Without  its  use.  one  must  occupy  every 
station  (o  determine  the  inter-visibility  of 
that  station  and  the  propn^rd  one. 
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simply  played  havoc  with  the  final  maps. 

Imagine  an  error  in  direction  of  a  cer- 
tain line  amounting  to  from  0  to  20".  and 
the  line  as  monumented  to  be  kept,  also  a 
layout  of  streets  at  right  angles  to  it,  (he 
fixtures  at  the  other  end  of  the  streets  be- 
ing at  right  angles  to  another  line  where 
no  error  exists,  and  you  will  agree  with 
me  when  I  congratulate  the  other  boroughs 
and  tell  them,  they  do  not  know  what  they 
have  missed. 

In  general,  traverses  connecting  (he  tri- 
angulation stations  are  called  primary 
traverses.  They  are  made  with  utmost 
care,  every  precaution  being  taken  (o  ex- 
clude errors,  (he  chaining  being  done  in 
duplicate,  and  the  two  results  should  not 
differ  more  than  0.02  per  l.fNMi  ft.  The 
work  should  be  done  on  cloudy  days  when- 
ever  possible. 

In  primary  traverse  work,  the  tape  is  not 
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duce  the  traverse  error  to  li  in.  per  mile, 
which  is  the  minimum  distance  between 
the    triangulation    stations. 

As  an  example,  the  distance  between 
Parkway  and  Baychester  was  measured 
with  our  primary  apparatus,  the  distance 
being  6,347.356  ft.  Two  measurements 
were  made,  differing  by  0.01  ft.  This 
measurement  referred  to  triangulation  sta- 
tion 6,204.25  vs.  6,204.37  U.  S.,  a  differ- 
ence of  1  in  51,000. 

The  line  was  divided  into  five  sections 
and  was  defined  by  monuments  set  before 
the  measurements  were  made.  The  first 
section  was  measured  three  times,  its 
length  being  3,149.8185  ft.  The  greatest 
range  being  0.0044  ft.,  or  probable  error 
of  1  in  4,500,000.  A  test  record  was  kept 
of  tlie  time  taken  for  measurement,  2,400 
ft.  taking  45  mins.,  a  rate  of  100  ft.  in  2 
mins. 

On  Tremont  Ave.,  from  Eastern  Boule- 
vard to  Fort  Schuyler  Road,  8,000  ft. 
(over  the  line  and  back  again)  were  meas- 
ured in  5  hr.  and  55  mins.,  a  rate  of  100 
ft.  in  4%  mins.  Many  obstacles  presented 
themselves,  much  clearing  being  necessary. 
The  line  crossed  the  salt  meadows  and.  the 
tide  being  up.  the  men  had  to  pick  their 
way  over  and  around  the  streams.  It  was 
one  of  the  worst  places  in  The  Bronx  for 
this  kind  of  work.  The  work  being  essen- 
tial, was  done  with  the  primary  apparatus 
and  the  results  are  given  just  as  it  was 
accomplished. 

The  line  over  the  Eastchester  Meadows 
was  divided  nearly  equally  by  a  large  rock 
or  boulder  known  as  "Cactus  Knoll."  Each 
section  was  measured  four  times ;  the  sec- 
tions, as  measured,  are  as  follows : 
E.\STCHESTER  LINE. 
Cactus  Knoll — Maguire. 

1 6  6SS.59S8  ft.  —  0.020 

2 6  6SS.6035  ft.  —  0.015 

3 6  688.63S8  ft.    +  0.020 

i 6  688.6341  ft.    +  0.015 

Average 6  688.6188  ft. 

Cactus    Knoll — Paul. 

1 5  322.8185   ft.    -|-  0.0110 

2 5  322.8558  ft.    +  0.0483 

3 5  322.8056   ft.   —  0.0019 

4 5  322.7501   ft.   —  0.0574 

Average 5  322.8075  ft. 

making  a  total  of  11,190.08  ft.  as  against 
11,190.32  ft.  as  given  by  the  triangulation, 
or  a  difference  of  one  part  in  40,600. 

The  monumented  line  of  White  Plains 
Road  runs  approximately  parallel  with  this 
line  over  the  Eastchester  Meadows,  being 
about  10,300  ft.  distant.  Cross-tie  traverse 
lines  connecting  these  two  lines  were  run 
through  233rd  St.  and  Gun  Hill  Road  or 
210th  St.,  the  distance  between  the  last 
mentioned  streets  being  about  6,000  ft. 
The  error  of  closure  was  0.012  per  1,000 
ft.  and  the  six  angles  gave  an  angidar  er- 
ror of  0.7'  per  angle.  The  total  length  of 
the  traverse  was  32,000  ft. 

The  line  of  Eastchester  Meadows  was 
measured  with  a  300-ft.  tape  (its  cross- 
section  being  3/32x1/50  in.),  known  as 
hoop  skirt  wire.  The  tape  was  supported 
every  50  ft.,  and  the  tension  was  16  lbs. 

The  standardizing  of  this  tape  afforded 
an  opportunity  for  studying  the  effects  of 
temperature  and  forms  of  thermometers 
necessary  with  the  different  cross-sections 
of  tapes. 

A  field  comparator  was  established  at  the 
northeast  corner  of  the  ball  ground  at  Cro- 
tona  Park,  and  its  length  was  determined 
by  the  applications  six  times  of  the  Park 
Department  50-ft.  standard  length.  This 
was  done  before  sunrise  to  avoid  the  ef- 
fects of  the  sun.  The  greatest  range  in 
these  measurements  was  0.003  ft.  The 
300  ft.  was  measured  twice  in  the  morning 
and  three  times  after  sundown.  It  was 
again    measured    at     an     interval    of     two 


weeks  and  found,  by  two  measurements,  to 
be  correct.  The  thermometers  used  were 
the  chemical  thermometers,  having  no 
backing  or  support.  They  were  graduated 
to  single  degrees,  and  estimated  to  Vi  de- 
grees. Tests  were  continued  from  sunrise 
on,  and  soon  it  was  certain  that  no  reli- 
able results  could  be  obtained  when  the 
sun  was  shining,  .\nother  fact  made  it- 
self manifest,  which  was  that  any  kind  of 
a  thermometer  would  not  answer  for  all 
tapes,  and  that  certain  thermometers  would 
not  answer  at  all.  For  instance,  the  ther- 
mometer of  the  so-called  city  engineer's 
tape  is  housed  in  a  tube  of  brass  which 
stores  heat  and  renders  the  thermometer 
readings  misleading.  Any  excess  of  metal 
or  anything  else  which  stores  heat  more 
than  the  tape  does  is  bad.  The  comparator 
was  advantageously  located  in  a  place  that 
was  shaded  from  the  sun  in  the  morning, 
and  the  proximity  to  the  park  caused  al- 
ternately cool  and  warm  currents  of  air 
about  the  tape.  Thus  it  was  impossible  to 
note  the  tape  lengths  and  the  correspond- 
ing thermometer  readings.  The  tape  was 
first  watched,  and,  at  a  noted  change,  the 
thermometer  readings  were  simultaneously 
recorded.  This  was  repeated  several  times 
and  then  the  operation  was  reversed,  i.  c, 
the  thermometers  were  watched  and  the 
tape  lengths  recorded  for  the  change  noted 
in  the  thermometers.  With  the  chemical 
thermometers,  the  corresponding  changes 
tallied  remarkably  well,  but  with  others 
this  was  not  the  case,  and  their  use  was 
discontinued.  The  cross-section  of  the  tape 
regulates  the  sensitiveness  required  in  the 
thermometers. 

An  interesting  fact  has  been  observed  in 
the  300-ft.  tape,  which  was  that  it  was 
constantly  increasing  in  length.  The  cause, 
we  think,  was  its  small  cross-section  for 
the  16-lb.  tension.  Greatest  care  had  been 
taken  in  reeling  and  unreeling,  so  that  its 
change  in  length  could  not  have  been  due 
to  that.  The  fact  remains  that  it  stretched, 
and  Mr.  Mosman,  in  his  criticism,  called 
attention  to  the  possibility  of  change  in 
length  of  the  city  chain.  A  low  tension 
does  not  receive  the  endorsement  of  the 
U.  S.  Coast  and  Geodetic  Sur\-ey.  Our 
experience  justifies  the  abandonment  of 
small  cross-sections  and  low  tensions. 

About  a  year  ago  some  steel  tapes  were 
received  from  Keuffel  &  Esser,  the  cross- 
section  was  %  X 1/50  in.,  and  the  outer 
surface  was  tinned  to  avoid  rusting.  It 
was  found  that  they  did  not  respond  to 
temperature  changes  the  same  as  the  steel 
tapes  of  the  same  cross-section.  The  ex- 
planation is  that  the  surface,  being  bright, 
reflects  some  of  the  heat  and  does  not, 
therefore,  expand  the  same  as  the  dull 
steel  tape. 

INVAR    TAPES. 

During  the  summer  of  1906,  four  nickel 
steel  tapes  (Invar)  were  used  with  most 
satisfactory  results  by  the  U.  S.  Coast  and 
Geodetic  Survey  on  the  measurement  of 
six  bases  having  an  aggregate  length  of  60 
km. 

In  the  measurements  of  the  bases  re- 
ferred to,  three  steel  tapes  were  used  at 
night,  while  the  Invar  tapes  were  used  in 
daylight.  Mr.  French  also  states  that  the 
steel  and  Invar  measures  were  computed 
independently.  The  differences  between 
them  are  small,  the  largest  being  one  in 
300,000  and  the  average  one  in  500.000. 
The  probable  errors  of  the  bases  from  the 
steel  measured  are  more  than  double  those 
from  the  Invar  measures.  The  final  proba- 
ble errors  of  the  bases,  giving  the  Invar 
double  weight,  are  between  one  in  2.500  000 
and  one  in  5.000.000. 

In  1900,  the  U.  S.  Coast  and  Geodetic 
Survey  demonstrated  that  steel   tapes  gave 


the  same  accuracy  as  the  bar  apparatus 
with  one-third  of  the  cost.  It  is  now 
shown  that  Invar  tapes  give  results  con- 
siderably more  accurate  and  economical 
than   steel   tapes. 

With  mechanical  stretchers  for  the  front 
and  rear  of  the  tape,  and  portable  tripods 
with  adjustable  heads  to  quickly  and  ac- 
curately hold  the  tape  lengths,  the  error 
due  to  manipulation  is  reduced  to  nothing, 
and  with  the  Invar  tape,  measurements  can 
be  made  with  no  appreciable  error. 

SPRING  B.\LANCES. 

The  spring  balance  used  with  the  ctiy 
engineers'  tape  is  faulty  in  respects  other 
than  that  of  the  thermometer.  It  has.  to 
my  mind,  a  wrong  construction.  The  level 
tube  is  at  the  handle  end,  i.  e..  that  further 
away  from  the  tape  and  slides  inside  the 
thermometer  tube.  The  thermometer  tube 
being  attached  to  the  tape,  takes  a  certain 
inclined  position  due  to  the  catenary  of  the 
tape.  This  inclination  must  be  secured  ev- 
ery time  the  tape  is  used.  For  this  position 
you  rely  on  an  inner  tube  which  cannot  be 
fitted  close  enough  to  insure  parallelism 
without  affecting  the  tension.  The  slightest 
movement  out  of  parallelism  affects  the 
level  and,  therefore,  the  front  and  rear 
end  of  the  tape.  To  mj'  mind,  the  prop- 
er construction  would  be  a  reversion  of 
the  parts,  i.  e.,  have  the  inner  tube  carry- 
ing the  level  immediately  next  to  the  tape, 
with  plenty  of  play  between  the  inner  and 
outer  tubes.  The  level  tube  being  abso- 
lutely free  from  friction,  would  insure  ac- 
curacy both  of  the  level  and  tension. 

.■\  further  suggestion  would  be  to  have 
the  end  graduations  on  the  tape,  and  thus 
do  away  with  the  wear  of  the  links  be- 
tween the  tape  and  graduation  on  the  han- 
dle. 

The  spring  balance  tapes,  50  ft.  long,  are 
inspected  in  a  general  way  for  tension, 
compensation  scale,  etc.,  when  they  come 
from  the  makers.  Before  they  are  tak- 
en in  tlie  field,  they  are  tested  for  length. 
They  are  tested  from  time  to  time,  at 
least  every  two  months,  to  be  sure  they 
maintain  their  correctness.  In  the  base- 
ment of  the  Municipal  Building,  The 
Bronx  standard  length  is  defined  by  fine 
cuts  in  copper  bolts  of  1  in.  diameter,  set 
12  ins.  deep  in  the  granite  cube.  These 
are  set  in  concrete  forms  4  ft.  square  and 
from  3  ft.  to  4  ft.  deep,  resting  directly  on 
solid  bed  rock.  The  mechanical  stretchers 
are  supported  by  sidewalls  of  the  base- 
ment. A  clutch,  taking  the  place  of  the 
hand,  receives  the  tape  handles  and  is  ad- 
justed by  mechanical  means  for  elevation, 
side    motion    and    tension. 

Reference  points  for  the  long  tapes  are 
of  similar  construction.  They  are  set  in 
the  ground  at  the  northeast  corner  of  the 
ball  ground  in  the  northerly  corner  of 
Crotona  Park.  The  extreme  distance  be- 
tween the  monuments  is  300  ft.  with  an 
intermediate  one  at  150  ft.  The  definition 
of  the  centers  of  the  monuments  are  car- 
ried up  by  means  of  the  vertical  collima- 
tors. 

There  is  now  under  construction,  in  the 
new  buildings  of  the  Department  Yard  at 
Webster  .Ave.  and  181st  St.,  a  comparat- 
ing  room.  ICO  ft.  long,  for  testing  and 
standardizing  tapes.  Here  the  tempera- 
ture will  be  regulated  by  a  heating  appar- 
atus and  thus  provide  for  the  determina- 
tion of  the  coefficient  of  expansion  as  well 
as  lengths  at  any  desired  temperatures. 

Methods  of  base  line  measurements  have 
been  revolutionized  within  the  last  few 
years.  Today,  we  have  in  the  "Invar" 
tapes  the  greatest  advance  toward  perfec- 
tion in  lineal  measurements,  far  beyond 
the  dreams  of  the  most  sanguine  enthusi- 
ast. ! 
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ROADS    AND    STREETS. 

Road  Treatment  Work  of  the  Massachu- 
setts Metropolitan  Park  Commission  in  1908. 
— Eng.    Contr.,    May    19.    1909.      2-3    p. 

Describes  the  work  done  by  tlie  Metro- 
politan Park  Commission  of  Massachusetts 
in  treating  macadam  roads  with  various  tar 
and  asphalt  mixtures  during  the  year  190S. 
The  article  is  accomplished  by  a  table  giv- 
ing a  summary  of  costs  of  road  repair  and 
maintenance    during   the   year  named. 

An  Analysis  of  Traffic  on  Seven  Typical 
Highways  in  Rhode  Island.— By  A.  H. 
Blancliard,    Eng.-Contr..    May    12.    1909.    2  1-3 

pp. 

This  article  describes  the  methods  em- 
ployed in  securing  a  traffic  census  on  seven 
typical  highways  in  Rhode  Island.  The 
classification  of  traffic  that  was  adopted  is 
explained  and  in  five  large  tables  are  shown 
the  results  of  the  track  census. 

Tables  for  Use  in  Road  and  Street  Work. 
—Eng.-Contr..    May    5.    1909.      2-3   p. 

The  tables  in  this  article  give  figures  for 
determining  areas  of  water  ways  for  cul- 
verts, ordinates  for  crowning  street  pave- 
ment, weight  of  drain  tile  and  cubic  yards 
of   broken    stone   per    mile. 

Steam  Road  Roller  Maintenance. — Eng.- 
Contr..    May    5,    1909.      1-6    p.  ■ 

Gives  the  cost  of  maintaining  l.S  steam 
road  rollers  employed  by  the  Massachusetts 
Highway    Commission    during    19ftS. 

Experimental  Road  Work  by  the  Massa- 
chusetts Highway  Commission  in  1908. — 
rng.-Contr..    May   a.    1909.      4   pp. 

Describes  at  some  length  the  experiment 
conducted  by  the  Massachusetts  Highway 
Commission  to  determine  the  best  methods 
of  constructing  roads  to  prevent  damage 
from   automobile   traffic. 

The  Theory  of  Economic  Road  and  Street 
Design  and  Location.— Eng.-Contr.,  Jlay  5. 
12.    19   and   26,    1909.      4Vz   pp. 

These  are  a  continuation  of  the  series  of 
articles  begun  in  the  April  14  issue  of  the 
above  journal.  The  articles  start  with  the 
assumption  that  a  scientific  method  of  de- 
signing roads  and  streets  is  quite  as  possi- 
ble as  a  scientific  method  of  laying  out  a 
railway.  The  articles  then  present  such  a 
method  giving  rules  and  data  of  all  kinds. 
Controlling  the  Consistency  of  Bitumin- 
ous Binders. — By  C.  N.  Forrest.  Eng. 
Kec,   May  1,    1909.      1   p. 

Describes  and  illustrates  an  instrument 
for  determining  the  consistency  of  road 
binders  and  gives  the  results  of  some  test 
m.Tde   on   a    number   of   binders. 

Experiments  in  Road  Treatment  in  Massa- 
chusetts.    Gd.  Rds.  Mag..  May.  1909;   IV2  pp. 

Describes  several  experiments  with  bitu- 
minous binders  conducted  in  190S  by  the 
Massachusetts   Highway    Commission. 

New  Road  Legislation.  Gd.  Rds.  Mag.. 
May,   1909;  2  pp. 

Gives  an  abstract  of  good  road  laws  passed 
by  the  legislatures  of  klalio,  Georgia  and 
North   Dakota. 

Street  Cleaning  Appliances.  Mun.  Jl.  & 
Engr..  May  19,  1909;  8  pp. 

Illustrates  and  describes  a  number  of  street 

.cleaning  appliances,   among   them   being   the 

street   flushing   machines   of   Chicago.    111.,    a 

hand    flushing    appliance    at    Buffalo.    N.    Y.. 

and   a   suction   cleaner  used   in   California. 

Standardizing  Tests  of  Bituminous  Ma- 
terials. By  W.  W.  Crosby,  Gd.  Rds.  Mag. 
May,  1909;  1  p. 

The  article  gives  suggested  tests  and  lines 
of  investigation  to  be  followed  in  determin- 
ing the  characteristics  of  bituminous  ma- 
terial  for  highway  work. 

Illinois  Experimental  Roads.  Gd.  Rds. 
Mag..   May,   1909;  3 ','2  PP- 

Gives  detailed  cost  of  experimental  ma- 
cadam roads  constructed  by  the  Illinois 
Highway  Commission  in  1906  and  1907. 

The     Future     Road — the    Wearing    Surface. 


By   Philip   W.    Henry.      Gd.    Rds.    Mag..    May, 
1909;  2  pp. 

A  paper  read  at  the  International  Road 
Congress  in  Paris,  October.  190S.  The  article 
of  road  surfaces  composed  of  bituminous 
cenient. 

Concrete  Roadways.  By  Charles  W.  Ross. 
Gd.  Rds.  Mag..  May.  1909;  6  pp. 
.  In  this  article  Mr.  Ross  has  given  his  ex- 
perience with  concrete  roadways.  Various 
methods  of  mixing  and  placing  the  concrete 
are  described.  The  paper  was  awarded  sec- 
ond prize  in  the  contest  arranged  by  the  As- 
sociation of  American  Portland  Cement  Man- 
ufacturers. He  also  treats  of  the  construc- 
tion of  curbing  and  street  bridges,  and  gives 
some  space  to  resurfacing  macadam  road- 
ways with  cement  and  sand. 

The  Road  Conference.  The  Surveyor,  May 
7.  1909;   32  pp. 

A  brief  account  of  the  Road  Conference 
held  at  the  Institution  of  Civil  Engineers.  A 
nimiber  of  papers  were  read  at  the  confer- 
ence and  are  reported  in  the  above  issue. 
Among  the  papers  were  the  following:  Notes 
on  the  Tonnage,  Life  and  Wear  of  Stones 
in  Road  Surfaces,  by  John  A.  Brodie;  Con- 
struction and  Maintenance  of  Roads,  Wear 
and  Tear,  etc.,  by  William  Nisbet  Blair: 
Road  Maintenance,  by  F.  G.  Carpenter;  Con- 
struction and  Maintenance  of  Roads,  by 
Geo.  A.  Phillips;  Width  of  Roads  and  Provi- 
sion of  Footpaths,  by  William  Harpin;  Wear 
and  Tear  of  Motor  Traffic  on  Roads,  by  W. 
J.  Taylor;  Construction  and  Maintenance  of 
Roads,  by  .Albert  D.  Greatorex;  Effect  of  the 
Horseshoe  and  Narrow-Wlieel  Tire  on 
Roads,  by  J.  H.  .4.  McDonald;  Road  Con- 
struction. Cui'ves.  Gradients  and  Camber,  by 
H.  T.  Wakelam;  Reducing  Cost  of  Road 
Maintenance  by  Improved  Construction  of 
Roads,  by  Col.  R.  E.  Carpenter. 

Experiments  in  Road  Treatment.  Mun.  Jl. 
&  Engr..  May  26.  1909;   2%  pp. 

A  description  of  experiments  conducted  by 
the  V.  S.  Officer  of  Public  Roads  during  190S. 

SEWERS. 

Fundamental  Principles  of  Sewage  Purifi- 
cation on  Land. — By  Rudolph  Hering.  Eng. 
News.    .May    C.    1909.      3    pp. 

This  is  a  very  interesting  summary  by  a 
well  known  authority  of  the  various  prin- 
ciples of  sewage  purification  which  have 
come  to  be  recognized  by  sanitary  engi- 
neers. The  subject  is  discussed  under  tiie 
heads  of  Bacterail  Surface.  Liquidity,  Air 
■Supply.  Length  of  time  of  Percolation  and 
Temperature. 

Culvert  and  Sewer  Design,  with  Especial 
Reference  to  Reinforced  Concrete. — By 
Ernest  M'CuUough,  Eng.-Contr.,  May  .1. 
1909.      3  1-3   pp. 

This  article  is  a  rather  thorough  discus- 
sion of  the  questions  that  arise  in  design- 
ing   reinforced    concrete    sewers. 

Some  Novel  Methods  of  Sewer  and  Street 
Construction  on  Reclaimed  Land. — Eng.- 
Contr..    May    5.    1909.      1  1-3    pp. 

Describes  the  method  of  constructing 
sewers  and  also  of  constructing  brick  pave- 
ment on  land  which  had  been  reclaimed  by 
filling  in  with  hydraulic  dredges.  The 
methods  employed  were  unusually  novel  and 
interesting  and  the  article  will  interest  en- 
gineers who  may  have  work  of  a  similar 
character  in  hand.  One  feature  of  the 
pavement  construction  was  that  the  con- 
crete base  was  reinforced  and  was  supported 
upon  reinforced  concrete  beams  carried  by 
wood    piles. 

The  Louisville  Sewerage  Improvements. — 
By  Roger  De  L.  Fi-ench.  Eng.  Rec.  May  J, 
1909.      3    pp. 

A  description  is  given  of  a  $4,000,000  sewer 
project.  Methods  of  doing  the  work  are  de- 
scribed, and  details  of  the  work  and  design 
are  illustrated  with  drawings  and  photo- 
graphs. 

Reinforced      Concrete      Block     Sewer.       By 


Stephen   Litchfield,   Mun.   Jl.   &   Eng..    May  5, 
1909;  214  pp. 

Describes  methods  of  construction  and 
laying  employed  at  Bath.  Me. 

Sewerage  and  Sewage  Treatment  in  the 
United  States.  Mun.  Jl.  &  Eng..  May  5,  1909; 
5  pp. 

Tables  containing  data  from  a  number  of 
cities  on  methods  of  sewage  treatment, 
methods  of  ventilating  sewers,  use  of  catch 
basins  and  amount  and  sizes  of  vitrified  pipe 
and  concrete  sewers. 

Septic  Tank  Patent  Decision.  Mun.  Jl.  & 
Eng.,  May  .5,  1909;  1%  pp. 

A  discussion  of  the  legal  points  of  the 
Saratoga  Springs  decision  in  regard  to  the 
Cameron  septic  tank. 

Sewage  Treatment  at  Bloomington.  By 
George  L,  Thou.  Mun.  Jl.  &  Eng..  May  5. 
1909;   3  pp. 

Describes  the  sewage  purification  plant  at 
Bloomington,  Ind.  Plant  includes  settling 
tanks,  combined  closing  chambers  and  con- 
tact beds,  percolating  filters  and  sedimenta- 
tion  basin. 

Concrete  Sewers  at  Richmond.  Ind.  By 
Fred  R.  Charles.  Mun.  Jl.  &  Eng..  May  5. 
1909;   3  pp. 

Gives  the  author's  experience  with  rein- 
forced pipe  and  monolithic  reinforced  con- 
crete. Methods  of  construction  and  some 
cost  data  are  given. 

Sewage  Disposal  at  Columbus.  O.  By  E. 
A.  Kemmler.  Mun.  Jl.  &  Eng..  May  5.  1909; 
10  pp. 

A  description  of  the  sewage  disposal  sys- 
tem of  Columbus,  O.  The  system  includes 
septic  tanks  and  artificially  constructed  in- 
termittent sand  filters.  The  system  cost 
about  $675,000  and  was  placed  in  operation 
last  fall.  Numerous  drawings  and  half-tones 
showing  typical  features  of  the  plant  are 
gi\'en. 

The  Influence  of  Rainfall  on  the  Design  of 
Sewers.  By  C.  A.  Battiscombe.  The  Sur- 
veyor, May  7,  1909;  2  pp. 

Brings  out  a  number  of  points  regarding 
rainfall  and  the  size  of  sewers. 

Methods  of  Sewer  Construction  in  Clinton, 
la.  By  Charles  P.  Chase.  Mun.  Eng.  Mag., 
May.  1909;  4  pp. 

Describes  the  construction  of  some  four 
miles  of  concrete,  brick  and  pipe  sewer  at 
Clinton,  la.  Some  of  tho  concrete  was  placed 
in  freezing  weather,  and  the  instructions  for 
doing  this  are  given  in  this  article.  Approx- 
imate costs  of  the  work  are  also  given,  as  is 
a.  description  of  the  plant  employed. 

WATER-WORKS   AND    HYDRAULICS. 

Hydraulic    Gate   Valves     for     the     Chicago 

Water- Works.— Eng.  News.  May  13.  1909. 
1    p. 

This  article  illustrates  and  describes  the 
construction  of  a  42-in.  hydraulic  gate  valve 
for    the    Chicago    water-works. 

General  Specifications  for  the  Design  of 
Elevated  Tanks  and  Stand  Pipes.— By  C.  W. 
Rirch-Nord,  Eng.-Contr..  Jlay  12,  1909. 
1  1-6    pp. 

The  author  gives  general  specifications  for 
the  design  of  elevated  tanks  and  stand 
pipes. 

Discharge  Formulas  for  Cast  Iron  Pipe. — 
By  George  L.  Bean.  Min.  Scien.  Press,  May 
S,    1909.      1    p. 

A  comparison  is  made  of  various  pipe  dis- 
charge formulas  for  clean  cast  iron  pipe; 
the  discharge  in  units  of  1,000.000  gallons 
per  24  hours. 

How  to  Find  Leakage  in  Water  Mains  and 
Sewers.     Mun.  Eng.  Mag..  May.  1909;   4  pp. 

Describes  methods  of  finding  leakage  in 
mains,  valves  and  hydrants,  in  services  and 
in  houses. 

Cost  of  Concrete  Pipe.  Mun.  Jl.  &  Engr., 
.May  .5,  1909;   %  p. 

Table  showing  the  nature  and  cost  of  con- 
crete pipe  of  ^■arious  sizes,  thickness,  etc.. 
in  a  number  of  cities. 
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tual  Expenditures  and  Results  to  Navigation 
and  Commerce. — By  Alexander  H.  Weber. 
Eng.  News,  May   6,   1909.     1  2-3  pp. 

This  is  a  verj'  interesting  statistical  sum- 
mary of  the  expenditures  wliich  have  been 
made  in  improving  the  waterways  of  the 
United  States.  The  improvement  work  is 
divided  into  several  classes  and  the  expendi- 
ture for  each  class  is  summarized.  Figures 
are  also  given  for  each  class  showing  as  far 
as  possible  the  benefits  to  commerce  w-hich 
have   been    deriverl   from   the   expenditure. 

River  Bank  Protection  in  Northern  India 
by  Stone- Filled  Wire  Net  Cylinders. — Eng. 
News,  May  6,   1909.      1V4  pp. 

An  article  describing  the  methods  of  river 
bank  protection  employed  in  India  on  rivers 
which  are  subject  to  sudden  and  excessive 
floods.  The  point  of  chief  novelty  in  the 
work  is  the  use  of  cylinders  of  wire  netting 
which  are  filled  with  small  boulders  with 
which  to  construct  revetment  spur  dams 
and   other   similar  structures. 

The  Design  of  Cable  Stations  for  River 
Measurements. — By  J.  C.  Stevens.  Eng. 
News,   May  6,   1909.     2  pp. 

This  article  discusses  in  great  detail  the 
methods  to  be  followed  in  designing  cable 
stations  for  river  measurements.  Stations 
of  this  kind  have  been  constructed  and  are 
being  constructed  in  considerable  numbers 
b>'  the  Water  Resources  Branch  of  the  U.  S. 
Geological    Sui'vey. 

Some  Methods  and  Costs  of  Revetment  and 
Dam  Wori<,  Rock  Chiseling  and  Submarine 
Drilling  and  of  Cofferdam  Work;  Upper  Mis- 
sissippi River  Improvement, — By  C.  McD. 
Townsend.     Eng.-Contr..    May    12,   1909.   a   pp. 

Describes  in  detail  many  of  the  methods 
used  in  these  various  classes  of  work.  Also 
gives  some  costs.  Illustrated  with  drawings. 
Condensed  from  a  paper  presented  to  the 
Western   Society   of   Engineers. 

New  Municipal  Piers  In  Baltimore  Harbor. 
—Eng.   Rec.   -May  S,   1909.     3  pp. 

An  important  article  on  pier  work,  as  it 
not  only  describes  the  old  timber  bulk- 
heads, so  extensively  used  in  America,  but 
also  a  radical  departure  in  pier  work,  con- 
sisting of  a  concrete  structure  on  concrete 
piles.  Methods  of  doing  the  work  are  also 
described. 

The  Construction  of  a  Spillway  on  the 
Tombigbee  River.— Eng.  Rec,  May  22,  1909. 
2   pp. 

In  this  article  is  described  the  foundation 
work,  including  a  description  of  a  floating 
concrete   mixing  plant. 

RAILWAYS. 

Temporary  Work  on  the  Canadian  Pacific 
Railway. — B.\'  J.  Grant  MacGregor,  Can. 
Engr.,    May   14,    1909,      5   pp. 

The  author  describes  and  illustrates  in 
detail  a  number  of  types  of  structures  which 
have  been  used  for  temporary  work  on  the 
Canadian  Pacific  Railway,  The  structures 
described  compromise  cattle  guards,  cul- 
verts, trestles,  crib  piers  and  abutments,  and 
crib  retaining  walls.  Nearly  all  these  struc- 
tures are  of  wood.  Some  general  costs  of 
the   work   are  given. 

Screw  Spikes  and  Improvements  in  Rail 
Fastenings. — Eng.  News,  May  29,  1909, 
2  2-3  pp. 

This  is  a  reprint  of  an  article  by  Mr.  W. 
C.  Gushing  of  the  Pennsylvania  System  on 
the  use  of  screw  spikes  for  fastening  rails. 
The  European  practice  is  described  at  some 
length  and  the  subject  of  screw  spike  fast- 
enings   is   discussed    in   detail. 

Methods  of  Snow-Fighting  on  Railroads. — 
By  A.  W.  Wheatley.  Eng.-Contr.,  May  26, 
1909.     1%  pp. 

A  very  interesting  article  describing  the 
methods  employed  in  keeping  railway  track 
clear  of  snow.  The  handling  and  operation 
of  a  rotary  snow  plow  are  described  in  great 
detail.  This  article  contains  many  hints 
which  should  be  found  useful  by  any  rail- 
way operating  official  who  has  a  large 
amount   of  snow   fighting   to   do. 


Methods  and  Cost  of  Making  2,000  Miles 
of  Preliminary  and  Location  Surveys  for  a 
Railway. — Eng.-Contr.,  May  10.  1909.  5  pp. 
This  is  an  unusually  interesting  article  to 
railroad  locating  engineers.  It  describes  the 
methods  of  making  2,000  miles  of  preliminary 
and  location  surveys  for  a  railway  in  the 
south  central  states.  The  various  blanks, 
forms  and  standard  titles  used  are  illus- 
trated and  the  cost  of  the  several  surveys  is 
given    in    detail. 

The  Method  of  Appraising  the  Land  Value 
of  the  Michigan  Railways. — Eng.-Contr.,  May 
.'i.    I'.MIO,    1    p. 

Two  letters  describing  the  methods  em- 
ployed in  appraising  land  values  in  the  work 
of  the   Michigan   railroad   appraisal. 

The  Detailed  Cost  of  Elevated  Railways  in 
Brooklyn  and  New  York. — Eng.-Contr..  May 
.■..    1909.      1   p. 

Gives  in  tabular  form  the  cost  of  con- 
structing double  track  elevated  railways  in 
Biooklyn  and  New  York  during  three  differ- 
t-nt   periods   ranging  from   1SS5  to   1903. 

Steel  Ties  vs.  the  Wooden  Tie, — Ry.  &  Eng. 
Rev.,    May    8,    1909.      1    p. 

A  letter  to  the  editor  giving  some  esti- 
mates of  the  relative  cost  of  steel  and 
\^'ooden    ties. 

Standard  Telegraph  and  Telephone  Lines 
of  the  Virginian  Ry. — Ry.  &  Eng.  Rev.,  May 
S,    1909.      1   p, 

A  short  description  is  given  of  the  stand- 
ard plans,  and  the  details  are  shown  by 
drawings. 

Railway  Rate  Making  Practice. — By  Wm. 
Z.  Ripley,  R.  R.  Age  Gaz.,  ilay  7  and  14, 
1909,      7  pp. 

A  discussion  of  rate  making  practices  in 
use  today,  covering  tlie  evolution  of  a  rate 
sheet  and  the  exigencies  of  railway  compe- 
tition. 

Sudbury-Kleinburg  Branch  of  the  Canadian 
Pacific— By  F,  S.  Darling.  R.  R.  Age  Gaz.. 
.May   14,    1909.     4  pp. 

A  description  is  given  of  this  branch  line 
and  the  need  of  it,  also  of  the  work  of  con- 
struction. Illustrated  with  maps  and  photo- 
graphs. 

Replacing    a     Double-Track      Skew      Bridge 

and   Viaduct. — Eng.    Rec,   May  8,  1909.     2  pp. 

Describes  the  method  of  replacing  a  bridge 

of  this  character  on  the  Lehigh  Valley  R.  R., 

without    interfering    with    the    traffic 

Suggestion  in  Regard  to  Earth  Shrinkage 
and  Overhaul,  and  the  Use  of  Graders  and 
Steam  Shovels  on  Railways. — By  F.  Pardee 
Wilson.      Eng.-Contr.,    Jlay  5,    1909.     3  pp. 

A  veiT  interesting  paper  suggesting  for 
discussion  various  phases  of  the  shrinkage 
of  earth  in  railroad  embankments,  tlie  over- 
haul of  material,  the  laying  out  of  wagon 
road  crossings,  and  the  use  of  elevating 
grades  and  steam  shovels  for  railroad  grad- 
ing. 

Instrument  for  Measuring  the  Wear  of 
Rails. — By  Wilhelm  Eyberger,  Bui.  Inter. 
Ry.    Con.     May,    1909.      IVa   pp. 

Describes   a   very   simple  but   ingenious   in- 
strument for  measuring  the  wear  of  T  rails. 
Comparative      Rail      Specifications. — R.      R. 
Age    Gaz.      May   21,    1909.      6    pp. 

In  five  columns,  running  across  two  pages 
of  the  paper,  are  given  the  rail  specifica- 
tions of  the  American  Railway,  the  Steel 
Manufacturers  of  America,  the  American  So- 
ciety of  Civil  Engineers,  the  American  Rail- 
way Engineering  and  Maintenance  of  Way 
Association  and  the  American  Society  for 
Testing  Materials.  A  sixtli  column  is  re- 
served for  comments.  This  arrangement  ad- 
mits   of   ready    comparisons    being    made. 

Mechanical  Appliances  for  Track-Laying. 
By  J.  F.  Springer.  Cas.  Mag.,  June,  1909;  16 
pp. 

Ti'ack -laying  machines  are  described  in 
tliis  article  and  also  the  method  of  operat- 
ing them.  Illustrated  with  a  large  number 
of   photographs. 

Track  Elevation  in  Chicago,  Eng.  Rec, 
May  29,  1909;  3%  PP. 
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"The  Steel  Beam" 

By  R.  B.  WOODWORTH, 
Engineer  with  Carnegie  Steel  Company. 

With  Discussion — Illustrated. 

A  paper  of  unusual  value,  giving  results 

of  recent  tests  on  full-sized  sections. 

June,  1909. 
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*'Arc  Welding 

By  C.  B.  AUEL, 
Engineer  with  Westinghouse  Electric  &  Mfg.  Co. 

With  Discussion — 18  Illustrations. 

A  paper  giving  applications,  tables  of 

power  required,  curves,  etc. 

May    1909. 
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Both  ti 
particularly  concerned  111  tins  tact,  in  th.it. 
first,  they  have  as  a  class  so  far  not  aided 
to  hring  about  a  different  result,  and  ihat. 
second,   they   have   the   opportunity   before 
thcni   of    redccminj;  this   indifference  in   a 
manner  which  wc  shall  imlii-ntc  further 

The  first  legislative  siii>  towards  a  1 
state  waterway  was  taken  in  Oclober.  I!»"i. 
when  by  concurrent  vote  of  both  hous«:s  of 
the  Illinois  general  assiintily  an  amend- 
ment cf  the  state  constituti.  -  '■  - 
specifically  for  an  issue  of  J 
'Minds  to  build  a  waterway  froiii  L..^kpurt 
to  near  Utica.  III.,  was  ordered  submitted 
to  popular  vote.  Lockport  is  the  present 
terminus  of  the  Chicago  Drainage  Canal 
and  Utica  is  on  the  Illinois  River,  and  the 
distance  between  them  by  canal  route  is 
(V2  miles.  At  the  general  election  rf  10*1* 
the  people  voted  on  this  amendment  and 
of  the  I.|."i4.0fi7  votes  cast  at  this  election 
.W.lii  per  cent  were  for  the  amendment. and 
1(5.7.5  per  cent  were  against  it :  i\A'J  per  cent 
of  the  voters  were  too  indifferent  to  express 
their  will  by  vote.  .\  majority,  it  will  Ik- 
seen,  of  the  voters  favored  the  amendment 
and,  accordingly,  the  policy  of  a  state  b::ilt 
waterway. 

Antidating  the  election  a  commission 
known  as  the  Internal  Improvement  Com- 
mission of  Illinois  had  been  appointed  and 
had  been  at  work  studying  the  engineering 
and  other  features  of  the  proposed  canal. 
This  commission  made  a  preliminary  report 
in  the  fall  of  19<)8.  which  formed  the  speci- 
fic information  on  which  the  people  based 
llieir  v"ites.  The  main  leaiure>  of  this  re- 
port were  published  in  ExGiSEntlsr.- 
CoNTRACTlNC  of  Oct.  U,  1908.  Later 
studies  motlified  the  original  plan  some- 
what .\s  the  plans  now  arc  it  is  propose<l: 
..\fter  leaving  the  Chicago  Drainage  Canal, 
which  is  Itio  it.  wide,  to  con^i  '    \\- 

lie)  .'t"o  ft    wide,  wherever  it   •  li- 

!i.  i.ilK   .  ri-.it.  >!.  with  a  depth  1  .'■! 
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11''"'    hp.    it    wa»    cslimalctl,    Wi>uld    l>c 
within  the 
l!ii«  p^int. 
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V  .   fac- 

-      The  fact  is  that 

Intemal 

'   the 

rcsentalives      its 
.•iir.    in    preventii  ,, 

•lie  matter  stands  now. 
1  he  hope  of  ar-    •  "i  •'  action   before 
1911,  now  lies  in  he  call  of  an 

CXi'.'  of    till-     I  '    .      ' 

tur<  'ic  f.ill  •• 

IcRl- 

test 

cration  of  other  measures,  such  a  session 
should  soon  accomnli-li  .  .mething  definite 
toward  the  desired  It  is  in  work- 

ing f  '1  for  a  sotind 

an.l  act   after  the 

legi 
com 

far   the    burden   ol    ihc   sin  . 
l>orne  bv  a   few   men   only 
sion.     It  should  l>e  taken  up  by  all  mem- 
bers.    Xo  one  is  more  vitally  interested  in 
an   lllhiois  waterway  than  is  the  engineer 
and  the  contractor 


An  Engineering   Commission. 

.\ii  .ic!    pr... Kiiiii;    :..r    ..   >  '    for 

codifying  the  building  laws  will 

come  liefore  the  ii.    '   '  ■  ■  for 

action      In  order  ■.  -ci%'e 

proper  •' 
may  Ite 
ests  coni 
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with  the  legislators  having  the  act  in 
charge  and  hat  voted  the  following  resolu- 
tion: 

of    I 


a(     th* 
elef  !e«' 


The     Failure    to    Secure    an     Illinois 
Water-Way  Law. 

I>rgislation  to  iirovide  for  :iii  !lliiioi«  »fate 
waterway  has   failctl.     'I'lu 
has    adjourned    without    p.i- 
the  measures  designed  to  inaWi    :i  beginning 
in    »H..    long    sought    s)ii;i      m"'    t"'Mi    the 
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Concrete  and  Reinforced  Concrete  Section 


Note: — This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  cover  the  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mixing,  transportation  and  placing;  fabrication  and  placing  of  reinforcement, 
and  form  construction  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


Hints  for  Inspectors  of  Concrete  Work. 

VII. 
Molding  and  Driving  Concrete  Piles. 
Concrete  piles  are  constructed  by  two 
methods:  (1)  A  hole  is  formed  in  the 
ground  by  driving  a  metal  pile  or  by  other 
means  and  is  filled  with  concrete;  (2)  a 
concrete  pile  is  cast  in  molds  and  after  it 
has  become  hard  is  driven  like  a  timber 
pile.  The  various  methods  of  molding 
piles  in  place  are  controlled  by  patents  and 
pile  construction  by  these  methods  is  done 
only  by  certain  firms.  Cast  piles  of  cer- 
tain special  forms  are  also  patented,  but 
if  these  special  forms  be  excepted,  cast 
piles  may  be  made  and  driven  by  anyone. 
In  piles  molded  in  place  the  chief  uncer- 
tainties are  whether  the  concrete  is  prop-, 
erly  placed  and  tamped  and  remains  unin- 
iured  until  it  has  hardened  and  gained  its 
strength.  With  cast  piles  the  uncertainty 
is  whether  the  pile  after  driving  is  still 
sound  or  has  been  injured  by  the  driving. 
These  uncertain  points  are  the  chief  ones 
to  be  watched  out  for  by  the  inspector. 

Driving  Piles  In  Place. — See  that  the 
driving  of  shells  or  cores  for  new  piles 
does  not  injure  adjacent  piles  which  have 
been  concreted  but  in  which  the  concrete 
is  still  fresh  or  green.  The  jar  in  driving 
is  considerable  in  certain  kinds  of  ground 
and  may  readily  endanger  the  setting  and 
hardening  of  adjacent  concrete  work. 
When  piles  are  close  driven  the  formation 
of  the  new  holes  may  also  so  compress  and 
shift  the  surrounding  soil  as  to  constrict  or 
distort  fresh  concrete  which  has  been 
placed  in  adjacent  holes  previously  formed. 
Constructing  Piles  In  Place. —  See  that 
the  concrete  is  deposited  with  care  to 
prevent  seggregation  of  stone  from  mor- 
tar and  to  prevent  admi.xture  of  dirt  with 
the  concrete.  A  strong,  dense  concrete  is 
needed  for  piles  and  the  usual  precautions 
for  securing  it  should  be  observed. 

Reinforcing  Piles  in  Place. — See  that  the 
reinforcement  is  set  parallel  and  concen- 
tric with  the  axis  of  the  pile.  The  best 
practice  is  to  assemble  the  reinforcement 
into  a  unit  frame  and  to  place  it  as  a  unit. 
Cast  Piles. —  See  that  cast  piles  are 
straight,  that  the  metal  points,  if  such  are 
used,  are  firmly  attached,  that  there  are  no 
cracks,  that  the  surface  is  not  deeply 
chipped  and  that  none  of  the  reinforcing 
metal  is  exposed.  If  cored  for  sinking 
by  water  jet  see  that  the  cores  are  open 
and  unobstructed ;  if  fluted  on  the  sides  to 
provide  passages  for  rise  of  water  used  in 
jetting  see  that  the  flutes  or  corrugations 
are  not  obstructed. 

Molds  for  Cast  Piles. —  See  that  the 
molds  are  constructed  straight  and  are  kept 
level  and  true  to  line.  Surface  roughness 
joint  marks,  etc.,  are  not  objectionable,  but 
a  pile  which  is  not  straight  is  liable  to 
fracture  in  driving  or  imder  load.  See 
that  the  molds  are  supported  by  a  rigid 
level  foundation  or  molding  bed. 

Reinforcing  Cast  Piles. — See  that  the  re- 
inforcement is  set  parallel  to  and  concen- 
tric with  the  axis  of  the  mold,  and  is  held 


rigidly  in  this  position  during  concreting. 
The  best  practice  is  to  assemble  and  wire 
the  reinforcement  into  unit  frames  for 
placing. 

Casting  Piles  in  Tiers.— See  that  inde- 
pendent supports  are  provided  for  each 
tier  of  molds  in  casting  piles  in  tiers  to 
save  room. 

Concreting  Cast  Piles.— See  that  the  con- 
crete is  poured  at  several  points  along  the 
mold;  concrete  which  is  all  poured  at  one 
point  and  m.ade  to  fill  the  mold  by  flowing 
is  likely  to  be  streaky. 

Driving  Cast  Piles.—See  that  the  driving 
of  cast  piles  is  so  done  that  the  pile  is  not 
fractured  in  the  body.  See  that  the  head 
is  protected  by  a  cushion  cap  to  take  the 
direct  blow  of  the  hammer.  Watch  the 
driving  carefully  to  discover  cracks,  ex- 
cessive spalling,  etc.  If  the  driving  is  done 
by  water  jet  see  that  the  pile  is  settled  to  a 
firm  bearing. 

Handling  Cast  Piles.—See  that  the  meth- 
od of  handling  the  piles  to  the  driver  is 
such  that  damaging  strain  is  not  brought 
on  the  pile.  Cast  piles  may  be  cracked  by 
roughlv  dragging  them  with  one  end  on 
the  ground  or  bv  swinging  them  clear  by 
a  fastening  at  mid-length. 

Cast  Concrete  Work. 

Cast  concrete  w'Ork  comprises  hollow 
building  blocks.  Unties,  beams,  columns,  or 
other  molded  members,  and  ornamental 
shapes.  The  blocks,  etc.,  are  produced  by 
pouring,  tamping  or  compressing  concrete 
hito  molds  and  permitting  it  to  harden  to 
ihe  molded  shape.  The  casting  or  mold- 
ing is  commonly  done  in  factories  -when 
the  inspection  relates  usually  to  the  fin- 
ished block  alone,  but  sometimes  it  is  done 
on  the  work  when  the  inspection  relates  to 
methods  of  manufacture  as  well  as  to  the 
finished  product.  The  methods  of  mold- 
ing and  hardening  are  so  many  that  only 
general  directions  for  inspection  can  be 
given ;  for  special  variations  in  process  the 
inspector  must  devise  in  addition  rules  to 
fit  the  particular  characteristics  of  the 
work  in  hand. 

Mcllwds  of  Molding.— Three  general 
processes  are  employed  for  molding  ca,st 
concrete  work:  (1)  A  dry  mixture  is 
heavily  tamped  into  a  mold  and  the  block 
is  immediately  released  and  set  aside  for 
curing;  (2)  a  hquid  mixture  is  poured 
into  molds  where  the  blocks  remain  until 
hard:  (3)  a  medium  wet  mixture  is  com- 
pressed into  molds  by  hydraulic  presses 
or  other  means  of  securing  great  pressure. 
Mi.ring  for  Dry.  Mixture  Blocks. — See 
that  the  mixing  is  thorough  and  uniform. 
The  amount  of  water  used  for  dry  mix- 
ture blocks  is  so  small  that  it  can  be  even- 
ly distributed  through  the  material  only  by 
careful   and   thorough   mixing. 

Consistency  of  Dry  Mi.vtures.—Sce  that 
the  mixture  is  as  wet  as  can  be  used  with- 
out sticking  to  the  molds  and  without  sag- 
ging or  sloughing  when  the  molds  are 
removed.  The  proper  consistency  has  to 
be  determined  by  experimenting  on  the 
materials    being    used.     The    block    should 


part  from  the  molds  without  sticking  and 
should  preserve  its  molded  form  perfectly. 
Sice  of  Dry  Mixture  Batches. — See  that 
the  size  of  batch  mixed  is  not  greater  in 
amount  than  the  quantity  that  can  be 
molded  into  blocks  before  the  cement  be- 
gins to  set. 

Molds  for  Dry  Mixture  Blocks.  —  See 
that  the  molds  are  rigid  and  are  rigidly 
bolted,  clamped  or  locked  together.  See 
that  the  molds  are  so  constructed  that  they 
can  be  removed  or  "released''  without  in- 
jury to  the  green  blocks.  See  that  the 
platens  or  working  plates  on  which  the 
block  is  carried  and  stacked  are  stiff 
enough  not  to  .spring  under  the  load  and 
can  be  gotten  hold  of  for  carrying  with- 
out wrenching  or  tilting  the  green  block. 

Tamping  Dry  Mixtures. — See  that  the 
tamping  is  done  from  the  bottom  up  as 
the  mixture  is  filled  into  the  mold.  See 
that  the  tamping  is  thorough,  that  the  ma- 
terial is  thoroughly  compacted  in  corners 
and  around  edges  as  well  as  in  the  center 
of  the  blocks.  Do  not  permit  the  mold  to 
he  half  filled  before  beginning  tamping, 
fill  the  mold  a  little  at  a  time  and  con- 
tinue tamping  from  the  first  shovelful  un- 
til the  mold' is  filled.  Unless  the  tamping 
is  even  and  uniform  there  will  be  soft 
spots  in  the  block. 

Facing  Dry  Mixture  Blocks. — See  that 
the  facing  mixture  is  well  bonded  with 
the  concrete  backing  by  tamping  the  two 
together.  The  common  practice  is  to  place 
the  facing  mixture  against  the  bottom  or 
sides  of  the  mold  and  fill  above  or  be- 
hind with  the  concrete  backing,  which  is 
tamped   as   the   filling  proceeds. 

Renioz-ing  Dry  Mixture  Blocks  From 
Molds.— See  that  the  block  is  removed 
from  the  mold  to  the  curing  skids  with- 
out cracking  it  or  injuring  corners  or 
arrises.  A  dry  mixture  block  when  taken 
from  the  mold  has  no  cohesion  except  the 
tamping  density ;  it  has  to  be  removed  and 
handled  with  great  care  to  prevent  in- 
jurv.  Arrises  and  corners,  if  not  badly 
damaged,  can  be  repaired,  but  a  block 
which  is  cracked  cannot  be  satisfactorily 
repaired;  it  should  be  broken  up  and  the 
material  thrown  back  and  molded  over. 

Stacking  Dry  Mixture  Blocks.— See  that 
the  green  blocks  are  stacked  for  curing  in 
a  horizontal  position  on  unyielding  sup- 
ports and  so  as  not  to  touch  or  to  bring 
anv   weight   on   adjacent  blocks. 

Protecting  Dry  Mixture  Blocks.— See 
that  blocks  are  molded  and  stored  for  cur- 
ing so  that  they  cannot  be  acted  upon  by 
direct  rays  of  the  sun,  warm  air  currents 
or  frost.  .\  shed  or  housing  should  be 
provided  for  both  molding  and  storing, 
and  the  molded  blocks  had  better  remain 
under  cover  for  at  least  a  week.  If  shed 
room  cannot  be  provided  for  a  week's  out- 
put of  blocks,  the  blocks  may  be  carried 
outside  after  setting  and  covered  with  can- 
vass, straw  or  other  covering  that  will 
preserve  the  moisture  and  shield  the  blocks 
from  the  sun  and  wind. 

Sprinkling  Drv  Mixture  Blocks. —  See 
that  the  blocks  are  freely  supplied  with 
water  by  sprinkling.  A  dry  mixture  block 
does  not  have  enough  mixing  water  to  en- 
able the  cement  to  set  and  harden  per- 
fectly and  this  deficiency  has  to  be  sup- 
plied bv  sprinkling.  The  sprinkling  should 
begin  as  soon  as  the  cement  is  hard 
enough  not  to  wash,  within  an  hour  after 
molding,  and  should  continue  for  at  least 
ten  davs.  See  that  the  sprinkling,  particu- 
larly while  the  block  is  still  soft,  is  done  by 
means  of  a  gentle  spray  which  will' not 
"wash"   the   concrete. 

Removing  Drv  Molded  Blocks  from 
Ptatens.—See    that    the    block    is    removed 
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>i/t    [I'  ir   more   lialclieN 

arc  ri  ■  thai  the  iioiiriiiK 

i-      -  -   iiraclicahle. 

II  f I     .\tijrtur,- 
l<  ^  ■!  i>  not  removed 

until  the  c«>ncreic  has  thoroughly  set   and 
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Methods  and  Cost  of  Building  a  Con- 
crete Culvert  in  Freezing  Weather. 
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Fig.    1  —  Details   of    Concrete    Culvert. 

i>  strung  enough  to  do  without  the  sup- 
port of  the  mold.  The  time  of  safe  re- 
moval depends  on  the  nature  of  the  niold- 
c<l  piece;  its  size,  shape.  ueiRht  aiul  the 
straiiK  which  will  conic  upon  it  in  the 
process  of  reniovinK  the  forms.  A  small 
compact  block  can  be  turned  out  of  the 
molds  as  soon  as  the  cement  has  set  if 
care  is  used :  a  he.ivy  molded  (jirder  can 
have  the  sides  of  the  mold  removed  in  IJ 
to  '2i  hours  but  it  cannot  I>e  handled  for 
a  much  longer  period  de|iending  ^n  condi- 
tions 

rrox-ision  for  IlitiidUnz  Molded  Blocks. 
— See  that,  in  molding  heavy  blinks,  suit- 
able provision  is  made  for  liamlling  by 
molding  dug  and  clevis  holes  in  the  block, 
inserting  pins  or  cyc-bolls,  etc.  See  that 
these  holes  or  fastenings  are  liberal  in  size 
anil  are  not  located  to<i  near  corners  or 
f.ices.  else  the  strain  of  lifting  will  shell  off 
the  concrete. 

Accuraiy  of  S7i,i/i,.  and  Dimensions.— 
See  that  llu-  liluk  is  true  to  shape  and 
exact  in  diiiuiis|c.iis,  with  iace>  true  to 
plain-  and  iiliji-s  true  to  line.  Sec  that 
moldings  and  otlur  oriiameiilations  are 
perfect.  .\  moliled  block  should  Ik-  cuiial 
in  perfection  to  cut  stone  in  :ill  i>irtirulars 
of  «hapc  and  dimensions. 


Vico-Consul-Goncral     \S  in.ni      i;      Mull, 
writing    from    L'ant'.n.   gives    the    following 

account    of    the    .    •    '  '■   ' •       -•   ■•  ne 

works   b>    the    ■  ic 

nia.iulacture  of  i.   : .,       ,  ,  i 

stiiution,    which    is    known   as   ihe    > 
(iovernment    Cement    Works,    will    i 
daily    output    of    .VK)    barrels,    each    Uirfel 
weigbiiig   17")  pounds  ii'-i      The  ••••meni  will 
be  inaiiul.u mrril    ii  -       '•  a 

barrel,    :iiiil    tli   •.       ^ ;  he 

market    al    S-'i    .\K-si.    ■:  .  i  ■  .ii..r 

gold).     This   i.    Si  l•l•nl^   .1    l...iit.  I   ,h..i|Mr 
than    the    <  irr.ti     I-I.iinl  .  i  ,  !,     n 

ilongkoiiK,  b.'i   11   the  loi 
keen    the    Lhiiu'se    can    ri  • 
considerably,  as  they  expect   !■  to 

inaniilacture  the  cement   at   a   :  -re 

than  it  can  lie  manufactured  in  llcngkuiig 


I  111-     liilloun  ,  i,|. 

vert    const rui:  i« 

taken    from   in:    ..  ^<' 

J     II.    kyckiiiaii    III 

tird"  for  .\pril   I" 

built    by    J.     P.     .\: 

I'.  U-,  b^   contract 

It   contained   '.'II   cu.   .kiU.   oi 

was  of  the   s«clion  and  dini> 

by  Kig.  I. 

The  concrete  was  a  l-v!V4-.5  mixture  up 
to  the  springing  line  .11  '  '  '  I  mixture 
for  the  arch    ring:    tli.  was   pit 

gravel   rnnning   very   uiu. 1   contain- 

ing  a  maximum  stone  of  l'>i  ins  It  was 
screened  at  the  pit  through  a  \4-iii  screen 
and  the  screenings  were  remixed  with  e<|ual 
pjirts  of  gravel  direct  from  the  pit,  the 
mixture  giving  ibe  required  •">«•  per  cent  of 
sand.  The  gravel  was  delivered  by  dump 
carts  to  the  top  of  the  bank  alxive  the 
work  auil  from  there  it  was  chuted  to  the 
mixing   lM>aril  as  waiiteil. 

The  mixing  was  done  bv  hand  and  the 
mixed  concrete  was  delivered  to  the  work 
in  steel  wheelbarrows  by  tneans  of  a  run- 
way on  the  forms,  l-"ig.  i.  .\  very  dry 
mixture  was  used  to  reduce  chances  of 
freezing,  .\  gang  of  8  men  .mixing  and 
wlueliiig  averaged  U'lVi  cu.  yds.  mixed  and 
placed  per  shift.  The  footing  course  was 
first  concreted  and  then  the  forms  were 
erected.  The  arch  center  and  the  outside 
lagging  up  to  the  springing  line  level  were 
placed  and  the  sides  were  concreted,  then 
the  remainder  of  the  outside  lagging  was 
placed  and  llie  arch  ring  was  concreted 
The  concreting  was  contiiiuous.  unrk  be- 
ing carried  on  night  and  il.iy.  The  forms 
used  are  shown  by  I-'ig.  2.  The  lagging 
for  the  insiiic  form  was  dressctl  lumber 
and  drcssecl  lumber  was  used  for  lagging 
the  outside  forms  for  a  short  distance  at 
e:ich  end :  all  other  lagging  was  rough 
lumber.  The  outside  forms  were  made  as 
shown  instead,  of  circular  to  minimize  la- 
lK>r;  the  top  of  the  arch  ring  between 
forms  was  rounded  by  slmvel.  the  correct 
height  of  the  crown  being  lixed  by  the 
vertical   boar<l  shown  by  Fig.  '1. 

The  provisions  against  frost  consisteil  of 
heating  the  gravel  and  the  niixing  water 
and  of  covering  the  fresh  concrete.  The 
water  was  heated  in  large  iron  |Mits.  The 
gravel  was  heated  by  building  large  wo<mI 
tires  on  top  of  the  stock  pile.  Some  of 
the  heat  was  lost  in  chuting  the  gravel  to 
the  mixing  board,  but  this  chuting  permit- 
ted most  of  the  ashes  from  the  woo<|  tire 
being  blown  away  l>y  the  wind  With  the 
aid  of  the  hot  water  the  concrete  was  still 
warm  when  deiwisited.  .\s  soon  as  <lc- 
positeil  the  concrete  was  covered  with  cem- 
ent bags,  and  when  a  l-ft.  length  of  arch 
ring  hail  Ih-cu  completed  it  was  covcrcti 
with  cement  bags  and  alMiut  a  foot  of 
loose  straw.  Tbough  the  temperature 
ranged  from  freezint'  to  lielow  zero,  no 
trouble  was  hati  because  of  frozen  con- 
crete. 

The  cost  of  construction,  (lartly  actual 
and   partly  estimated,   was   as    follows: 

•  'oneri-le 

Per  i"u. 

T-itnt        Y.t 

Tit 

C.-I;  _      ;.^ 

Total    camriit 


realii-!.'!''.    •.!    ■l.ij-s    .11     I 
Homm.  «l  ilnya  nl   i; 

Total    snivel  lui     ti  usl 


I  ..i«.i      ,1;    .1 1; .     I'    I 
^Niriiui. 


ion     w  r. 


t  •'      X<--fA 


'     I!.-       IX,  ij» 


Tiiliil    I 
l.iiiMir 

Ki»r«-iiuin.    ■' 
t'lirpenler,    -.    ....... 

Tnlnl     tubor     . . . 

<imnd   lolnl 
SalMiiie   value    . . 

Total   eliniKetl    •■ I' 

The  high    salvage  value  allowed  on 
forms   was   i        •     '  '  '         ' 

could   be    u- 

the    s;ime    In..  ,,,,...,. 

value    is    the    total    cost    less     !■ 
depreciation   and  estimated    exp.  : 
king  down,  transporting,  and  rc-crccling 
new   work. 

Summari/ing  the  al' 
ing  general  and  other 
It  emu: 

r- 

Total. 
Su|i.-rlni.-ni|.n<-.-.    iirn<-i..    ru-...|    |0«     |ii 
Inl      and     I)c|i.    on    plant    and 

IimiIb       IS        0. 

I'liiirurni.    runn-ns^ 

fijilvnic<*    25       0. 

Kiirtiiit     !W       A 

Miiterliiltt 
l.ji!Mir     . .  . 


the 


11: 

773 


TotlllH 


fl.T 


Smoke    prevention    will    be    discusir-'    -• 
the    fourth    annual   convenimii   al    S)  r 
\.  Y.,  on  June  -J.'t,  ■.'!  and  !■>.  of  t!  . 
lutional  .\ssociation  for  the  IV' 
Smoke,   in  the   following    formal 
"Smoke    .Miateinent    in   Oiicago,"    by    lUul 


I. •••«' H 

Fig.  2 — Forms  for  Concrete  Culvert. 

P.    Hird    01 

by    Joseph    1 

the   I'haractir    >.i    (.^.^U   !.■ 

of    Smoke."    bv    n     T     R., 

wi'' 


di- 

In: 

.Sii 

"  by  L   < 

B. 

..     .1      I 

ol    ■ 

p;.. 

without 

M... 

l-aiilks 

Ir 
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Earth  and  Rock  Section 


Note :  This  Section  is  devoted  to  methods  and  costs  of  excavating  earth  and 
rock  and  building  embankments.  It  will  cover  the  grading  of  roads  and  rail- 
roads, diking  and  canal  work,  dredging,  building  reservoirs  and  earth  dams, 
sewer  and  water  pipe  trenching,  quarrying,  etc. 


Excavating  Street  for  New  Pavement 

with  a  Revolving  Steam  Shovel. 

Some  iLl.iH.ii.i  to  :Ji.i,MMn  cu.  yds.  of  excava- 
tion in  cut  ranging  from  14  to  18  ins.  in 
depth  is  being  done  by  steam  shovel  in 
repaving  a  portion  of  Wentworth  Ave.,  in 
the  city  of  Chicago.  The  excavation  is 
being  made  between  curb  and  street  rail- 
way track  on  each  side  of  the  avenue,  the 
strips  being  approximately  IT  ft.  wide  each. 
The  excavation  is  being  made  for  a  gran- 
ite block  pavement  on  a  O-in.  concrete 
base.  The  Ready  &  Callaghan  Coal  Co., 
Chicago,  111.,  are  the  contractors,  and  they 


to  keep  the  adjoining  street  railway  rails 
clear  of  earth ;  cars  pass  at  about  1  minute 
intervals  during  the  day. 

The  shovel  loads  directly  into  wagons, 
as  shown  by  the  illustration  and  has  to 
wait  on  the  wagons.  This  limits  its  out- 
put which,  however,  runs  from  loO  to  300 
cu.  yds.  excavated  and  loaded  per  8-hour 
day.  The  shovel  is  operated  by  a  shovel- 
man  and  a  fireman  and  there  is  required  a 
snatch  team  and  driver  to  help  the  wagons 
out  of  the  pit  at  times,  to  snake  away 
crosswalk  stones,  etc.  Altogether  the  work- 
ing gang  employed  at  the  shovel  is  8  men. 
Were    there    no    street    car    traffic    to    intc- 


Comments  on  Methods  of  Excavating 

Trenches  and  Ditches. 

(Continued  from  June  "2  Issue.) 
The  dressing  of  the  sides  of  trenches 
and  ditches  is  an  important  matter.  We 
will  first  consider  trenches.  In  shallow 
trenches,  where  shoring  or  sheeting  is  not 
needed,  the  trench  needs  but  little  dressing 
up.  it  being  only  necessary  to  keep  the  re- 
quired width  and  line.  In  deeper  trenches 
the  sides  should  be  kept  clean  of  all  loose 
earth ;  when  the  sides  are  left  in  a  raveling 
condition,  dirt  sifts  off  the  sides,  inter- 
fering with  the  free  work  of  the  men  lay- 
ing pipe  in  the  trench,  and,  by  collectiiig 
in  the  bottom  of  the  trench,  causing  extra 
work,  after  the  excavating  gang  has  left 
the  trench.  The  easiest  method  of  keeping 
the  sides  clear  of  loose  earth  is  by  going 
over  them  w-ith  a  shovel  or  spade.  A  pick 
is  too  slow  and  expensive  for  this  class  of 
work,  while  a  mattock  in  the  hands  of  a 
workman  will  mean  that  the  work  will  be 
done  better  than  it  need  be. 

In  excavating  deep  trench,  where  shoring 


Revolving    Steam    Shovel    Excavating    a    14-in.   Cut  for  Pavement   Foundation. 


are  using  a  No.  0  Thew  steam  shovel, 
made  by  The  Thew  Automatic  Shovel  Co., 
Lorain,  O.,  for  the  work. 

The  accompanying  illustration  shows  the 
shovel  at  work  and  indicates  clearly  the 
shallow  depth  of  the  cut.  The  shovel  is  of 
the  traction  type  and  travels  on  a  track 
of  short  pieces  of  3-in.  plank  which  are 
pulled  out  from  behind  and  laid  ahead  as 
the  shovel  advances.  These  tracks  rest  on 
a  layer  of  planks  laid  on  the  bottom  of  the 
cut  and  across-cut ;  these  planks  are  also 
pulled  out  from  behind  and  placed  ahead 
as  the  work  advances  so  that  the  plank- 
way  is  never  more  than  a  few  feet  longer 
than  the  wheel  base  of  the  traction  trucks. 
On  the  Wentworth  Avenue  work  4  men  are  . 
employed  keeping  the  brick  laid.  In  addi- 
tion  to  the  4  pitmen,  "2  men   are   required 


fere  this  gang  could  be  reduced  by  2  or 
possibly  3  men.  .\bout  1  ton  of  coal  is 
burned  per  day. 

The  success  of  the  shovel  in  this  work 
is  due  to  two  principal  features  of  its  con- 
struction:  (1)  the  full  circle  revolution 
and  (2)  the  horizontal  crowding  motion 
of  the  dipper.  The  full  circle  revolution 
permits  the  dipper  to  take  a  cut  at  any 
point  in  the  circle  and  to  deliver  its  load  at 
any  other  point,  while  the  horizontal 
crowding  motion  enables  a  perfectly  level 
cut  to  be  made. 


A  contract  for  the  extension  of  Riverside 
Drive  in  New  York  City  between  the 
boundaries  of  Fort  Washington  Park  has 
just  been  awarded..  The  contract  amounts 
to  $lJ2o.OOO. 


is  not  necessary,  care  must  be  exercised  to 
prevent  the  trench  from  being  a  greater 
width  at  the  bottom  than  at  the  top,  or 
else  the  banks  will  become  top-heavy  and 
cave  in.  This  frequently  happens.  If  the 
trencli  is  made  narrower  at  the  bottom 
than  at  the  top,  the  banks  will  stand  up, 
but  there  may  not  be  room  enough  to 
lay  the  pipe  or  conduits.  The  sides  of  a 
trench  should  always  be  vertical.  This  is 
very  necessary  when  shoring  or  sheeting 
is  used. 

When  sheeting  is  placed  the  sides  must 
be  dressed  up  much  better  than  when  none 
is  used.  In  certain  classes  of  material  tliis 
dressing  can  be  done  with  a  shovel,  but  in 
stiff  clays,  especially  with  a  wide  trench, 
the  long  cutter  mattock  is  a  better  tool  for 
dressing  the  sides.     This   refers  to  timber 
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shrrting.      In   driving  boards,    when    loiiiK 

vertical    -i "■■•     •'- '■  ■■!•'•     i---^-- 

if   t)lr 

that    i! 

times.      When   horizontal 

the    sides    must    lie    well    >. 

of    the    boards    heinK    placol     iviiil>     .uid 

close    to    one    another       W'hrn    -.ii-fl    sheet 

piles  are  used  the  ••idi 

as  the  piles  are.  or  -1 

of  the  excavation,  wiih  im   ^m  .  (■  1 1  or 

top  lo<jt  or  two.  This  is  one  01  the  ad- 
vnii'  .'_■•»  ••I  usii'K  steel  sheet  piles  over 
tl  of   timber. 

1  Mil!   ii|>  of   il'i-   -it.-   ..f  ditches 

is  vieweil   ironi  an  entireh  -taiid- 

point.     .Vs  ditches  are  tt>  n  n.  there 

are  only  a  few  cases  wIkic  ilie  sides 
should  not  only  be  well  dres-ed  but  also 
sloped.  The  writer  has  n<  it  iced  that  many 
ditches  thai  should  be  sloiiid  ami  dressed 
are  not  Riven  this  tinish,  while  others  that 
do  not  need  it  arc  Imth  sloped  and  dressed. 
This  is  particularly  so  of  ilitches  cut  for 
stream  diversions  in  connection  with  ilie 
biiililinn  of  railroads,  especially  in  unde- 
\.l  ;  •!  sections  of  the  country.  Many  cn- 
Kii  ■  .  ri  l.iy  out  a  ditch  of  relatively  the 
same  size  as  the  old  channel  of  the  stream, 
sloping  anil  dressing  up  the  sides  of  the 
ditch  and  Riving  it  a  fair  gradient.  This 
is  a  mistake  and  a  waste  of  money.  If 
a  stream  has  a  channel  varying  from  fi  to 
8  ft.  wide  a  ditch  can  be  dug  about  •'<  ft 
wide,  say  wide  enough  to  admit  of  exca- 
vating it  with  a  drag  scraper,  and  its  side- 
left  vertical.  Tlie  grade  given  to  it  need 
be  very  slight.  Then  if  tlie  old  channel  is 
well  (Iraincd,  the  water  will  be  diverted 
into  the  new  ditch,  and  the  first  heavy  rain 
will  excavate  the  ditch  to  its  proper  size 
and  grade  and  the  action  of  the  water  and 
frost  will  slope  its  banks.  The  writer  re- 
calls diverting  a  -trcam  in  .Arizona  that 
had  a  bed  varying  from  '2'i  to  3ft  ft  in 
width.  He  laid  oflf  a  ditch  just  wide 
<-nough  to  take  a  Fresno  Mrraper — namely, 
from  4  to  5  ft.  wide.  The  excavation  wa- 
done  with  these  scrapers  at  a  low  cost, 
the  banks  being  left  vertical.  The  grade 
was  such  that  the  water  dammed  up  quite 
a  little  before  it  ran  through  the  new  ditch, 
but  the  tirst  rains  washed  out  a  channel 
about  as  wide  and  deep  as  the  old  one. 
However,  this  plan  can  not  always  be  fol- 
lowed when  the  country  is  well  settled  and 
the  land  is  valuable,  for  then  it  may  be 
necessary  to  keep  the  stream  under  con- 
trol. 

Ditches  dug  for  irrigation  drainage  and 
for  power  purposes,  shniild  lie  made  their 
full  size  and  the  banks  should  be  sloped 
and  dressed.  .\  1  to  1  slope  is  very  com- 
monly used,  although  this  is  varied  fmni 
H  to  1  to  2  to  1.  Such  slopes  shouhl  be 
dressed  up  and  trimmed,  a-  the  ditches 
can  be  kept  clean  easier.  F'or  irrigation 
and  other  purposes  it  i*  frequently  neces 
•-ary  to  line  ditches. 

The  lining  of  ditches  and  can.-ils  m  p 
vent    the    loss    of    water     bv 
course,    is    not    necessary    wh. 
plentiful,    but,    when    water    is    ilitiicull    l' • 
obtain    and    for    irrigation    work    it    is.    the 
loss   of    water   then    '  '      ' 

that    a    suitable    linr 
Measurements  of  lo-^    ■■ 
a    large     inmiber    of    irri. 
California,   sh^w   an   aver    . 
canals   of   .i1>..iit    1    per   cent    :■ 
that  water   i-  carried      On  lat.  : 
cases  the  loss  amounted  to   tl  .nut   IJ  pei 
cent    per    mile.      At    limes,    however,    the 
loss   has   exceeded   M  per   cent. 

In  gravelly  soil  the  toss  is  alwajrs  ex- 
cessive, and  the  water  so  lost  from  irriga- 
tion ditclies  and  caii.il-  i-  more  than 
wasted,    as    this    water    eoll.i'         ■•      l.iwrr 


lands,  fitting  the  soil  and  souring  it,  drown- 

1,1,,       li..        r,...>.       ..I       ir...-.        ..,.1       ,.l I 


I'll   prrvent    this    ifepav   dilclie«    dmulil 


with    grouted    or    e^ 

u  !'!i     .  .  ttit-tif     111.  .r  1 


ioriiiaiion  un  inctiiudA  and  e  ing 

and     rrsidts     obtained,     see  sc- 

1  Dec    1.   1908,  pp.  aso  ?,  and 

|ip.  -I'lt-t!. 

1  lb    iiiitiii;  oi  (lit, '        '        '  'jng 

loss   by    secp.ige,   a.  her 

I""- -      Tirst,    tl ..I.    , kept 

r.  The  smooth  lining  iloes  not 
e  suspended  matter  as  readily  as 
iloe>  an  unlined  ditch,  nor  do  weeds 
and  grass  grow  in  the  ditch  to  become  a 
deposit,  .at  the  end  of  each  season,  of  de- 
cayed vegetable  matter.  The  actual  work 
of  cleaning  out  of  the  ditch  is  ::Imi  done 
easier.  N'aturatty,  if  a  ditch  is  allowed  to 
lilt  up,  the  volume  of  water  is  greatly 
reduced,  and  this  may  mean  much  when 
the  ditch  is  used  for  either  icrig.ition  or 
drainage  purposes  or  for  |iowcr. 

If  a  ditch  is  not  lined,  the  edge  of  the 
dilcli,  even  if  it  is  made  a  straight  line. 
when  constructed,  .soon  becomes  uneven 
and  grown  up  with  weeds  and  brush. 
This  not  only  mars  the  appearance  of  the 
ditch  and  consumes  some  water,  but  im- 
peiles  the  flow  of  the  water,  and  reduces 
Its  carrying  capacity  slightly,  t-ilttc  stag- 
nant pools  also  form  as  a  breeding  place 
for  mosquitoes. 

The  third  effect  of  a  lined  ditch  is  to 
prevent  the  water  from  washing  the  ditch 
deeper  and  scouring  its  sides  or  banks. 
Not  only  does  the  water  in  the  ditch  do 
this,  but  rain  water  falling  on  or  near  the 
banks  wash  them  badly.  However,  a  cheap- 
er lining  will  often  prevent  this  as  well 
as  the  more  expensive  kinds  listed  above 
.\  dry  stone  paving,  or  even  crushed  stone 
spread  over  the  bottom  and  sides  of  the 
ditch    will    serve    for   this    purjiosc. 

Trenches  and  ditches  are  excavated  for 
many  purposes.  .Among  them  are  the  fol- 
lowing ; 

Cori'-irall  Trenchts. — These  arc  exca- 
vated in  connection  with  reservoir  embank- 
ments, to  give  a  foundation  to  the  puddle, 
masonry    or    1  "     '     '•    to 

prevent   the  pi  the 

embankment  eiiii-  ■  ice 

of  the  ground  or  !  The 

width   of  these   ire:..  .  .  'Ii 

width  of  the  wall,  but  the  ' 
1  rallv    made    several    feel    »i 

•  iiry   wall,   so  as  to  allow  nl    smiit   »»- 
I    innteri.il   to  be    placed    on   e.nch    side 

d.     The 

-  a   rule. 

ji.ii'i     lor     111  the 

trench.     The    ■  the 

ir.,,.1,      i.      ,.1.  .|,r 


pu*«    is    »otnewhal    simitar     to     core-wall 

•  ..-,..   I,,..         ...M.rK  I..       ..rr,,.,> ,       ,',..,.. 


muck  II 
which  (i 
tracts  1: 
for   wit! 


chines. 

they  ari 

trees   and    uilicr    ). 

much   clearing   ai.  .    . 

This  prevents  the  u^c  ui  iiijcl.ines  ui  vumc 

kinds. 

/■ 
sin: 

dug  l-r 
there  is 
then  fo 
other  SI 
walls,  a 
from  tl 
often  ! 
esi> 
sni.. 

dug  ;,> 

but  the  ' 
diiv.'   ' 
\j 

Im:   , 

of  work   is   • 
yard  or  In  .1  ' 
nished. 
is  inctuii 
turc. 

.9iT.vr    TrcnchtJ. — Ina-iir.ii-b      .i-      M»cr- 
var  'igly    in 

I  re  I  -o  fake  • 

Such    u  \    \u    '.'At    : 

width.  i-wer   tm 

gr.\ 
of 

sm.iii    ..iw  . 
hill    may    lu 
surface.      Tl 
very    deep,    1 
trenches   to   .  - 
kind  of  exca\.itiun  i> 
nets,  lint   the  writer  hi 

.V)  •■     • 

eX' 

ing  iii-M    ■■: 

hand  we  will 

bili'v      ..t     • 

tri  ■ 

sir 

b:i. 

ca'. 

ca- 

lii 


en. 
ar. 
r.\. 

CoHdtm    I 
siniil.ir  i..  t' 


11   (he   unit   basis  01    a  cubic 


the  size  of  tl: 


ill. 


46^ 


ENGINEERING-CONTRACTING 


Vol.  XXXI.     Xc 


-23- 


structions.  In  some  cities  galleries  to  car- 
ry such  pipes  and  also  conduits  are  being 
built.  This  saves  tbe  cost  of  excavating 
a  large  number  of  individual  ditches  and 
admits  of  easy  access  to  the  pipes  to  make 
alterations,  new  connections  and  repairs, 
thus  saving  the  tearing  up  of  our  streets. 
The  trenches  excavated  for  pipes  are  paid 
for  in  a  manner  similar  to  sewer  and  con- 
duit trenches,  and  the  methods  of  exca- 
vating them  are  similar. 

Manholes. — In  pipe  sewer  and  conduit 
trenches  pits  are  dug  at  frequent  intervals 
for  manholes,  traos  or  valves  chambers. 
Even  if  machinery  is  used  to  excavate  tlic 
trenches,  the  e.xtra  width  needed  for  the 
manholes  is  dug  by  hand.  The  metliod  of 
paying  for  this  excavation  is  generally  in- 
cluded in  a  lump  sum  price  for  a  complete 
manliole.  The  work  in  connection  with 
nianlioles  should  be  done  simultaneously 
with  the  otlier  work,  but  owing  to  the  fact 
that  the  materials  are  frequently  ordered 
late,  these  holes  are  left  in  the  trench  for 
some  time,  gathering  debris  from  the 
streets  and  collecting  rain  water,  and  add- 
ing much  to  the  cost  of  the  work,  and 
often  making  necessary  a  special  founda- 
tion. 

Street  Railway  Trendies. — .\\\  street  rail- 
ways are  laid  in  a  wide,  shallow  trench. 
The  material  excavated  is  hauled  away, 
but  little  of  it  being  used  again  in  the 
trench.  The  cost  of  hauling  this  earth 
away  and  wasting  it  should  always  be  in- 
cluded in  the  price  bid  for  the  work,  but 
the  writer  has  known  it  to  be  omitted 
upon  several  occasions.  If  the  road  is  to 
be  either  an  underground  electric  or  a  ca- 
ble road,  a  narrow  trench  has  to  be  ex- 
cavated below  the  trench  meant  for  the 
track,  to  carry  the  cable  or  the  conductor 
rails,  and  holes  running  across  this  trench 
must  be  dug  for  the  yokes,  manholes, 
hatchways  and  boxes.  .Ml  of  this  excava- 
tion is  paid  for  in  the  price  per  lineal  foot 
of  completed  track. 

Drainage  Trenches. — These  are  used  to 
carry  drain  pipes  and  tiles,  either  to  carry 
water  from  some  structure  or  to  drain 
some  area  of  wet  or  marshy  land.  They 
are  seldom  more  than  4  or  5  ft.  wide,  and 
although  excavated  to  a  grade  that  will 
carry  off  the  water,  yet  they  are  seldom 
deep.  Many  of  these  trenches  are  dug  by 
hand,  but  there  are  a  number  of  machines 
that  will  do  the  excavation,  and  some  of 
them  also  lay  the  tile  or  pipe.  These 
trenches  are  always  backfilled  and  the 
prices  paid  include  this  work  and  likewise 
the  laying  of  the  tile  or  pipe.  It  must  be 
remembered  that  the  distinction  between 
these  trenches  and  drainage  ditches  is  that 
the  ditches  are  not  filled  in. 

Drainage  Ditehes. — .\re  meant  to  carry 
water  in  the  open  ditch,  for  drainage  pur- 
poses. When  such  ditches  become  wide 
and  deep,  they  are  no  longer  known  as 
ditches,  but  are  termed  canals,  although 
both  in  drainage  and  irrigation  systems,  all 
lateral  canals  arc,  as  a  rule,  called  ditches. 
Thus  a  ditch  in  one  system  may  be  of 
larger  size  than  a  canal  in  some  other  sys- 
tcin.  It  is  exceedingly  difficult  to  draw  a 
fine  distinction  between  a  ditch  and  a  ca- 
nal, just  as  it  is  between  a  creek  and  a 
river,  as  some  creeks  are  larger  than  some 
rivers.  Drainage  ditches  are  dug  by  hand, 
but,  as  miles  of  such  ditches  arc  being 
built  in  this  country  each  year,  there  have 
been  a  large  number  of  machines  built  to 
do  this  work,  also  for  canal  work.  Some 
of  these  machines  slope  the  banks  of  the 
ditches,  which  is  always  necessary,  as  fre- 
quently explained.  We  will  describe  these 
machines  later.  Ditch  work  is  paid  for  by 
the  cubic  vard   excavated. 


Irrigation  Ditches. — Our  remarks  on 
drainage  ditches  are  applicable  to  irriga- 
tion ditches.  However,  in  irrigation  work 
there  are  small  ditches  used  between  rows 
of  trees  and  plants  that  tap  the  lateral 
ditches  and  carry  water  to  the  roots  of  the 
plants.  Such  ditches  are  made  by  the  for- 
mer, either  by  hand  or  with  a  light  turn- 
ing plow,  or  some  sort  of  a  scraper. 

Roadbed  Ditches. — Ditches  are  excavated 
for  drainage  purposes  in  connection  with 
both  wagon  roads  and  railroads.  Small 
ditches  are  always  made  in  cuts.  For  rail- 
roads these  ditches  are  made  12  ins.  deep. 
12  ins.  wide  on  the  bottom  and  with  1  to  1 
slope  on  the  sides,  making  a  ditch  3  ft. 
wide  on  top.  This  is  for  cuts,  through 
earth.  Same  engineers  use  the  same  size 
and  kind  for  wagon  roads,  but  as  such  a 
ditch  has  to  be  excavated  by  hand,  the 
shape  is  changed  on  wagon  roads  so  as 
they  can  be  excavated  by  plows,  scrapers, 
road  machines  or  elevating  graders.  This 
is  done  by  carrying  the  slope  of  the  road- 
bed to  meet  a  shoulder  of  the  side  of  the 
cut,  thus   forming  a  V-shaped  ditch. 

.Surface  Ditches. — Such  ditches  are  exca- 
v.ated  to  prevent  rain  water  from  runnin.g 
into  railroad  or  wagon-road  cuts,  or  against 
embankments.  These  are  generally  small 
ditches,  with  the  sides  sloped,  and  are  ex- 
cavated by  hand,  the  material  from  the 
ditch  being  thrown  on  the  side  of  the  ditch, 
lietween  the  ditch  and  the  object  it  is  to 
protect.  Like  roadbed  ditches,  these  are 
paid  for  by  the  cubic  yard  of  material  ex- 
cavated. These  surface  ditches  are  often 
termed  berme  ditches,  but  the  writer  be- 
lieves they  should  be  called  surface  ditches 
in  order  to  distinguisli  them  from  the 
ditches   described  in  the  next  paragraph. 

Benne  Ditches. — In  building  railroad  and 
wagon-road  embankments,  the  material  is 
often  obtained  from  ditches  on  each  side 
of  the  embankment,  leaving  a  berme  from 
4  to  in  ft.  wide  between  the  toe  of  tlie 
embankment  and  the  ditch.  This  berme 
gives  the  ditch  its  name.  These  ditches  are 
excavated  by  hand,  by  scrapers  and  with 
elevating  graders.  They  are  paid  for,  in 
many  cases,  by  the  cubic  yard  of  material 
as  shown  by  cross  sections  of  the  embank- 
ment with  an  allowance  for  shrinkage. 
The  proper  way  should  be  by  cross  sec- 
tions of  the  ditches   themselves. 

Power  Ditches. — These  are  ditches  for 
carrying  water  from  a  dam  or  stream  to  a 
power  generating  plant  or  mill,  and  for 
taking  the  water  away  from  the  plant  if 
it  is  not  emptied  directly  into  the  stream. 
Wlien  used  in  connection  with  mills  they 
are  termed  mill  races,  and  the  ditch  carry- 
ing away  the  water  is  called  a  tail  race. 
For  electrical  power  generating  plant  the 
power  ditch  carries  the  water  to  the  pen- 
stock or  a  penstock  pit,  and  at  times  the 
penstock  runs  directly  to  the  canal  or  dam, 
doing  away  with  the  ditch.  The  excava- 
tion is  done  either  by  hand  or  with  ma- 
chinery and  is  paid  for  by  the  cubic  yard. 
Such  ditches  are  lined  when  it  is  necessary 
to  prevent  wastin.g  water. 

Military  Trenches. — These  are  really 
ditches,  as  they  are  not  excavated  with  the 
intention  of  filling  them  in.  They  are  ex- 
cavated, and  the  earth  thrown  up  on  the 
side  of  the  ditch  towards  the  enemy  to 
protect  the  soldier  from  being  shot.  The 
earth  thrown  up  is  known  as  a  breastwork. 
l"or  temporary  purposes  the  ditch  is  made 
wide  and  deep  enouprh  to  obtain  enough 
earth,  so  that  wlien  it  is  piled  up  it  will 
stop  a  bullet,  the  soldier  lying  down  or 
kneeling  behind  the  breastwork  in  the 
trench.  Such  ditches  are  made  long  enough 
to  protect  a  company  or  regiment.  Wlien 
an    army    expects   to   be   intrenched   in   one 


position  some  time,  as  in  a  siege,  the 
ditches  are  made  nnicli  wider  and  deeper, 
so  that  men  in  sin.gle  or  double  file  can 
march  through  them,  wliile  otiiers  are  in 
position  behind  the  breastwork.  Then  the 
breastwork  and  ditch  together  must  give 
a  height  of  6  to  8  ft.  and  a  step  is  cut  in 
one  side  of  the  ditch  for  men  to  stand  on 
as  they  are  shooting  over  the  breastwork 
or  through  pockets  made  for  that  purpose. 
The  men  also  live  in  these  ditches,  so 
holes  are  dug  in  the  sides  to  build  fires  for 
cooking.  Such  ditches  may  extend  for 
miles  when  a  large  army  is  entrenched. 
When  such  ditches  are  extended  out  into 
square  or  rectangular  shape  and  cannons 
placed  behind  the  embankments  thrown  up, 
they  are  termed  forts.  All  such  work  is 
done  with  picks  and  shovels,  though  sol- 
diers have  dug  small  temporary  ditches  and 
breastworks  with  their  bayonets. 

RiAe  Pits. — Are  small  ditches,  long 
enough  to  protect  one  or  two  men.  and  are 
excavated  in  the  same  manner  as  other 
military  ditches. 

In  excavating  ditches  and  trenches,  espe- 
cially the  latter,  an  important  consideration 
is  the  placing  of  the  excavated  material 
on  the  side  of  the  trench.  The  earth 
should  be  kept  well  away  from  the  sides 
of  the  trench.  The  greatest  mistake  is 
made  as  the  work  is  started.  The  work- 
man is  allowed  to  throw  the  top  soil  within 
a  few  feet  of  the  side  of  the  trench,  thus 
as  the  trench  is  deepened  it  becomes  neces- 
sary to  throw  the  dirt  to  a  greater  height, 
and  also  a  greater  distance  horizontally, 
which  means  a  greatly  decreased  amount 
of  earth  handled  per  man  per  day.  It  is 
very  difficult  for  a  foreman  to  prevent  men 
from  handling  earth  in  this  manner,  but 
liis  time  will  be  well  spent  if  lie  succeeds 
in  changing  their  method  of  placing  the 
earth  on  the  side  of  the  trench  at  the 
start. 

To  illustrate  by  an  example.  A  trench 
•J  ft.  deep  and  3  ft.  wide  has  excavated 
from  it  15  cu.  ft.  per  lin.  ft.  of  trench. 
In  average  earth  this  material  will  swell, 
upon  being  loosened  and  shoveled,  20  per 
cent :  thus  this  material  will  make  a  pile 
on  the  side  of  the  trench  with  a  triangular 
section  9  ft.  wide  on  the  base  and  an  alti- 
tude of  4  ft.  If  this  pile  is  started  within 
a  few  feet  of  the  trench,  it  will  be  made 
1"eher  than  4  ft.,  and  as  the  pile  becomes 
high  and  the  trench  deeper,  earth  from  it 
will  sift  back  into  the  trench  so  that  an- 
otlier  workman  will  have  to  keep  the  edge 
of  the  trench  clear  by  throwing  dirt  over 
the  top  of  the  pile.  If  this  is  not  found 
absolutely  necessary,  then  the  man  in  the 
trench  will  have  to  throw  his  dirt  much 
higher  than  4  ft.  and  also  must  send  it 
over  the  top  of  the  pile  to  prevent  it  from 
falling  liack  into  the  trench.  A  man  does 
less  work  in  raising  earth  vertically  than 
horizontallv.  On  the  other  hand  if  the 
first  material  excavated  from  such  a  trench 
is  thrown  about  P  ft.  from  the  side  of 
the  trench,  then  the  pile  of  earth  from  this 
size  trench  should  never  be  higher  tlian  4 
ft.,  and  it  will  not  be  necessary  to  handle 
any  of  the  material  twice.  ."Vnother  im- 
portant item  in  placing  the  material  on  the 
side  of  the  trench  is  to  teach  the  workmen 
to  throw  their  dirt,  after  they  have  made 
a  small  pile,  so  that  it  lands  just  over  the 
top  of  the  pile  on  the  back  slope;  then  it 
runs  away  from  the  trench  instead  of  to- 
wards it.  This  also  leaves  a  small  space 
on  the  bank  between  the  pile  of  dirt  and 
the  side  of  the  trench. 

Two  advanta.ges  are  obtained  bv  this 
method.  A  small  space  is  left  free  of  earth 
to  allow  men  to  work  over  the  trench,  and 
the  wei.ght  of  the  pile  of  earth  is  not  so 
apt   to   cave  in   the   sides.     The  writer  has 
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Trciicius  of  a  greater  depth  than  10  ft. 
have  to  J)e  hancMed  in  two  lift*,  hence  the 
rule  is  not  nscil  for  deep  trencher.  This 
ruK-  Kivis  piKs  of  (hrt  I  ft  hiuh  fur  shal 
low  iriiu-hes,  and  (1  ft.  lii^h  for  deeper 
"fo-  Dirt  can  he  thrown  the  necessarv 
li  ru  ■  from  the  trencli  if  loMK-handleil 
-!  ■'I-  are  used,  and  as  previously  stated, 
such  shovels  should  alway.s  he  iised  in 
trenches  and  ditches. 

When  pipe  or  other  work  is  to  ho  done 
in  the  trench  the  excavated  material  should 
always  he  placed  on  one  side  of  the  trench 
only,  unless  tlu-  trench  is  very  wide,  as 
then  one  side  is  reserved  for  serving  ma- 
terials to  those  working  in  the  trench. 
However,  if  all  the  material  is  not  hack- 
filleil,  then  that  part  wlijch  is  to  he  hauled 
away  can  he  put  on  the  opposite  side  from 
the  stock  pile,  provided  it  is  hauled  awav 
promptly  enouRh  not  to  interfere  with  oth- 
er work.  If  the  trench  is  a  wide  one,  these 
same  principles  can  he  carried  out.  The 
dirt  should  always  he  kept  away  from  the 
trench,  for  every  time  even  a  few  grains 
of  sand  fall  into  the  trench  the  men  stop 
work  to  look  up  to  sec  what  is  the  matter. 
and  swear  at  the  man  who  may  have 
caused  the  .sanil  to  fall. 


The  production  of  pig  iron  for  the  vear 
I!M>S  has  l)een  compiled  by  the  U.  S.  (ieo- 
loffical  Survey  for  "Mineral  Resources  of 
the  I'nited  Slates.  I'W."  The  output  is 
given  as  I'l.O.'Ki.OIS  Iour  tons — a  decrease  of 
.'W  l!lTr  frr)ni  the  output  in  UH'T.  The  value 
of  thi->  pig  iron,  on  board  cars  at  the  fur- 
nace, is  given  as  S2>l.32l.uoii.  which  is 
■Vi.ul%  less  than  the  value  of  the  ]'■«>'  out- 
put. The  product  <lcrived  from  imported 
foreign  ores  has  been  considered  such  a 
small  percentage  of  the  total  that  it  could 
be  neylerted   in  this  compilation. 

Consul  .-Xhraham  E.  Smith,  of  Victoria, 
reports  that  final  .-.grcement  has  been  made 
between  the  provincial  govrrnmint  of  Flrit- 
ish  Columbia  and  the  Grand  Trunk  Pa- 
cific Ry.  Co.  in  regard  to  the  water  froni- 
agc  at  Prince  Rupert.  The  total  frontage 
of  the  town  site  upon  the  harbor  at  Prince 
Rupert  is  28.00<»  ft.,  or  alK«ut  •">  rt  miles. 
This  is  divided  in  ten  parts,  of  which  the 
Government  retains  five,  aliern.-itintr.  and 
having  an   aggregate   front,,.  -  ' 

the  ntnaining  live,  with  a  ' 
in.'iiMi    fi..    going    to    the    r.Ml.^.l^     .'■mi]..ui> 
'I  he   harbor   is      forme<l     by     a     protected 
curved   inlet    ll>   miles    lont'.    a    mil.     I.r,,..l 
and  2rt   fathoms  deep  on  an  a\ 
tioyom   has  good  hohling   for  :iv. 
there  is  30  feet  of  water  at  the  lowest  tide. 


During  the  year  lOOS  the 
trie  railroads  of  the  I'n 
chaseil     more    than     II^.ihi.' 


costing,    at     the    point 

$.Vi.iHMi.o«M».  an  av<r 
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The  Theory   of   Economic    Road  and 

Street  Design  and    Location. 

l.\ 

I'lt-imenl    Pt-fiufd.—A    pavement    it    a 

lloor-like    covering    '■'•■i n    the   soil   to 

f..riii     a    firm,    iin  .Midway      for 

wheeled    vehicles   ai 

This  ilefinilion  mciuiies  any  artificial 
highway  covering  built  ufKjn  an  earth  sub- 
grade,  from  the  cheapest  "gravel  road" 
to  the  most  expensive  granite  block  pave- 
ment. English  engineers  have  been  in  the 
habit  of  not  calling  m.ic.i.lain  a  pavement, 
but.  as  macadam  perforni>  every  function 
that  any  pavement  performs,  tliere  is  no 
logical  reason  for  excluding  it  from  the 
list  of  pavements. 

I'mutions  of  a  Pavfmciil. — Every  pave- 
ment has  three   functions  to  perform: 

(1)  Distributing  concentrated  wheel 
loads  over  tlic  earth  subgrade.  " 

(2)  Roofing  the  earth  subgrade  so  as 
to   prevent   its    saturation    with    water. 

(3>  Giving  a  hard.  cJean,  ?miooth  Chut 
not  slippery)  surface  that  reduces  rolling 
friction. 


ffuider  OiopArogm 


^  fercurif 


Fig.  1 — Gage  for  Measuring   Pressure 
Transmitted  Through   Sand. 

.\  sheet  of  tin  is  hard,  clean  and  smooth, 
yet  it  would  make  a  piHir  pavement,  not 
only  because  it  is  slippery,  but  espcxially 
iK'cause  it  would  not  perlonn  the  first  and 
most  important  fuiuo...  ..  i.-iribiiting  the 
wheel   li>ads  over   tb' 

In   its  action  of  di  ■  .   roiio  iitr.n. .! 

wheel  loafls,  a  pavement  is  like  a  sii. 
By   furnishing  a  large  enough  iH-arn  . 
u|K>n  the  snow,  a  N'orwegiaii  snowslux.  ili-,- 
tributes    the   weight    of   ;:    man    so    that    ibr 
ire    u|»on    the    snow    is    alniut    ".'i    "' 
in.      This   pressure    is    sufficient 
f  .1.. i.,.i.,t.    1 ..1.  .1.       1 


^llos. 
The  economic  imp^rtanrp  of  n  rlrjr  eon- 
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circular  block   I   in.  in  iliameter.    . 

of  the  mercury  column  then  indicated  the 

pressure. 

Changes    were    p 
ness  of  the  layer 
of  concentrated  I......       .•  :, 

ishment  of  the  experimenters,  it 
that    the    pressure    in.li.  ...J    ' 

varied  inversely  .^ 

ness  of  the  sand  l.t 

laver    reduced    the   pre-sure   to   one-eighth 

of    that    registered    through    a    I-in.    sand 

layer. 

.Authors  of  various  text-books  on  roads 
and  pavements  have  often  used  an  illusira- 
lion   like  that   in    Fig.   2.  to  illustrate   what 
they   have   conceivr  '    •      >      ■> 
ilistribution   of   a 
over  the  earth  bei- 
have  l>elieved  thai 
duced,  and  that,  c   • 
on    the   base   of   the  cone    varies 
as   the    f.jMdrc  of   its  altitude       T 
'"Vc  referred  r 
'  ■■ .  so   far  as  .1 

-"•;  :'".'■'  "  '  •>;d: 
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of  results.  First,  there  is  no  way  of  know- 
ing wliere  the  rolHng  has  produced  suffi- 
cient consohdation  of  the  earth  subgrade. 
Second,  there  is  no  way  of  knowing  wheth- 
er there  are  any  "soft  spots"  that  have  been 
bridged  over  by  the  roller.  In  brief,  you 
can  not  inspect  a  subgrade  that  has  been 
rolled  with  an  ordinary  roller,  and  uner- 
ringly determine  whether  it  is  uniformly 
and  sufficiently  dense.  But  this  is  not  all. 
Natural  soil  often  varies  materially  in  its 
density  at  points  only  a  few  inches  apart. 
Hence,  no  matter  how  carefully  the  rolling 
may  be  done,  the  consolidation  under  the 
broad  tire  of  a  roller  is  not  uniform.  It 
was  this  fact  that  led  to  the  invention  of 
grooved  rollers,  which  was  a  step  in  the 
right  direction,  but  which  fell  considerably 
short  of  giving  satisfaction.  Even  with  a 
grooved  roller,  there  is  a  great  deal  of 
"bridging"   over   soft   spots. 

Finally,  both  smooth  rollers  and  grooved 
rollers  produce  a  consolidation  of  the  earth 
that  is  quite  satisfactory  only  in  a  very 
thin  layer  at  the  surface,  and  is  less  and 
less  satisfactory  every  increased  fraction 
of  an  inch  below  the  surface.  Figure  3 
illustrates  the  effect  of  rolling  by  pressure 
applied  at  the  surface  of  the  subgrade. 
Now  that  we  know  that  the  pressure  be- 
neath  a  roller  varies  inverselv  as  the  cube 
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Fig.    2. 

of  the  dtpth  of  earth  below  the  face  of 
the  roller,  we  can  understand  why  it  is 
that  proper  consolidation  of  an  earth  sub- 
grade  extends  such  an  insignificant  dis- 
tance down. 

A  few  years  ago,  ]Mr.  John  Fitzgerald 
invented  not  only  a  new  type  of  roller,  but 
a  new  way  of  consolidating  earth  sub- 
grades.  His  roller,  which  has  been  exten- 
sively used  in  California  for  building  oiled 
roads  and  is  manufactured  by  the  Petro- 
lithic  Pavement  Co.  of  Los  Angeles,  is 
provided  with  numerous  projecting  tamp- 
ers that  sink  up  to  the  "hilt"  in  plowed 
ground.  In  compacting  a  subgrade  with 
this  rolling  tamper,  the  first  step  is  to 
break  up  the  earth  completely  with  a  plow. 
The  next  step  is  to  harrow  it  with  a  spiked 
tooth  harrow,  thus  pulverizing  all  clods  and 
also  mixing  the  soil.  The  comminuted 
earth  is  then  sprinkled  lightly  with  water, 
and  the  rolling  tamper  begins  its  work.  A 
5,00o-lb.  rolling  tamper  is  drawn  by  four 
horses  back  and  forth  over  the  subgrade. 
The  tampers  sink  out  of  sight  in  the  earth 
and  begin  their  tamping  action  at  a  depth 
of  6  or  8  ins.  below  the  earth  surface. 
Gradually,  as  the  earth  becomes  consoli- 
dated at  the  bottom,  the  tampers  begin  to 
ride  higher  and  higher,  until  finally  they 
ride  upon  the  top  of  the  thoroughly  com- 
pacted subgrade.  This  riding  of  the  tamp- 
ers on  the  hard  surface  is  the  test  of  suffi- 
cient consolidation.  The  rolling  tamper, 
therefore,  gives  its  own  test  of  effective- 
ness, and  at  the  same  time  produces  a  thick 
layer  of  densely  compacted  earth,  uniform 
in  density  both  laterally  and  vertically. 
Figure  4  illustrates  the  iniiform  effect  ver- 
tically, as  contrasted  with  ordinary  rolling 
effects  shown  in  Fig.  3. 

A  loamy  earth  weighing  00  lbs.  per  cu. 
ft.  in  place  can  thus  be  uniformly  compact- 
ed  r.ntil   it   weighs   120   lbs.   nr   more.      Tn 


ascertain  the  weight  of  "earth  in  place." 
dig  a  hole  in  it  before  it  has  been  plowed, 
measure  the  hole  carefully  and  weigh  the 
earth  excavated  from  it.  In  like  manner 
ascertain  the  weight  of  the  earth  after 
tamping. 

Mixing  Soils  Before  Tamping. — Sand 
that  contains  no  loam  can  not  be  consoli- 
dated satisfactorily  by  rollers  or  tampers 
of  any  kind.  When  such  sand  is  encoun- 
tered it  will  usually  pay  to  haul  in  loam 
or  clay  sufficient  to  fill  the  voids  in  the 
sand  to  a  depth  of  4  to  6  ins.  To  fill  the 
voids,  in  a  6-in.  layer  of  sand  will  require 
a  layer  of  loam  or  clay  2  to  2%  ins.  thick. 
If  the  clay  is  lumpy  it  will  have  to  be  wet 
until  it  becomes  a  puddle,  and  then  har- 
rowed or  otherwise  mixed  with  the  sand. 
An  efifective  method  of  mixing  is  to  use  a 
road  machine.  The  blade  of  the  machine 
is  set  at  an  angle  that  will  throw  the  (1  or 
8-in.  layer  of  sand  and  clay  off  to  one  side 
of  the  road,  in  a  sort  of  windrow.  Then, 
on  the  return  trip  of  the  machine,  this 
windrow  is  thrown  back  into  the  road.  A 
few  trips  back  and  forth  are  very  effective 
in  mixing  the  materials.  After  the  mixing 
lias  been  completed,  the  mass  is  tamped  as 
above  described. 

Gravel  that  contains  insufficient  loam  for 
a  binder  should  be  treated  in  the  manner 
just  described   for  sand. 

Mixing  Soils  with  Tar  or  Oil. — There 
are  many  soils  whose  bearing  power  can 
be  most  cheaply  increased  by  mixture  with 
a  bituminous  binder,  2  to  3  gals,  per  sq.  yd., 
and  compacting  with  a  rolling  tamper.  In- 
deed, many  soils  treated  in  this  manner 
need  no  further  treatment  to  produce  a 
pavement  that  is  satisfactory.  But  we  are 
speaking  now  more  particularly  of  the 
preparation  of  a  suitable  subgrade.  As- 
phaltic  oils  and  tars  are  evidently  destined 
to  play  a  very  important  part  in  enablin.g 
engineers  to  solidify'  natural  soils  to  such 
a  degree  that  they  will  effect  a  remarkable 
distribution  of  concentrated  wheel  loads 
over  the  soft  subsoil  beneath.  Such  bitu- 
mens have  the  added  advantage  of  filling 
the  voids  of  the  soil  with  a  waterproof 
material. 

The  Economy  of  Subgrade  Consolida- 
tion.— If  a  given  soil  in  its  natural  condi- 
tion will  safely  sustain  a  pressure  of  15 
lbs.  per  sq.  in.,  it  may  require  a  pavement 
0  ins.  thick  to  distribute  a  wheel  load  of 
2,000  lbs.  over  a  sufficient  area  to  produce 
no  pressure  greater  than  the  limiting  15 
lbs.  per  sq.  in.  But,  by  consolidating  this 
subsoil,  as  above  indicated,  the  compacted 
Dortion  really  becomes  a  sort  of  pavement 
itself.  Indeed,  it  does  then  perform  the 
first  function  of  a  navement — the  distribu- 
tion of  wheelloads  over  the  subsoil.  It  is 
clearly  cheaper  to  accomplisli  tlie  main  ob- 
ject of  wheelload  distribution  by  scientific 
consolidation  of  the  subgrade  than  by  giv- 
ing added  thickness  to  the  pavement. 

With  team  and  driver  at  50  ats.  per 
hour,  a  subgrade  can  be  plowed,  harrowed, 
sprinkled  and  tamped  for  less  than  4  ctS- 
per  sq.  yd.,  and  this  provides  a  liberal 
allowance  for  hard  plowing  and  clod-break- 
ing :  the  tamping  alone  costs  only  1%  cts. 
per  sq.  yd.  as  a  maximum,  so  that  there 
are  many  soils  where  plowing,  sprinkling 
and  tamping  cost  less  than  2  cts.  per  sq.  yd. 

When  one  remembers  that  a  square  yard 
of  macadam  0  ins.  thick  rarely  costs  less 
than  GO  cts..  the  great  economy  of  prop- 
erly consolidating  the  subgrade  for  mac- 
adam is  apparent,  for  a  2-in.  reduction  of 
thickness  of  macadam  causes  a  saving  of 
20  cts.  per  sq.  yd. 

A  6-in.  base  of  concrete  seldom  costs 
less  than  TO  cts.  per  sq.  yd.,  so  that  a 
saving  of  only  2  ins.  in  its  thickness  means 
a  reduction  of  23  cts.  per  sq.  yd. 


The  writer  is  satisfied  that,  so  far  as 
thickness  needed  for  wheel  load  distribu- 
tion is  concerned.  3  ins.  of  macadam  or 
concrete  on  a  properly  prepared  and 
tamped  earth  subgrade  is  sufficient  in  most 
cases. 

Designing  an  Economic  Base. — A  pave- 
ment is  often  composed  of  two  layers — (1) 
a  base,  and  (2)  a  wearing  coat.  The  func- 
tion of  the  base  is  solely  to  distribute  wheel 
loads,  for  the  wearing  coat  should  perform 
the  other  two  functions  of  the  pavement — 
rain-shedding  and  reduction  of  rolling  fric- 
tion. 

We  have  seen  how  the  proper  treatment 
of  the  subgrade  will  relieve  the  pavement 
base  of  much  of  its  duty,  and,  therefore, 
reduce  the  necessary  thickness  of  the  base. 

In  designing  a  pavement  it  is  always  well 
to  have  distinctly  in  mind  this  one  func- 
tion of  the  base — the  distribution  of  wheel 
loads — for,  by  so  doing,  the  designer  will 
avoid  the  use  of  expensive  materials  for 
the  base.  Thus,  in  macadam  road  design, 
it  is  frequently  most  economic  to  use  local 
rock,  even  shale,  for  the  base,  and  an  im- 
ported trap  for  the  wearing  coat.  Yet  it 
is  not  uncommon  to  find  statements  in  text- 
books on  roads  to  the  efifect  that  all  shales 
;ind  most  sandstones  are  utterly  unfit  for 
n^acadam    road    construction.      It    is    often 
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Fig.    3. 


Fig.    4. 


true  that  they  are  unfit  for  a  wearing  coat, 
but  evidently  the  authors  of  such  books 
have  not  thought  of  macadam  as  a  pave- 
ment divisible  into  base  and  wearing  coat. 

In  New  York  State,  a  2-in.  wearing 
coat  of  trap  rock  is  often  placed  upon  a 
!-in.  base  of  local  stone,  in  building  mac- 
adam roads.  Nor  need  an  engineer  fear 
that  the  2-in.  wearing  coat  will  "scale  off," 
even  though  it  be  laid  on  an  old.  hard,  un- 
scarified  macadam  of  local  stone. 

In  designing  a  base,  aim  to  use  the 
cheapest  material  available,  regardless  of 
its  resistance  to  abrasion.  In  some  cases 
this  is  a  gravel,  in  others  it  is  shale,  in 
still  others  it  is  a  good  quality  of  broken 
stone.  In  none  should  it  be  a  material 
selected  because  of  its  wearing  qualities, 
or  its  dustless  qualities,  for  it  is  the  func- 
tion of  the  wearing  coat  to  supply  those 
qualities. 

(To    be    continued.) 


The  Pennsylvania  state  highway,  extend- 
ing cast  to  west  across  the  state,  is  not  to 
be  built.  The  bill  providing  for  its  con- 
struction which  was  passed  by  the  legis- 
lature was  vetoed  by  Gov.  Stuart.  Work 
on  highway  improvement  will  be  carried  on 
by  an  appropriation  of  $2,000,000  to  he 
available  during  the  next  two  years,  which 
is  about  the  same  amount  that  the  state 
has  expended  on  the  work  during  the  past 
six  years.  A  bill  was  also  passed  extend- 
ing the  aid  of  the  state  in  a  certain  amount 
of  road  improvement  work  carried  on  by 
townships. 


Tlie  Prussian  Government  is  to  issue  3 
loan,  the  proceeds  of  which  are  to  be  used 
for  the  construction  and  equipment  of 
new  branch  line  railroads.  The  total 
amount  to  be  expended  under  this  loan 
bill  is  $65,733,000. 
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Some  Experiments  on  the  Resistance  «l>ere(ofc.  a    ; 
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be  elevated  and  carried  over  the  tracks  by 
bridges.  It  was  clainu-d  by  the  city,  on 
the  other  hand,  that  k''''>''>^'  separation  could 
be  accomplished  best  by  elevating  the 
tracks  and  leaving  the  streets  at  the  pres- 
ent level,  the  argument  being  that  the 
sra'les  nn  liritlce  approaches  for  vehicular 
traffic.  sugge?tcd  by  the  railway  compa- 
nies, would  e.xceed  the  grades  which  would 
be  otherwise   obtained.    The  city  therefore 


The   pavements    included    in    the   experi- 
ments are  a.s  follows:    • -•■'•   i-    1... ■.,,...•... 
brick,  cedar  block,  gran: 
id  wood  block.    It  scemi.  :  . 
aratc  the   results  obtained  under   the  con- 
ditions of  wet  and  dry  weather. 

All  the  experiments  were  made  in  the 
month  of  May,  V.XiS,  under  various  condi- 
tions of  summer  weather,  and  several  dif- 
ferent  classes   of   pavements  were   investi- 
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particular  curve  must  be  regarded  more 
as  an  illustration  than  as  a  definite  re- 
sult. No  observations  were  made  for  Ijrick 
pavement  during  wet  weather. 

All  the  experiments  were  made  with  a 
good  steady  team  of  horses,  weighing 
2,940  llis.,  drawing  a  lorry  weighing^  'J,?!!! 
lbs.  The  weight  of  the  load  was  8,.")i0  lbs. 
A  standard  Fairbanks  dynamometer  was 
used  to  indicate  the  pull  exerted  by  the 
horses  in  drawing  the  loaded  vehicle.  The 
method  of  carrying  out  the  experiments 
was  as  follow^s:  The  first  observer  paced 
oflf  the  distance  alongside  the  load  as  it 
was  being  drawn  along  the  pavement  un- 
der the  test.  The  second  observer  was  sta- 
tioned at  the  front  of  the  lorry,  in  such 
a  position  that  he  could  watch  the  read- 
ings shown  by  the  dial  of  the  dynamom- 
eter. At  each  ten  paces  the  first  observer 
called  out  the  tally,  and  the  second  ob- 
server gave  the  first  observer  the  average 
reading  of  the  dial  during  the  ten  paces. 
This  was  noted  by  the  first  observer  in  his 
note   book,  while  continuing  his  pacing. 

The  lorry  was  of  the  ordinary  type,  and 
the  dynamometer  was  arranged  between 
the  double-tree  of  the  lorry  and  the  rear 
end  of  the  tongue  in  such  a  way  that  all 
the  load  was  carried  through  to  the  dyna- 
mometer, the  tongue  serving  merely  as  a 
guide  for  the  vehicle. 

The  w'ork  was  supervised  by  the  writer 
under  instructions  from  i\Ir.  C.  H.  Rust, 
Citv  Engineer.  Toronto,  Ont. 


Notes  on  the  Tonnage-Life  and  Wear 

of  Stones  in  Road  Surfaces. 

In  Liverpool,  England,  it  has  been  cus- 
tomary to  take  occasional  records  of  the 
numbers  and  classes  of  vehicles  passing 
along  the  principal  traffic  streets,  and  to 
reduce  these  records  to  a  standard  of  tons 
of  traffic  per  yard  width  of  carriageway 
per  annum. 

At  the  recent  Road  Conference  held  at 
the  institution  of  civil  engineers  in  London, 
Mr.  John  .\.  Brodie,  city  engineer,  of  Liv- 
erpool, read  a  paper  calling  attention  to 
some  remarkable  differences  in  wear  of 
the  same  stone  when  used  in  varying 
forms  of  road  surface  construction  as 
shown  by  records  of  traffic  tonnage  pass- 
ing over  them. 

The  result  of  tests  made  in  Liverpool, 
according  to  Mr.  Brodie's  paper,  has  been 
to  show  that  there  is  practically  only  one 
type  of  material  economically  possible  for 
all  classes  of  stone  road  surface  in  that 
district.  The  same  stone  is  used  in  the 
form  of  setts,  accurately  dressed  to  sizes, 
along  the  line  of  docks,  and  also  in  the 
form  of  macadam  for  streets  of  compara- 
tively little  traffic,  and  some  interesting  les- 
sons may  be  learned  from  its  behavior 
and  life  under  different  conditions. 

Taking  heavy-traffic  streets  first,  Mr. 
Brodie  states  that  experience  shows  that 
accurately  dressed  setts,  G  in.  deep  by  0  in. 
to  8  in.  long  by  4  in.  wide,  laid  on  a  sound 
concrete  foundation  at  least  8  in.  deep, 
with  a  small  sand  bed  betw'cen  the  under- 
side of  the  sett  and  the  concrete,  the  joints 
i5cing  thoroughly  racked  with  hard  shingle 
and  afterwards  grouted  with  a  permanent 
pitch  mixture,  which  prevents  any  move- 
ment in  the  'stones,  and  renders  the  whole 
surface  nerfectlv  impervious  to  weather, 
give  a  life  equal  to  at  least  7..")00,(i00  tons 
per  yard  width,  and  under  these  conditions 
this  life  has  often  been  exceeded.  It  is  at 
present  impossible  to  say  whether  an  equal 
tonnage-life  can  be  obtained  from  the  simi- 
lar but  shallower  4-in.  class  of  construction 
in  streets  taking,  say.  (iO.OOO  tons  per  yard 
of  width,  as  this  would  mean  a  life  exceed- 
ing 100  years;  but  experience  shows,  states 


Mr.  Brodie,  that  the  total  average  wear  of 
the  setts  has  been  exceedingly  small,  aiid 
it  is  a  fact  that  many  such  streets  exist  in 
Liverpool  today  having  a  life  of  from 
25  to  30  years  without  requiring  any  im- 
portant repairs  during  that  time  due  to 
wear  of  the  material. 

Mr.  Brodie  further  states  that  when  the 
same  quality  of  stone  is  used  in  ordinary 
macadam  laid  6  in.  to  T  in.  deep  on  a 
sound,  hand-pitched  foundation,  experience 
shows  that  the  tonnage-life  of  the  surface 
before  requiring  to  be  recoated  is  enor- 
mously decreased,  and  instead  of  T,oOO,<100, 
a  figure  about  100,000  tons  only,  or  about 
75  times  less  than  the  result  for  setts  pre- 
viously given,  has  been  obtained  on  a  street 
of  moderate  traffic — a  somewhat  startling 
difference.  Of  course,  the  two  figures  may 
be  said  to  be  hardly  comparable,  but  they 
are  so  far  all  practical  purposes,  and  the 
broad  fact  remains  that  the  surface  of  the 
macadam  has — on  the  average — worn  or 
been  impounded  down  from  1  in.  to  1% 
in.,  while  the  surface  of  the  sett  has  not 
been  worn  more  than  from  Vz  in.  to  %  in. 
on  the  average. 

It  would  not  be  safe  to  assume,  states 
Mr.  Brodie,  that  the  traffic  tonnage-life 
here  given  for  macadam  is  the  average  life 
obtainable  from  this  material  in  a  macadam 
road,  but  it  is  a  genuine  average  life  of  a 
series  of  complete  coatings  of  1%-in.  ma- 
terial on  a  practically  level  macadam  street 
laid  to  a  depth  of  about  6  in.  on  an  excel- 
lent hand-pitched  foundation,  carrying  a 
considerable  volume  of  narrow-  rubber-tired 
vehicles,  motor-cars  and  general  light  traf- 
fic, in  which  it  has  been  customary  to  keep 
the  surface  in  good  order  by  completely  re- 
coating  the  whole  width  of  the  street  as 
soon  as  the  surface  becomes  generally 
unfit  for  comfortable  use  by  bicyclists. 

.A.nother  interesting  result  has  also  been 
brought  more  clearly  to  light  by  these  rec- 
ords of  traffic  tonnage.  A  portion  of  a 
macadam  road  surface  has  been  removed  to 
a  depth  of  4%  in.  and  replaced  by  an  equal 
depth  of  ordinary  macadam  stone,  laid  in 
two  layers  spread  in  the  ordinary  way,  and, 
after  dry  rolling,  the  ihterstices  have  been 
completely  groitted  or  poured  up  with  a 
I  ermanent  pitch  ;ind  sand  mixture,  so  that 
each  stone  is  embedded  in  or  surrounded 
bv  tlie  mixture,  the  whole  being  again  rolled 
while  still  hot  with  a  10-ton  roller  until 
consolidated  and  rendered  thoroughly  im- 
pervious. The  results  up  to  date  show  that 
when  properly  dealt  with  on  these  lines  the 
life  of  the  surface  can  lie  extended  from 
100.000  traffic  tons  to  at  least  75o,000  traffic 
tons  per  yard  of  width,  or  7%  times  the 
average  life  of  the  ordinary  macadam  un- 
der the  same  traffic  conditions,  though  still, 
it  will  be  observed,  only  one-lenth  of  the 
tonnage-life  of  the  sett  pavement  street 
first  referred  to.  This  improved  result, 
while  also  remarkable,  might  almost  be 
expected  when  it  is  borne  in  mind  that  cm- 
bedded  in  such  an  elastic  mixture  the  ir- 
regularly-shaped macadam  stones  are  firm- 
ly held  up  to  their  work  very  much  after 
the  condition  of  stone  setts,  and  not  being 
allowed  any  appreciable  movement,  they 
are  so  prevented  from  wear  by  the  rub- 
bing and  grinding  action  so  harmful  in 
ordinary  macadam. 

That  this  is  the  case  is  clearly  shown  by 
the  section  of  a  piece  of  this  surface,  the 
traffic  on  which  has  already  exceeded  5(iO,- 
110(1  tons  per  yard  width,  the  stones  in  which 
have  been  washed  clean  by  a  spray  of  pe- 
trol. While  the  edges  of  the  stones  near 
the  surface  are  somewhat  rounded,  the 
edges  of  all  stones  below  the  surface  are 
as  sharp  as  w'hen  originally  laid,  and  this 
could  not  possibly  be  the  case  where  there 
is  anv  considerable  amount  of  movement 
among  the  stones  due  to  traffic. 


To  obtain  the  best  result  with  small 
stones.  Mr.  Brodie  decided  that  it  would 
be  necessary  to  present  a  surface  of  each 
individual  stone  sufficiently  strong  in  itself 
to  take  the  weight  of  individual  wheels 
without  crushing,  and  at  the  same  time 
held  firmly,  so  that  the  abrading  action 
common  in  macadam  should,  if  possilde,  be 
avoided.  Llis  first  step  in  this  direction  was 
the  formation  of  concrete  macadam  blocks, 
in  which  the  wearing  surface  consisted  of 
selected  macadam  placed  by  hand  on  a  true 
surface  in  a  mould — wearing  surface  down- 
wards— strong  Portland  concrete  material 
being  subsequently  filled  in  and  around  the 
stone  to  a  uniform  total  depth  of  about 
Wz  in.,  and  undoubtedly,  when  properly 
matured  before  laying,  these  blocks  give 
excellent  results  as  regards  wear  and  quiet- 
ness. 

A  sample  block  has  been  laid  for  five 
years  in  a  street  having  a  traffic  tonnage  of 
25,000  tons  per  yard  width  per  annum,  and 
it  will  be  seen  that  though  it  has  already 
exceeded  the  ordinary  tonnage-life  of  a 
macadam  surface  there  is  no  apparent  wear 
on  the  stones,  and  it  appears  likely  that  a 
very  long  life  can  also  be  obtained  from 
ordinary  macadam  stone  under  these  con- 
ditions. The^-  make  an  admirable  and 
washable  street  surface  for  use  in  pocr 
neighborhoods,  where  cleanliness  and  im- 
permeability are  of  first  importance. 

In  another  experimental  piece  Mr.  Brodie 
adopted  a  cube  of  a  size,  roughly,  2W,  in. 
by  2%  in.  by  2%  in.,  and  finds  that  he  can 
get  such  a  material  broken  sufficiently  ac- 
curately for  paving  by  hand  at  a  cost  not 
much  exceeding  ordinary  macadam.  It 
will  be  noticed  that  as  this  depth,  together 
with  about  1  in.  of  stone  bedding,  is  only 
about  one-half  the  depth  of  the  6-in.  sett 
used  on  the  rock  road,  the  same  wei.ght 
of  material  will  cover  a  surface  about  twice 
as  great,  while  as  its  cost  per  ton  is  about 
one-third  there  is  an  ample  margin  to  pro- 
vide for  the  extra  cost  of  labor  in  paving 
the  smaller  pieces. 

This  surface  has  been  paved  on  a  depth 
of  small  broken  stone  of  the  same  material, 
and  the  joints  have  been  racked  with  small 
hard  shingle,  and  both  the  joints  and  the 
layer  of  liroken  stone  on  which  the  surface 
stones  have  been  embedded  have  been 
grouted  and  rendered  impervious  Avith  the 
pitch  mixture  used  in  Liverpool. 

The  whole  surface  has  been  laid  on  a  6- 
in.  concrete  foundation,  so  that  there  mav 
be  no  settlement ;  and  as  experience  has 
alreadv  shown  that  there  is  no  possibility 
of  side  movement  even  with  sharp  or  tri- 
angular stones  embedded  in  the  pitch  mix- 
ture, it  would  appear  that  the  conditions 
of  the  full-sized  sett  paving  have  been 
arrived  at  as  nearly  as  possible  in  the 
cheaper  coating. 


In  a  paper  read  recently  befdrc  the  So- 
ciety of  Engineers,  Dr.  J.  S.  Owens.  .\.  M. 
Inst.  C.  E.,  described  the  origin  and  appli- 
cation of  a  new  test  for  determining  the 
end  of  the  mi.xing  process  in  preparing  con- 
crete. The  methods  which  have  been  tried 
in  the  past  to  achieve  this  result  were  de- 
scribed, three  such  being  referred  to:  (1) 
Inspection:  (2)  making  briquets,  breaking 
when  set,  and  examining  fracture  for  even 
strength;  and  (^i)  mixing  pigment  with 
the  concrete,  making  briquets,  breaking 
when  set,  anr  examining  fracture  for  even 
distribution  of  pigment.  The  author  criti- 
cized these  methods,  and  showed  their  lack 
of  value  for  the  purpose.  He  stated  that 
it  had  been  ascertained  e.xperimentally  that 
inspection  alone  could  not  detect  the  differ- 
ence between  concrete  having  one  part  of 
cement  to  two  of  ballast,  and  that  having 
one  to  three.  The  following  definition  of 
properly   mixed   concrete   was   then   given : 
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contnin  the  same  relalivc  proportions  of 
jlonc,  >ancl  ami  cement,  we  have  a  means 
of  IcUinn  ivhethcr  the  concrete  is  properly 
inixert  or  not."  The  author's  method  of 
comparing  ihe  samples  is  simply  to  place 
each  in  a  tall  glass  cylinder  nearly  tilled 
with  water,  shake  them  up.  and  allow  them 
to  settle.  The  rate  of  settlement  of  the 
cement  in  water  wa~  shown  to  lie  alxnit 
thirty  times  as  slow  as  that  of  the  saml. 
which,  ill  ti;rn,  was  slower  than  that  of  the 
larger  p.irticles  of  stone;  this  caused  the 
stone,  sand  and  cement  to  settle  on  the  Ixil- 
lom  in  di>tinct  layers.  It  was  shown  that 
the  iKiith  of  these  layers  was  proportional 
lo  the  amount  of  the  material  pretent  in 
the  sample,  and  that  in  thi>  way  it  was  pos- 
sihle  to  lell  whether  each  sample  had  the 
same  amount  ol  cement,  sand  and  stone. 
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Methods  of  Designing  Skew  Connec- 
tions in  Complicated  Steel 
Structures* 
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in  picture  language. 

The    purpose    of    this    paper    will    be    to 
present,  if  possible,  in  an  easy,  progressive 
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iii.irtner,    the    way    to   go    alHiut    snch    skew 
ili'iailing    and     actual     connections      which 
li.ne  lieell  U-^efl  in   ^tniiliircs  nlri-udy  erect 
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(d).   .\  vertical  section  through  the  l.'i'in. 
I  i»  10  be  plotted.    Lay  out  the  flange  of 
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15-in.  I  hip  about  line  BC  in  the  plan.  Pro- 
ject top  flange  to  normal  section,  keeping 
edge  E  of  flange  within  roof  line  JC•'B^ 
The  rise  A'  to  a  flange  point  on  center  line 
of  web  can  be  determined  in  hip  section 
and  plotted  from  edge  E.  Transfer  the 
vertical  distance  V  (which  is  the  height  to 
flange  vertically  below  apex)  to  hip  sec- 
tion. Lay  out  15-in.  I  from  this  top  flange 
point.  Transfer  to  normal  section  the  ver- 
tical height  of  bottom  of  flange,  Z,  so  that 
15-in.  I  section  may  be  completed. 

(e).  Plot  12-in,  I  which  frames  into  the 
15-in.  I  hip  beam.  Lay  out  12-in.  I  flange 
in  plan,  about  line  BD.  In  normal  section 
lay  out  12-in.  I  having  top  flange  flush  with 
clearance  line  D'5l    Plot  connection  rivets, 


narrow.  This  step,  and  the  hip  end,  have  a 
somewhat  steeper  pitch  than  the  rest.  The 
plan  locates  all  the  beams  in  a  horizontal 
direction,  showing  exactly  the  intersection 
of  every  beam,  whether  hip,  valley,   ridge, 
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adjusting  the  elevations  of  same  so  that 
cuts  on  both  beam  and  connection  plate 
will  be  as  neat  and  few  as  possible. 

A   STEEL  FR.\MED  ROOF — BE.\M    WEBS    VERTICAL. 

The  object  of  the  next  four  plates  will 
be  to  present  a  complete  set  of  drawings 
which  will  illustrate  the  oflice  practice  in 
working  out  a  steel  framed  roof,  when  the 
beam  webs  are  vertical.  Although  there 
are  no  complicated  trusses  or  girders,  as  is 
usual  in  a  large  roof,  nor  are  the  beams  of 
large  dimensions,  yet  this  case  will  do  very 
well  in  the  problem  at  hand. 

Figure  8  is  a  complete  erection  drawing 
of  a  beam  roof  having  a  general  slope  of 
7  ins.  to  12  ins.  The  ridge  is  not  horizontal 
throughout  but  steps  down  where  the  walls 
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Fig.    5. 

or  eave.  The  elevation,  and  sections  locate 
all  the  vertical  distances ;  such  as  the 
height  of  ridge  beam  below  apex,  the  col- 
umn heights,  etc. 
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In  working  up  a  roof  of  this  sort,  a 
careful  plan  like  this  needs  to  be  made. 
First  locate  the  finished  roof  lines ;  then 
by  finding  out  what  material  it  is  to  be 
covered,    the    clearances    necessary    can   be 


determined.  Dimensions  locating  every  de- 
tail can  only  be  found  as  sketches  of  the 
joints  are  worked  up,  but  all  the  impor- 
tant ones  must  be  decided  upon  at  the 
start.  Then,  after  all  the  shop  drawings 
are  completed,  this  section  drawing  can 
have  its  final  marks,  dimensions,  etc.,  put 
on.  It  may  be  noted  that  the  dimensions 
marked  A  in  plan  are  not  usually  given 
in  this  kind  of  work,  as  the  anchor  bolts 
are  set  after  the  material  is  in  place. 

It  is  hardly  probable  that  such  a  roof  as 
this  would  be  called  for,  in  ordinary  work, 
on  account  of  the  cost.  In  a  roof  witli  the 
span  of  beam  much  larger,  and  the  amount 
of  material  greater,  there  would  be  a  bet- 
ter proportion  of  weight  to  work,  bringing 
down  the  cost.     This  particular  roof  was  a 
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Fig.    7. 

wing  to  a  very  large  structure  and  received 
attention  on  that  account.  The  actual  cost 
of  drawing  alone  was  found  to  be  2V4  cts. 
per  lb.,  and,  if  you  add  a  proportionate 
amount  for  shop  handling  and  the  cost  of 
raw  material,  this  roof  would  require  a 
very  high  price  put  upon  it.  or  be  out  of 
the  question. 

Perhaps  no  one  point  can  cost  more  to  a 
drafting  department  than  a  change  of  only 
a  single  main  dimension,  after  the  sketches 
and  drawings  are  completed ;  because  it  not 
only  means  the  remaking  of  the  joint 
sketches  (to  look  out  for  clearances, 
change  in  connections,  etc.),  but  also  the 
probable  uselessness  of  the  shop  drawings 
upon  which  weeks  of  expert  labor  have 
been  spent.  If  the  material  has  been  manu- 
factured it   is   verv  difficult   to   make   it    fit 
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cUrwhcrc.  Architccti  and  stcuctural  cnsi- 
ncrr4,  as  a  rule.  <li>  not  realize  the  impor- 
lancr  of  first  iiica>urenicnl4  '>ii  a  job  of 
thi>  kinJ,  for.  of  course,  in  the  old  style 
wooden    structure    the    carpenter    only    had 
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to   saw   a  piece  off  or  nail  a  strip  on,  to 
make  a  good  fit. 

Figure    0     shows     how  the     joints     arc 
worked  up  «>n   paper  in   the   ilrawiuR   ■  f^ 
as    a    preliminary    move    towards    tlii 
ished  shop  drawings.    The  ordinary  dr..n- 
man  who  is   accustomed  to  work   in  a   la- 
borious  manner,  one  joint  at   a   time,   may 
find   the    sketch    somewhat   confusing:   but, 
with   just    a    little    looking    into,    it    will   be 
found  to  become  verv  simple  and  certainly 
a  great   saving  in  time  and  office   material. 
When   single   joints  arc   sketched,  the  lay- 
ing out  of  the  angles  has  to  he  done  each 
time,  while  by  combining  ih^  ■ 
does  the  whole  sketch.    .\n 

to   notice    is   that    the    hip   » .;■...-    ...v 

worked    up   in    order,    thus    facilitating    th. 
making  of  shop  drawings. 

\\.  A  the  connection  of  hio  to  ridge  is 
shown  in  its  various  views:  at  B  a  rafter 
connriiing  to  hip  similar  to  the  one  ex- 
plained fully  in  Figs.  G  and  T.  and  at  C  the 

hip  shoe.     The   valley  /i.'/?  ^     the  ridge 

y  24 

beams  A.'R"  "  '♦  and  rafters  KR^  ,  KR  ^ 

arc  al-o  shown. 

The  skeiclies  show,  throughout,  a  clear- 
ance of  beam  below  roof  line 

Figure    !'•    shows    a    rather    complicated 

connection      to      the     hip      beam      markc<l 

14 
KR-n    in    erection    plan    (Fig    8)       The 

•econdary   slope    which    the   eavc   takes   at 

?3 


(d).  To  find  the  level  -Y  of  the  connect- 
ing an^le  in  relation  to  the  4-in.  I  rafter — 
Plot  m  plan  any  horizontal  distance 
'''X  '    on   center   line   of   4-in.   I   and   fin-l 


(e).    To  find  the  bevel  A 


square  across 

' MA 

cal 


C+- 


^^^.     1 


.e'^ 


f  /  y{ 
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/..■/ 
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this    end,    causes    the    4-in     I    KR 


K 


frame  into  the  hip  at  su.li  a  low  level  that 
the  only  means  of  cnin.-tion  will  be  |o 
the  bottom  Hange. 

fa).  Starting  with  the  plan,  plot  AB, 
which  is  the  center  line  of  the  hip  web, 
and   CD  the   center  line   01    I  in    I   rafter 

Wtl. 
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Xow  AH  is  the  vertical  rise,  but  what  is 
wanted  is  a  rise  square  witli  angle.  So 
plot  .-IH  and  a  line  square  with  angle  and 
we  find  the  required  distance  .4.  It  re- 
mains to  transfer   1'2"A   and   A   to   section. 


which  is  one  side  of  bevel,  and  all  that 
reinains  to  be  done  is  to  transfer  the  as- 
sumed distance  12B  to  plan  of  flange  and 
bevel   is  obtained. 

(g).    The  skew  of  the  boles  in  the  con- 


/T/^^'rConi^r 


Fig.    11. 


which    is    taken    through    angle,    and    bevel 
is  obtained. 

(f).  To  find  the  skew  of  holes  in  bot- 
tom flange  of  5-in.  I  hip:  In  plan  draw  a 
line  B'B"  at  a  distance  12B  from,  and  par- 


nection  angle  which  matches  the  holes  in 
flange  of  5-in.  hip  I  will  be  the  same  as 
B  because  the  flange  and  the  angle  are  in 
tlie  same  plane. 

Figure   11  shows  the  connection  between 


a  bent  plate.  To  find  skew  across  bent 
plate,  start  with  vertical  elevation  of  KK'' 
and  mark  a  point  at  distance  12.-].  Project 
this  into  plan  and  then  into  a  normal  ele- 
vation of  KR".  where  skew  is  found  in  a 
similar  way  to  previous  examples.  To 
find  bend  in  bent  plate,  start  with  a  point 
at  a  distance  125  in  vertical  elevator  of 
KK'^R,  trace  this  into  plan,  normal  eleva- 
tion and  plan  of  bent  plate.  Here  the 
bevel  is  found.  The  skew  across  other  leg 
of  plate  should  be  the  same  as  that  found 
for  the  first  leg. 

Figure  12  is  a  shop  drawing  of  three 
different  pieces  in  the  roof,  and  shows 
the  method  of  locating  rivets,  etc.  The 
roof  line  is  first  drawn  in,  and  the  beams 
located  at  their  proper  distance  below 
same :  then  the  shoe,  connecting  holes  for 
rafters,  and  the  bent  plates  can  be  scaled 
directly  from  the  large  sketches.  The  riv- 
ets are  located  only  in  two  directions  and 
these  are  not  always  spaced  along  the 
beam  nor  even  do  they  start  from  a  point 
on  the  beam.  The  method  shown  would 
not  be  allowed  in  some  shops,  yet  it  is 
certainh-  the  best  manner  of  location  for 
the  office,  because  the  pieces  which  frame 
into  one  another  have  respective  dimen- 
sions match  up.  .\nother  run  of  figures, 
locating  rivet  to  rivet  along  web,  causes  a 
tremendous  amount  of  extra  labor  to  make 
them  match  exactly.  The  manner  in  which 
the  drawings  should  be  made  depends  en- 
tirely upon  what  the  shop  is  accustomed 
to  use. 

MORE    COMPLIC.-VTED    CONNECTION'S. 

The  next  figures  introduce  connections 
which  are  more  difficult  because  another 
angle  enters  into  the  problem.  Figure  13; 
shows  a  rather  peculiar  connection  which 
was  used  in  a  certain  building  to  see  if  it 
would  be  cheaper  to  cut  beams  clear  of  all 
copes,  cuts,  etc.,  and  allow  bent  plates  to 
make    the    connection.     In    a    shop    where 
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allel  to  ")-iu.  I.  Draw  a  line  S'S"  parallel 
to  4-in.  I.  /?"  is  the  intersection  of  these 
two  lines  and  S^  is  a  point  square  from  in- 
tersection B^  It  can  be  seen  that  .the  line 
S'S"    is    the     horizontal     projection     of    B 


I,,        HR"  / /fe<?'d 
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Fig,    12. 

the  cave  angles  at  the  corners,  and  is  quite 
a  different  proposition  from  any  that  have 
been  taken  up  so  far.  Both  steel  angles 
are  normal  to  roof  slope  and  require  to  be 
connected    with  two   rivets    in    each    side   of 


Ijeams  can  easily  be  sawn  on  a  skew,  and 
have  copes  and  flanges  cut,  the  cost  would 
be  much  greater  when  this  method  is 
used.  To  iTiake  the  connection  stiff  enough, 
there  will  be  required  a  greater  number  of 
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Fig.    13. 

clear  anil  sai<l   purlin  ■')  ins.  clear  of  roof 
line. 

(a).  Ijv  out  a  plan  .-tBCD  showing  hip 
CB. 

(b).  Erect  a  normal  section  of  roof 
DBB'. 

(cl.  Krecl  a  hip  section,  BB'  being  the 
same  height  as  BB'. 

(d).  It  is  retpiired  to  plot  l-l-in.  I  2  ins. 
clear  of  roof,  therefore  in  plan  show 
flange,  in  normal  section  plot  a  line  2  ins. 
clear  i>f  roof  ( "J  ins  is  marked  s.)  Now  as 
15-in.  I  flange  slicks  up  and  down  through 
normal  roof,  find  this  rise  and  fall  in  hip 
section.  Half  of  flange  has  a  vertical  rise 
of  H.  riot  A."  in  normal  seclion,  thus  lind- 
ing  required  vertical  height  k'  for  l"i-in.  I 
top  flange,  and  by  transferring  K'  to  the 
hip  section  the  l">-in.  I  can  be  plotted  cor- 
rectly. 

(c).  It  is  required  to  find  the  line  of  in- 
tersection of  Tin.  beam  with  hip,  there- 
fore draw  a  line  li'M  perpendicular  to  nor- 
mal sIojK-  through  "in.  I  (say  12  ins.  long) 
and  fin<l  point  M  in  hip  section  by  project- 
ing lines  through  plan  and  transferring 
vertical  height  -V.  Then  B'M  is  required 
line. 

(f).  It  is  required  to  plot  purlin  section 
through  its  center  line,  so  that  purlin  skew 
may  be  foun<l.  iJraw  a  line  /:/■.  parallel  to 
WW,  representing  apex  of  section,  and,  by 
finding  vertical  trace  of  point  .U  in  purlin 
section,  the  retiuired  line  EM,  which  gives 
the  proper  skew,  may  be  drawn. 

(g).    It  is  re<|uired  to  plot  a  purlin  angle 

section  to  linil  skew  at  ri   ' '       •     

lin   skew.      Draw   any   Ir 

gles  to  purlin  skew    repi 

of   7-in.    I    purlin   in   hip 

gle  that   is  wanted  shoiii 

of  "in.   I  purlin  web  with  l-'>-iii.   1  hip  wvb 

Take    a    point    in    the    l-*i  in     I    w'b    at    ;inv 

distance    from    inter-e.  ti^.n 

flicular  to   B'M.     '\'t:u<    r!,; 

the  various  views  to  the  pn 

tion.     The     requireil    [M>int 

where  in  this  line  and  at  tli 

taiice    awav    from    inlersecti' 


Fig.    14. 

connection,  which  appears  much  neater  and 
is  more  simple  in  every  respect.  In  thus 
case  the  truss  chord  to  which  it  connects 
is  dropped  below  the  purlin  aiul  the  gusset 
plate  extended  to  take  the  ikld  rivets.  .V 
line  along  back  of  truss  angle  is  used  as 
the  intersection  line. 

Figures  16  and  I"  illustrate  a  curved 
mansard  roof.  Figure  Iti  shows  a  corner  of 
the  roof  in  plan  and  elevation,  and  Fig. 
IT  a  detail  drawing  of  the  hip  ami  valley 
marked   on   plan.     On    this    large    structure 
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Fig.    16. 


total  arrived  at  which  gives  some  idea  of 
the  cost  of  the  proposed  building.  At  com- 
pletion of  the  whole  of  the  work  is  meas- 
ured by  the  surveyor,  priced  according  to 
the  schedule,  and  the  exact  cost  ascer- 
tained. 

A  somewhat  similar  method  of  competi- 
tive   tendering    is    sometimes    adopted    in 


England  for  large  buildings  when  it  is 
possible  for  the  foundations  and  basement 
to  be  proceeded  with  while  the  drawings 
for  the  superstructure  are  being  prepared, 
and  other  preparatory  work  performed.  A 
s-hedulc  embodying,  as  far  as  may  be  seen, 
all  the  principal  items  of  the  work  in  ques- 
tion, is  drawn  up  by  a  surveyor,  and  copies 


sent  to  builders  desiring  to  tender.  The 
surveyor  reports  to  the  architect  upon  the 
prices  which  the  builders  have  attached 
to  the  various  items,  and  though  a  total 
sum  cannot  be  stated,  as  the  quantities  are 
not  indicated  in  the  schedule,  some  idea  of 
the  respective  tenders  may  be  gained,  and 
tile    builder   offering    the    most     favorable 
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quotation    is    appointed    to    carr>'    out    the 
work. 

While  diteusiinK  schedules  it  may  be  in- 
tcrt>!ins:  to  mention   those  t<i<iif'   '       "-■• 
i^h   iii'.l>lic   liodirs   Mich   as    11     N! 

Works   and   the    War   Office.     1  .,         

has  under  its  control  the  Royal  Palaces 
and  buildings  used  for  Post  Offirr.  Inlariil 
Revenue  and  other  purposes.  T' 
ules  are  most  complete  and  in.  '■ 
bear  reference  to  practically  all  ihi.  itcni! 
that  may  be  met  with  in  buildinc  work. 
They  name  a  price  for  each  item,  and 
contractors  are  invited  to  tender  at  a  per- 
ccnlaRc  above  or  below  these  prices,  as 
they  please.  This  method  is  not  eniployeil 
for  the  erection  of  new  buildinKs  to  any 
great  e.vtcnt,  but  mostly  for  the  hundred 
and  one  matters  connected  with  their  up- 
keep alter  erection.  Periodical  accounts 
are  rendered  by  the  contractor  who  arrives 
at  his  charges  by  measurement,  the  items 
being  priceil  according  to  his  tender  upon 
the  schedule.  The  measurements  and 
prices  are  checked  by  the  surveyors  em- 
ployed by  the  authorities. 

A  further  system  of  competitive  tender- 
ing is  sometimes,  though  rarely,  adopted  by 
some  architects  with  advantage  in  cases  in 
which  the  extent  of  the  work  is  not  at 
first  determined  or  in  v\hich  the  plan  of 
the  building  is  liable  to  alteration  at  the 
whim  of  the  client.  .-V  contractor  for  the 
whole  of  the  work  or  for  one  or  more 
particular  trades  is  invited  to  state  the  per- 
centage of  profit  for  which  lie  is  willing  to 
undertake  his  portion  of  the  building.  The 
percentage  of  profit  has  to  cover  all  office 
and  working  expenses,  and  the  provision 
and  maintenance  of  scaffolding  and  plant, 
these  items  not  appearing  in  the  accounts 
It  is  usually  considered  that  these  ex- 
penses, or  establishment  charges,  as  they 
are  called,  come  to  about  8  per  cent  on  the 
cost  of  the  building,  though  the  present 
writer  has  known  a  case  in  which  a  large 
building  was  erected  upon  this  system  and 
in  which  the  contractor  accepted  this  per- 
centage to  cover  his  establishment  charges 
and  provide  his  profit.  From  12  to  15  per 
cent  is  frequently  charged.  The  questions 
of  workmen's  railway  fares,  should  the 
job  be  situated  at  a  distance  from  an  in- 
dustrial center,  and  of  other  similar  out- 
Diys  arc  matters  of  mutual  agreement.  The 
clerk  of  works  engaged  on  the  building 
keeps  an  accurate  record  of  the  time  spent 
b>'  the  several  workmen  and  of  all  the  ma- 
terial coming  on  to  the  job,  and  he  makes 
a  return  of  these  weekly  cither  to  the  ar- 
chitect, or  preferably,  to  a  surveyor  who 
compares  it  with  the  corresponding  ac- 
counts rendered  by  the  contractor.  The 
contractor  is  required  to  suhmit  receipted 
invoices  for  all  materials  iMiMglit  for  the 
job,  these  being  likewise  snljji.i  i..  tin- 
scrutiny  of  the  surveyor.  His 
also  open  for  inspection  by  tli. 
when  desired.  Such  portions  of  ilic  w..rk 
as  cannot  be  invoiced  in  this  way  arc  either 
charged  for  by  the  contractor  .  ■ 
and  valued  bv  the  survcvor  '  h. 
to  this  s 
before 
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commenced,   and   that,   to  a  cef 
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.result  in  good  workinanthip  and  value  for       *e«nne  1  val><»  thoiiM   uppt^r  in  the  bill 
money. 

But  by  far  the  most  tisiiat  method  of  ob- 
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the  (  '  .md  the  '.' 
th,at  M  -  fnr  .1-  : 
provided  iwr  jub^  i.  in  tost. 
In  Some  instances  li  ■  taken 
off  the  architects'  own  ult.cc,  'ly 
himself  (which  argues  a  '>le 
amount  of  spare  time)  :>■  '  wi  -  l>y 
an  assistant  more  or  Ics-  :•,  per- 
form this  duty.  The  mo>i  ^.... ,',,  recog- 
nized procedure,  however,  is  for  the  ar- 
chitect to  appoint  a  quantity  surveyor  who 
is  in  practice  on  his  own  account,  or,  at 
all  events,  to  use  his  influence  with  his 
client  for  the  appointment  of  the  surveyor. 
By  this  means  the  quantities  are  prepared 
by  a  man  who  is  familiar  wi'  iii- 
tect's  wishes  and  custom.  In  ■  iie 
surveyor  is  commonly  paid  1,..  .i...  ihe 
contractor,  a  si^m  for  this  purpose  having 
been  added  to  the  amount  of  his  tender.  In 
the  case  of  work  for  municipal  and  other 
public  authorities  the  coinniitue  responsi- 
ble for  carrying  out  the  scheme  frequently 
,ippoinl  a  surveyor  themselves,  and  pay 
him  ilircct. 

The  quantity  surveyor's  charges  of 
course  are  in  addition  to  •'  •  paid  to 
the   architect.    It   will   b.  d    that 

there  is  less  work,  propo^  "   "re- 

paring  quantities  for  a  I  in 

for   a   smaller   one   of   sii;  :iid 

schedules  of  charges  have  been  drawn  up 
to  meet  this  difference.  That  of  the  yuan- 
tity  Surveyors'  Association  of  Great  Brit- 
ain is  perhaps  the  most  representative,  and 
is  as  follows : 
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while  tlie  contractor  is  paid  for  all  be 
docs,  and  the  owner  is  not  called  npon  to 
pay   for  work  that  is  not  executed. 


Moving  a   Contractor's  Plant  Over  a 

River  on  Ice  and  Data  on  the 

Maximum  Load  That  Ice 

Will  Sustain. 

In  view  of  an  apparent  lack  of  data  con- 
cerning the  n)axiiTium  load  that  ice  will 
sustain,  the  following  account  of  the  mov- 
ing of  a  contractor's  plant  across  the  Hud- 
son River  on  the  ice  should  prove  of  in- 
terest. Tlie  plant  was  transferred  across 
this  river  at  Stillwater,  N.  Y.,  in  order  to 
begin  Work  on  Lock  Xo.  4  of  tlie  Cham- 
plain  Canal  of  the  New  York  State  Barge 
Canal.  This  lock  is  included  in  Contract 
No.  C8,  for  which  the  Shanley-Morrisey 
Co.,  of  New  York  City,  are  the  contrac- 
tors. An  account  of  this  crossing  is  in 
the  .-Kpril  issue  of  the  Barge  Canal  Bulle- 
tin, and  the  following  matter  has  been  tak- 
en from  that  issue : 

The  lock  is  to  be  built  on  the  east  side 
of  the  Hudson,  opposite  the  village  of 
Stillwater.  The  nearest  railroad  station  on 
the  east  is  at  Scbaghticoke — six  miles 
away — but  on  the  west  a  trolley  line  is 
close  to  the  river's  bank.  The  high-way 
bridge  at  this  point  is  an  old  structure  and 
also  too  light  for  heavy  loads.  To  avoid 
the  necessity  of  liauling  their  plant  over- 
land for  six  miles,  the  contractors  con- 
ceived the  idea  of  delivering  the  machiner.\- 
by  the  trolley  on  the  west  bank  and  taking 
it  across  on  the  ice.  The  heaviest  single 
piece  was  a  Model  00  ]\Iarion  steam-shovel, 
w-eighing  about  Tn  tons  when  in  workin.g 
order.  This  could  be  stripped  to  about  4."'i 
tons  by  removing  the  boom  and  dipper, 
which  weighed  some  15  and  10  tons,  re- 
spectively. There  were  also  three  Porter 
locomotives,  weighing  18  tons  each,  which 
could  be  stripped  to  15  tons.  In  addi- 
tion the  plant  contained  the  usual  hoisting 
engines,  dump-cars,  drills,  etc.,  some  pieces 
weighing  as  much  as  12  tons.  This  ma- 
chinery was  delivered  at  .Stillwater  on  Jan- 
uary 12. 

In  the  vicinity  of  Stillwater  the  river 
freezes  ordinarily  to  a  depth  of  about 
18  in.,  but  during  the  past  mild  winter  it 
was  only  about  half  that  amount.  To  in- 
crease the  thickness  of  tlie  ice.  the  contrac- 
tors devised  the  plan  of  cutting  holes  and 
flooding  the  surface  by  pumping  water  up- 
on it.  By  this  nieans  a  thickness  of  from 
10  to  14  ins.  was  obtained. 

Tlie  plant  was  unloaded  at  Stillwater  in 
January,  and  the  contractors  waited  for 
about  a  month,  but  then,  as  it  seemed  too 
late  in  the  season  to  expect  any  protracted 
cold  spell,  it  was  determined  to  begin  oper- 
ations. Moreover,  on  Feb.  4  there  was 
a  threatened  thaw,  and  lest  they  should 
lose  all  for  which  they  had  been  waiting, 
they  decided  to  proceed  with  all  possible 
speed.  .Accordingly  they  placed  their 
tracks  in  position,  working  all  night,  so  a^ 
to  be  ready  for  transporting  the  machinery 
on  the  next  day. 

Meantime,  on  the  afternoon  of  the 
fourth,  a  trial  load  weighing  about  15  tons 
had  been  run  out  upon  the  river.  The  ice 
seemed  to  bear  this  weight  safely  and 
tlie  contractors  felt  conlident  of  success  in 
transporting  at  least  the  greater  part  of 
their  plant.  It  was  especially  desired,  of 
course,  to  get  the  steam-shovel  across  and 
to  put  it  at  work  excavating,  and  the  long 
and  expensive  labor  of  carrying  this  ma- 
chine overland  had  furnished  the  chief  rea- 
son for  waiting  for  the  formation  of  this 
ice  bridge,  but  it  had  been  decided  from 
tlie   first  to   test   the  ice  with   the   locomo- 


tives before  risking  the  hea\ier  and  ninre 
costly   shovel. 

For  spreading  the  weight  over  a  wider 
area,  8  by  16-in.  yellow  pine  timbers,  24 
ft.  long,  were  placed  beneath  the  narrow- 
gage  railway.  The  river  at  Stillwater  is 
1,000  ft.  wide  and  these  long  timbers  were 
used  for  aljout  four-fifths  of  the  distance 
across  from  the  east  bank,  being  spaced  15 
ft.  apart.  In  each  space  two  8-iii.  ties, 
8  ft.  long,  were  placed,  thus  making  dis- 
tances of  5  ft.  between  the  supports  for 
the  track.  The  plant  was  to  reach  the  ice 
from  a  dock  on  the  west  bank.  To  sustain 
the  shock  of  this  abrupt  decent,  the  ties 
and  long  timbers  were  spaced  much  closer 
at  this  place.  The  supply  of  24-ft.  tim- 
Ijcrs  was  not  sufficient  for  the  whole  dis- 
tance, and  so,  near  the  west  bank,  there 
was  a  strcteli  of  150  ft.  in  which  tlie  track 
was  supported  by  the  8- ft.  ties  alone,  but 
spaced  2%   ft.   apart. 

Early  on  the  morning  of  the  fifth  the 
contractors  began  pulling  over  their  ma- 
chinery, the  lighter  loads  being  taken  first. 
.\  hoisting  engine  had  previously  been 
hauled  across  and  this  was  placed  on  the 
east  bank.  A  cable  1.000  ft.  long,  stretching 
from  this  engine  to  tlie  opposite  bank, 
was  used  to  pull  over  the  desired  loads.  By 
taking  several  turns  with  this  cable  around 
a  spool  on  the  drum  sliaft  the  various  ma- 
chines could  be  transported  while  the  men 
were  on  the  shore,  and  it  was  not  necessary 
to  risk  the  life  of  someone  upon  the  ice 
when  the  heavy  loads  were  being  carried. 
Moreover,  when  once  started,  these  bur- 
dens could  thus  be  quickly  hauled  across. 

The  greatest  strain  came  in  the  after- 
noon, wdien  the  three  locomotives  were  be- 
ing carried  over.  To  obtain  data  on  the 
supporting  power  of  ice,  the  engineers  in 
charge  of  this  contract  had  taken  a  scries 
of  levels  upon  the  track.  Then  by  fasten- 
ing a  leveling  rod  to  a  locomotive-  the 
fluctuations  of  the  ice  surface  could  be  de- 
termined while  the  load  was  in  transit.  It 
was  thus  learned  that  the  ice  did  not  sink 
quite  so  much  as  appeared  to  the  eye,  for 
the  surface  seemed  to  take  a  great  bil- 
lowy motion  as  the  locomotive  advanced. 
The  levels  showed  that  the  ice  sank  under 
the  weight  about  four  inches,  on  the  av- 
erage, a  maximum'  of  some  0  or  T  ins.  be- 
ing reached.  It  took  about  four  minutes  to 
haul  over  a  single  locomotive.  The  wave- 
like undulation  of  the  ice  beneath  it  may 
be  likened  to  the  conditions  which  exist 
when  a  skater  goes  rapidly  over  a  thin 
surface.  Tliere  was  also  a  shattering  of  the 
ice  and  numerous  cracks  were  opened. 

-After  the  locomotives  were  taken  over, 
the  boom  and  the  dipper  of  the  steam- 
shovel  were  transported  separately  and 
the  work  continued  until  two  o'clock  the 
next  morning  before  all  the  machinery  ex- 
cept the  steam-shovel  was  moved.  This  did 
not  get  so  far  as  the  ice.  After  bringing 
it  close  to  the  river,  it  was  finally  decided 
that  it  was  not  safe  to  make  the  attempt. 
Then,  after  waiting  for  several  days,  dur- 
ing which  there  was  no  indication  that  the 
ice  would  become  stronger,  it  was  deter- 
mined to  move  the  shovel  by  the  overland 
route,  and  it  was  accordingly  taken  to 
Scbaghticoke  and  carried  over  the  high- 
ways for  six  miles,  a  task  that  involved 
about  a  week's  labor.  Fortunately  for  the 
contractors,  while  the  shovel  was  being 
moved,  there  w-as  almost  no  snow  upon  the 
ground,  but  a  thin  layer  of  ice  covered  the 
surface.  It  was  thus  possible  to  haul  the 
rails  easily  and  to  lay  the  track  without 
tics,  a  few  flat  iron  rods  holding  the  rails 
together  and  in  position.  The  machine  was 
moved  for  about  $100  a  mile. 

Although  it  is  not  possible  to  say  that 
the  ultimate   load   for  ice  under  the  exist- 


ing conditions  was  reached,  yet  it  would 
seem  that  the  tonnage  taken  was  near  to 
that  limit.  The  ice  in  the  vicinity  of  the 
track  was  badly  shattered  and  fissured, 
somewhat  as  a  piece  of  thin  ice  or  a  pane 
of  glass  would  be  from  a  severe  blow.  The 
cracks  in  general  did  not  extend  many  feet 
beyond  the  timbers  and  ties,  but  in  some 
instances  they  reached  to  a  distance  of 
some  40  ft.  away.  The  ice  may  be  described 
as  simply  of  ordinary  quality,  probably  not 
so  strong  as  a  clear,  quickly-frozen  ice, 
although  the  contractors  had  taken  the 
precaution  of  keeping  the  snow  removed 
from  the  site  of  the  crossing,  so  that  it 
was  not  what  is  known  as  snow  ice.  .-V 
thaw  had  been  in  progress  during  the  day 
and  probably  the  ice  was  weaker  than  on 
the  preceding  day  wdien  the  test  load  was 
carried.  The  ■  engineer  in  charge  of  the 
residency,  having  witnessed  these  opera- 
tions, states  that,  with  ice  in  the  condi- 
tion it  was  at  the  time  of  the  crossing,  the 
maximum  load  of  15  tons  appeared  to  be 
about  all  that  10  ins.  would  safely  stand. 


Steam  shovels  in  April  removed  2,137,861 
cu.  yds.  on  the  Panama  Canal,  of  which 
2,()83,5(i0  cu.  yds.  were  "work."  and  54,301 
"plant,"  excavation.  In  the  Central  Divi- 
sion the  shovels  excavated  a  total  of  1.- 
708.4-54  cu.  yds.,  comprising  l,(i8T,7(Jt>  cu. 
yds.  from  the  Canal  prism,  74,402  from  the 
t)bispo  Diversion,  15,(388  taken  from  the 
prism  and  then  dumped  back  for  levee  pur- 
poses, and  20,508  excavated  by  hand.  The 
following  table  gives  a  comparison  with 
other  high  monthly  records  in  this  division  : 


Prism  and 
Outside. 
1.61.5. lis 
1,598.981 
1.644,6.36 
2.065,827 
1.798,454 


Date —  Prism. 

Marcli     1908    1,. 540,497 

October,    190S    1,551,409 

February,    1909    1,546,00.S 

Marcli,    1909    1,966,294 

April,    1909    1,722,442 

The  high  record  for  the  month  was  made 
by  shovel  No.  223  (00-ton  at  work  in  the 
Culebra  District,)  which  took  out  51.184 
cu.  yds.  of  earth  in  2(j  working  days,  an 
average  of  1.060  cu.  yds.  per  day.  The  best 
record  for  shovels  in  the  70-ton  class  was 
made  by  No.  122  in  the  Bas  Obispo  Dis- 
trict, which  removed  35,053  cu.  yds.  of  rock 
and  earth  in  25  working  days,  an  avcra.ge  of 
1.402  cu.  yds.  per  day.  The  record  for  a 
single  day's  excavation  was  broken  on  April 
8,  when  57  shovels  took  out  78,550  cu.  yds, 
an  average  of  1,378  cu.  yds.  per  shovel. 
The  best  day's  record  for  one  shovel  dur- 
ing the  month  was  on  .\pril  12,  when  No. 
266  in  the  Culebra  District  excavated  3,340 
cu.  yds.  On  April  6,  tlie  18  shovels  work- 
ing in  the  Culebra  District  broke  all  pre- 
vious records  for  districts,  removing  28.- 
350  cu.  yds.,  an  average  of  1,575  cu.  yds. 
per  shovel. 


The  Brooklyn  Engineers'  Club  has  taken 
possession  of  new  quarters,  at  No.  117 
Renison  street.  The  cost  of  the  building, 
which  was  formerly  the  old  Nesmith  man- 
sion, was  about  $30,000.  Several  thousan.l 
dollars  more  are  being  expended  to  remodel 
the  building  and  make  it  an  up-to-date  club- 
house. The  building  is  three  stories  high. 
There  is  a  basement,  in  which  the  caretaker 
will  live.  The  auditorium,  with  seats  for 
150  persons,  and  a  dining  room,  with  ac- 
commodations for  about  twenty  persons, 
take  up  the  parlor  floor.  In  the  auditorium 
the  members  will  hold  their  meetings  and 
the  room  will  be  rented  to  kindred  organ- 
izations for  meetings  when  the  club  does 
not  need  it.  On  the  second  floor  are  the 
library,  the  office  of  the  secretary  and  the 
smoking  room.  The  top  floor  will  be  divid- 
ed into  five  bedrooms  for  the  use  of  mem- 
bers. 
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Cost  of  a  Brick  Manhole,  Flush  Tank 
and  Laying  Pipe  Sewer. 

The      ^'llnMIlk;      .!.:I,i       lil.,l,        I    .      •',. 

•tniclion  ot  n  lirick  niaiili"!.  .  , 
t.-iiik,  aiul  (hr  laviiiK  <>l  .1  M-rri'ii 
»cwrr  al  C°l>lulnllll^.  .Ma^^.  lli. 
ci>n*lnitie«l  (»■    itu-  i-iitiinrrr  mi  ;  . 

IlMMIr      I'f     ..i-;~ 

'''■■  '■'■••'!  —The  manlmlr  wai  -I  h. 
Ill  .liaiiiiitr  ami  ilH  ft.  deep;  it  wa*  of  the 
"churn  panrrii."  Its  i-ost  was  as  fullows: 
1  .M...    i.,,r,|   brU-k   HI    $S  :.o.   apllVfrrd.  .  ..t  «.S0 

-.    k-    I'cirtliiiii]   rrmi-nt   at   ilk-.   .Ifllv- 

■■■■'■     s.so 

1    >.!     nanil.   i]p||vt<r<>d 0.»S 

Hine  und  cover.  i%i  Itw.  at  f2.«o  p«>r  100 

Umi       94^ 

^   -"ftp   tnina   n -n 

n  I  -i.i.i;   Iron   

I'Lik  r  t:  holr — In  biiek  . :.. . 

HliliiiK    :>■:. 

Maiion    K   hours  nt  SB  em..  4. 40 

Helper.   S   lioum  Ht   lHj   el*  1.00 


Enitln«n<'    estlmale  of  com 

Hriik  l-lush  Trtiiit.— The  tUish  tank 
4  ft.  in  diameter  by  .">  ft.  dccji  Its  t-nst 
as    follows : 

«50  l.rlfk   nt   SC.aO.  dellvrretl  \ 

.,  ., ..  L .  I'— iftnd  cement  at  .'.»  i-t.^ 


■  ■I    '  "Ver,    395   Ibii.    at    $!.40   per 
iioiiiatic  iiyphnn 


,\I  I-  . 
II   :|.. 


[■ipe  . . 

,-     in.I 


was 
was 

4.aO 
.50 
.SO 

9.48 

:;.io 
.cs 

.45 

.50 
1.50 
4. 95 
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Tiilal    <         , 

Knitlnfer's  eatlniatt-   .       .1 

Ijiyiiig  SntsT. — The  scwcr  wa>  l.ol:i  it. 
long,  of  8-in.  terra  cotta  pipe.  The  scwcr- 
pipe  was  furnished  by  the  city,  delivered  on 
the  joli.  so  that  the  following  is  the  cost 
of    laying    only. 

Four  manholes  and  one  flush  tank  were 
also  constructed,  hut  these  were  paid  for 
separately  and  their  cost  is  not  included 
in  the  figures  below.  The  average  depth 
of  the  trench  was  <>H  ft..  The  work  was 
completed  in  M  days  of  !••  hours  each.  The 
cost    was   as    follows : 

Per 

T.l.il       I  III    fl 
I-atwir.  ■  .: 

Irenel. 

Ine    \\  ;         ,      ,:.... 

!••  ■    '■•iir tl63.»5  tu.lulA 

\\   1    •  L,  jolnm  (acting  foreman), 

:  ;  )r*     :« f     I '.    ■  I .,  "II".  Ml  ■■! 

H  ^.atlh!     - 


Total    

Wc  are  in<)<r.trH  k.  <  nari.  -    \.y>\\  w I. 

C.   V...  Columbus,   .Mass.,   for   the  alxjvc   in- 
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LETTERS  TO  THE  EDITORS. 

The  Theory  of  Economical  Road  and 
Street  Design  and  Location. 
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mnxlniuin  mnendnin  Imt.l  will  rarely  be 
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crease the  load  more  than  2,'.  pier  cent. 

3rd.  Parallel  paved  roiuls  two  miles 
apart  are  Inadequate.  Pavi-d  cross  roads 
are  equally  necessary.  Indent,  a  reetangu- 
lar  system  of  roads  two  miles  apart  would 
not  meet  the  requlrement.s  of  the  theory 
which  assumes  that  nil  produce  Is  hauled 
from  farm  to  market  over  paved  road  all 
the  way.  Pave<I  roads  one  mil.-  apart  In 
iMith  directions  or  on  the  four  sides  of  ev- 
ery section  of  land,  are  the  least  that  will 
satisfy  the  assumption  of  the  theory.  It 
appears,  therefore,  that  the  estlmatiM  mile- 
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are  but  one-fourth  as  large  as  they  must 
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develop  a  rational  method  of  locating  and 
designing  roads,  to  take  the  place  of  the 
common  plan  of  adhering  to  fixed  "stand- 
ards"  and  antiquated  precedents. 

We  agree  with  Mr.  Campbell  that  the 
motor  car  is  fast  rendering  necessary  some- 
thing better  than  a  macadam  road  surface, 
at  least  for  all  roads  subject  to  much  mo- 
tor car  traffic.  This  is  a  matter  that  will 
be  discussed  in  one  of  the  articles  of  the 
series    now    running. — Editors.] 


Personals. 

Mr.  J.  D.  Arey  has  -oeen  ;-eappointed  City 
Surveyor   of   Sterling,    111. 

Mr.  O.  A.  Turney  has  been  veappoinled 
City   Engineer   of  Phoenix.   Ariz. 

Mr.  Elmer  Folsom  has  been  reappointed 
City   Engineer   of   Bloomington.   111. 

Mr.  Joseph  TV.  Hunter  has  been  reap- 
pointed State  Highway  Commissioner  of 
Pennsylvania. 

Mr.  Howard  R.  Pratt.  Engineer  of  Main- 
tenance of  Way  of  the  Western  Maryland 
Ry..   has  been  appointed  Chief  Engineer. 

Burr  &  Ferguson,  civil,  hydraulic  and 
mining  engineers,  have  opened  offices  in 
suite  216-217  Loo  building.  Hastings  and 
Abbott    Sts..    Vancouver,    B.    C. 

Prof.  B.  J.  Dalton,  instructor  in  civil  en- 
gineering at  the  University  of  Kansas.  Law- 
rence. Kan.,  has  been  appointed  Chief  En- 
gineer of  the  CherrjTale.  Oklahoma  &  Tex- 
as R.  R.,  a  new  railroad  which  will  short- 
ly be  under  construction. 

Mr.  E.  Fischer.  formerly  Engineer  of 
Bridges  and  Buildings  of  the  Missouri  Pa- 
cific Ry..  has  been  appointed  Resident  En- 
gineer of  the  St.  Louis,  Brownsville  &  Mex- 
ico R.  R.,  with  headquarters  at  Browns- 
ville,   Tex. 

Mr.  T.  H.  Webb,  heretofore  Assistatnt 
Engineer  of  the  Wichita  Falls  &  North- 
western Ry..  has  been  appointed  Chief  En- 
gineer to  succeed  Mr.  R.  A.  Thompson,  who 
has  become  Engineer  of  the  Interstate  Com- 
merce  Commission   of  Texas. 

Mr.  Harry  A.  Young,  for  some  time  lo- 
cated at  Camaguey.  Cuba,  where  he  was 
engaged  in  constructing  a  new  water  sys- 
tem for  Camaguey,  has  returned  to  New 
York  City  to  become  engineer  with  the 
Jobson-Hooker    Constructing    Co. 

Mr.  W.  O.  Myers  has  been  appointed  Sec- 
retary and  General  Superintendent  of  the 
water  works  and  electric  light  plant  of  Otta- 
wa. Kan.,  taking  office  June  1st.  Mr.  Claude 
S.  Pugh.  his  assistant  for  a  number  of  years, 
succeeds  him  as  City  Engineer  of  Ottawa. 

Mr.  R.  Winthrop  Pratt.  Chief  Engireer 
of  the  Ohio  State  Board  of  Health,  has 
been  appointed  Director  of  Sanitary  Engi- 
neering to  the  Cuban  Government.  Mr. 
Pratt  has  been  granted  a  year's  leave  of  ab- 
sence by  the  State  Board  of  Health  of 
Ohio,  during  which  Mr.  Paul  Hansen,  at 
present  Assistant  Engineer,  will  become 
Acting    Chief    Engineer. 

Mr.  FYancis  P.  Bergen  of  Williams  & 
Bergen.  San  Francisco,  Cal.,  advisory  engi- 
neers for  the  Civic  League,  an  organization 
of  the  property  interests  of  that  city,  on 
the  work  now  in  progress  of  construction 
and  authorized  by  a  recent  bond  issue  of 
$18,200,000,  has  been  in  Chicago  the  last 
few  days  for  the  purpose  of  investigating 
what  has  been  done  regarding  the  pro- 
posed high-pressure  fire  protection  system, 
as  well  as  obtaining  other  information  that 
will  be  of  benefit  to  the  city  of  San  Fran- 
cisco. Mr.  Bergen  will  visit  many  cities 
in  the  East,  in  which  the  question  of  bet- 
ter fire  protection  is  being  seriously  con- 
sidered, and  will  return  to  San  Francisco 
about  July   i:.. 


Catalogs  Worth  Having. 

Engineers  and  contractors  sliould  have 
on  file  the  latest  catalogs  of  machines, 
tools  and  supplies  that  they  use.  In  sending 
for  catalogs  reviewed  or  advertised  in 
this  paper,  you  will  confer  a  favor  on  us 
if  you  will  write  direct  to  the  advertisers 
and  state  that  you  saw  the  catalog  men- 
tioned in  Engineering-Contracting.  If 
you  are  in  the  market  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  notify 
promptly  the  leading  manufacturers. 

No.  1264.  Troy  Dump  Boxes. — Troy  Wagon 
Works  Co..  Troy.   O. 

This  handsomely  printed  12-page  pamphlet 
illustrates  and  describes  the  Troy  dump  box. 
which  the  above  named  company  manufac- 
tures for  application  to  any  wagon  gear.  The 
special  features  of  the  Troy  dumping  mech- 
anism, for  which  unusual  durability  and  effi- 
ciency are  claimed,  are  described  and  illus- 
trated. 

No.    1265.     Vitrified   Pipe  vs.    Brick   Sewers. 

—  Blackmer  &  Post  Pipe  Co..  St.  Louis.  Mo. 
This  is  a  well-printed  and  handsomely 
illustrated  pamphlet  arguing  the  advantages 
of  using  large  sizes  of  vitrified  pipe  in  place 
of  brick  for  sewer  construction.  The  pam- 
phlet gives  a  number  of  useful  hints  for 
handling  and  laying  large-size  vitrified  pipe- 
It  should  be  of  interest  to  city  engineers 
and   superintendents   of  sewers. 

No.  1266.  Gasolene  Driven  Locomotives. — 
Milwaukee  Locomotive  Mfg.  Co..  Milwaukee, 
Wis. 

The  above  named  company  manufactures 
an  extended  line  of  gasoline  driven  locomo- 
tives for  use  on  industrial  railways  and  in 
contract  work.  The  pamphlet  describes  the 
construction  of  the  locomotives  in  great  de- 
tail, points  out  the  advantages  of  the  engine 
used  and  gives  tables  of  sizes  and  dimen- 
sions. Contractors  will  be  interested  in  ex- 
amining the  locomotives  which  are  offered 
for  general  contract  work,  tunnel  and  canal 
construction. 

No.  1267.  Baltimore  Sewerage  System. — 
Blaw  Collapsible  Steel  Centering  Co.,  West- 
inghouse  Bldg..   Pittsburg,   Pa. 

This  16-page  pamphlet  illustrates  by  pho- 
tographic views  the  use  of  Blaw  collapsible 
steel  centers  in  constructing  the  large  new 
sewers  for  the  Baltimore  sewerage  system. 
The  main  outfall  sewer  of  this  system  is 
12  ft.  3  ins.  wide  and  11  ft.   high. 

No.  12GS.  Machinery  and  Tools. — Brown 
&  Sharpe  Mfg.  Co..  l?i'ovidence.  R.  I. 

This  is  a  general  catalog  of  a  full  line  of 
machine  tools  manufactured  by  the  above 
well  known  firm.  The  catalog  contains  551 
pages  and  practically  every  kind  of  machine 
too!  is  illustrated  and  described  in  sufficient 
detail  to  enable  a  purchaser  to  order  direct 
from  the  catalog. 

No.  1269.  Motor  Lawn  Mower  &  Roller. — 
Austin  Mfg.  Co.,  Manhattan  Bldg.,  Chicago, 
111. 

The  machine  described  in  this  catalog  is  a 
lawn  mower  and  lawn  roller  operated  by 
gasoline  power.  It  is  interesting  to  know 
that  this  company  is  prepared  to  make  road 
rollers  operated  by  gasoline  power  of  all 
sizes  that  are  commonly  used  in  road  and 
street  work. 

No.  1270.  Success  Winning  Machinery, — 
Chicago  Concrete  Machinery  Co..  20  South 
Canal  St.,  Chicago,  111. 

This  little  pamphlet  illustrates  and  de- 
scribes briefly  the  line  of  concrete  mixers 
and   hoists,   concrete  barrows  and  carts  and 


si   ne    crushers    sold    b.v    the    above    named 
company. 

No.  1271.  Up-to-Date  Methods  in  Steam 
Logging. — Lambert  Hoisting  Engine  Co..  117- 
1:;3   Poinier   St.,   Newark,   N,   J. 

This  52-page  pamphlet  is  a  general  catalog 
of  the  full  line  of  hoisting  engines  and  hoists 
manufactured  by  the  above  well  known  com- 
pany. Particular  attention  is  given  to  illus- 
trating and  describing  the  use  of  Lambert 
machinery  in  logging  work.  Some  of  the 
illustrations  are  exceedingly  interesting  in 
showing  to  "w-hat  extent  modern  hoisting 
machinery  is  being  used  by  lumbermen 

No.  1272.  Grading  Machinery. — Smith  & 
Sons  Mfg.   Co..   Kansas  City,   Mo. 

This  catalog  describes  and  illustrates  the 
line  of  road  and  earth  work  machinery  man- 
ufactured by  the  above  named  company. 
Particular  attention  is  devoted  to  the  com- 
pany's wheel  and  drag  scrapers.  Among 
the  other  machines  described  are  plows, 
dump  wagons,  road  machines  and  rock 
crushing  machinery. 

No.  1273.  The  Kindling  Squeegee.— The 
Kindling  Machinery  Co.,  Milwaukee,   Wis. 

This  14-page  pamphlet  describes  and  illus- 
trates the  Kindling  street  washing  machine. 
This  machine  consists  of  a  tank  from  which 
sprinklers  feed  water  on  to  a  steel  cylinder 
carrying  soft  rubber  fins  which  revolve  when 
the  machine  is  hauled  and  so  scrub  tlie 
street  with  water.  The  construction  of  the 
machine,  methods  of  using  it.  and  results 
obtained   are  given   in   the  pamphlet. 

No.  1274.  Drag  and  Wheel  Scrapers. — 
Harry   J.    See    Co..    Deedsville,   Ind. 

This  little  pamphlet  describes  the  full  line 
of  wheel  and  drag  scrapers,  plows,  wheel- 
barrows, etc.,  manufactured  by  the  above 
named  company. 

No.  1275.  Gas  Traction  Engines. — Gas 
Traction   Co.,  Minneapolis.   Minn. 

This  is  a  handsomely  printed  catalog  of 
16  pages  describing  and  illustrating  the  gas 
traction  engines  made  by  the  above  named 
concern.  The  engine  is  described  in  consid- 
erable detail  and  some  very  interesting  rec- 
ords are  given  of  the  work  which  it  will 
perform. 

No.  1276.  Oiled  Roads.— Good  Roads  Im- 
provement   Co..   Cincinnati,    O. 

In  this  pamphlet  the  above  named  com- 
pany has  compiled  a  large  amount  of  infor- 
mation regarding  oiled  roads  taken  from  the 
reports  of  the  Linited  States  Government  "ex- 
perts and  from  the  papers  read  at  the  Paris 
convention  on  good  roads  improvement.  This 
pamphlet  should  be  of  interest  to  road  en- 
gineers   and   superintendents. 

No.  1277.  Road  Machinery. — Acme  Road 
Machinery   Co.,    Frankfort.    N.    Y. 

This  is  a  12-page  catalog  of  the  complete 
line  of  road  machiner.v  manufactured  by 
the  above  named  company.  As  most  con- 
tractors know  this  company  manufactures 
a  very  full  line  of  road  machinery.  The 
catalog  describes  the  various  machines  in 
detail  and  shows  a  large  number  of  arrange- 
ments of  crusher  plants  suitable  for  road 
work   contractors. 

No.  127S.  Boiler  Logic. — Heine  Safety 
Boiler  Co.,  St.  Louis,  Mo. 

Under  the  above  title  the  company  named 
gives  a  very  good  technical  discussion  of 
steam  boiler  construction   and   operation. 

No.  1279.  Dump  Buckets. — The  Union 
Iron   Works,   Hoboken,  N,   J. 

This  26-page  pamphlet  describes  the  full 
line  of  dump  buckets,  tubs,  dump  cars,  bar- 
rows and  carts  and  cableway  skips  made  by 
the  above  named  firm.  Tables  of  dimensions, 
capacity  and  prices  are  given. 
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The  Proposed  Lakes  to  the  Gulf  Deep 
Waterway. 

A   sum  of  $158,6!)7.48"J   for  constniction 
and  another  sum 
maintenance    will 
way  from  Chi^■a^;c>  t.. 
These  arc  llie   l-;;;iri  ^ 

Copyright,  1909,  b>  the 


.  ri  a|i|H>mted  lu  11 
,.v;    ..iidcr   CongresM-  ' 
rrpori  uf  ihii  txjartl 

gre»s  uii  June  8,  aim  it  .1, 

^o  that   We  i|Uole   from   t  ,^-. 

i<>iiiil>  of  it*  I.  '  rt 

^a\^   that   a   14-ii  m 

ail   engineering   point   oi    Mew,   ili:,- 
be    cuniitructvd    and    maintained 
above    staled    sums,    and    that    c. 
docs  not  warrant  itii  ci>n-.truction.     t  >ii  tlll^ 
last   point   many   engineers  and.  of  course, 
the  deep   waterway  ' 
disagree  with  the  ar. 

the  occasion  nor  iirc  deluiitc  data 
available  fur  discussing  this  Question,  but 
a  brief  review  of  the  engineering  work  is 
pertinent  and  this  we  hope  to  present  in 
an  early  issue. 

The  idea  of  a  Lakes  to  t.iilf  waterway 
is  very  old.  The  first  material  result  was 
the  Illinois  &  MichiLiaii  Cii\il  wliich  »a< 
opened  for  trafSc  in  l.'rl-"'  irom  Bridge- 
port on  the  Chicago  River  to  La  S.ille  on 
the  Illinois  River,  a  distance  of  !)7  miles. 
Sul'scquently  work  was  carried  on  im- 
proving the  Illinois  River  below  La  Salle, 
the  idea  being  to  provide  a  navigable  chan- 
nel 7  ft.  deep  with  locks  and  dams.  Both 
the  State  of  Illinois  and  the  Federal  Gov- 
ernment contributed  to  this  river  work. 
Then  the  Chicago  Drainage  Canal  project 
came  along  and  was  begun  primarily  for 
sanitary  purposes,  but  secondarily  with  the 
idea  of  making  it  a  link  in  a  deep  water- 
way to  the  Gulf.  The  project  for  a  7-ft. 
improvement  of  the  Illinois  River  was 
abandoned  and  the  interests  promoting  it 
declared  themselves  for  a  14-ft.  waterway, 
from  Lockport,  the  terminus  of  the  Drain- 
age Canal,  to  I^  Salle  to  be  Imilt  by  the 
United  States.  Meanwhile  the  Draifuge 
Canal  was  completed,  forming  a  waterway 
22  ft.  deep  and  36  miles  long  from  Lake 
.Michigan. 

In  1002,  as  the  result  of  the  .agitation  for 
the  14-ft.  channel.  Congress  provided  for 
a  board  of  engineers  to  prepare  plans  and 
estimates  of  cost  for  a  14-ft.  channel  from 
Ijickport  to  Grafton  on  the  Mississippi 
UiM-r  Al  Ibe  same  time  it  called  upon 
the   .M  to   fur- 

nish .  '    chan- 

nel from  Graiton  to  it.  Louis.  These 
bodies  reported  results  in  liKV*.  The  re- 
port   proposed    artificial    caiul    and    river 

'traiion  from  I^ockport  to  vJtica,  fl3H 

The  fall  of  VM  ft.  was  to  be  over- 
luim;    by    9    lo. "  "    '  '  '      dams. 

From  I'tica  to  '  it  was 

proposed    to   open    '.. 
Vi>n   it    wide    .-in   til. 

'n   and 
1       The 

tirr.L:..!  ;,  from  Lockport 

I.,  ifr   •  '       '  '■'  plan  of 

the  .M  tor  the 


ficial    work*  comprised  a    CTianom    wicket 

'  "ti    across  the    river  bcluw    the    Alton 

..-e    and  from    the  east    end    of    this 

ii.im  a  c  ■    '   ■■  . 

II     to     Sf 
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')>'    dam  would  be 
would  main- 
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of  this  portion  of  the 


nel. 


The    rep.ri     01     mr     :>-Mr<i     ..i     riiifineers 
which  has  just  been  s'.ibmitte<l  to  Congress 
'    the    imp'  at    St.    Louis 

:cs    it    to    ■  of  the    Mis- 

M-Mpjii      Before  c.  ',  it 

«hosild   be   noted   li  :nois 

through  its  Internal  Improvement  Com- 
mission has  taken  steps  to  construct  as  a 
state  enterprise  a  14-ft.  channel  from 
T      '  ■•.         (JO  miles.     The  general 

wore  outlined  and  dis- 
cussed III  our  II, 
1008,  and  Juti.  -ent 
status  of  the  project  is  this :  1  he  people 
of  Illinois  at  the  November  election  of 
1908  voted  an  amendment  to  the  consti- 
tution authorizing  the  St-*-  ••■  i'sue 
bonds  to  the  amount  of  $  for 
i.m:  at  t!  01  t>"  state 
...  jiict  a.'  bill  was  pre- 
sented !'■ 
for  an  or. 
and  this  bill  failed  of  passage. 

Returning  now  to  the  army  engineers' 
report  submitted  to  Congress  on  June  8: 
Se\.  of  them, 

that  »•»*  •■'• 

jcctetl  as  imp- 
six    plans,    vi 

canalization   with  movable  dams, 
tion   with   fixed   dams,   bteral   c 
combination   of   methods    were   i' 
from  an  engineering  view  point, 
six  practicable  meiho<ls  the  most 
is   considered    to   be    the    "i 
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of  the   ex  '•« 
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This  total  of  $128,000,000  added  to  the 
$:W,000,000  cost  of  the  work  from  Lock- 
port  to  St.  Louis  makes  the  grand  total 
of  $1.58,000,000  for  construction  first  men- 
tioned. 

Specifically  the  studies  briefly  mentioned 
above  for  a  14-ft.  Lakes  to  Gulf  waterway 
seem  to  have  demonstrated  that  such  a 
waterway  is  entirely  feasible  from  an  en- 
gineering point  of  view  and  that  its  cost 
for  construction  alone  will  be  less  than 
$160,000,000.  Incidentally  we  have  the 
opinion  of  the  army  engineers  reviewinq; 
the  plans  that  available  commerce  does 
not  warrant  the  e.xpenditure.  an  opinion 
which,  many  persons  including  engineers 
vigorously    dispute. 


The  Work  of  the  Annual  Convention  of 

the  American  Water-Works 

Association. 

The  29th  .Annual  Convention  of  the 
American  Water  Works  Association  in 
Milwaukee  last  week  was  well  attended 
and  the  waterworks  world  has  now  added 
to  its  best  printed  matter  another  volume 
of  valuable  papers  on  the  construction  and 
operation  of  American  water  works  and 
the  relation  of  public  utility  corporations 
fi>  the  public  they  serve.  The  list  of  pa- 
pers printed  in  another  column  shows  the 
extent  of  the  work  taken  up  and  considered 
by  the  members  and  discussed  in  a  live 
manner  by  those  present.  It  is  an  unusu- 
ally broad  program  and  was  well  carried 
out. 

It  is  noticeable  that  practically  only  one 
paper  dealt  with  construction  work,  where- 
as in  former  years  this  was  a  prominent 
subject.  Where  much  detail  was  gone  int;i 
it  was  along  the  line  of  every  day  opera- 
tion. In  the  discussions  it  was  plain  tliat 
the  interest  of  the  members  lay  least  with 
construction  and  operation,  but  was  strong 
on  questions  of  public  interests  as  affecting 
or  as  affected  by  the  service  rendered  the 
public  by  public  utility  corporations.  That 
is,  the  larger  matters  of  management  are 
at  present  causing  most  trouble  to  the 
water    works    companies    owned    privately. 

It  happens  queerly  enough  that  while 
the  larger  questions  of  management  over- 
shadow at  the  conventions  the  lesser  pa- 
pers on  constructions  and  operation,  in  the 
discussions  the  most  important  fact  brought 
out  was  that  an  intimate  knowledge  of 
methods  and  costs  is  required  when  the 
public  comes  in.  The  papers  calling  out 
the  most  lively  discussion  were  those  on 
the  Wisconsin  L'tility  Law  and  the  mas- 
terly paper  modestly  entitled  "Notes  on 
Going  Value  and  Methods  for  Its  Conipu- 
tion,"  by  Mr,  Alvord.  One  sentence  taken 
from  Mr.  Alvord"s  paper  illustrates  this 
point : 

"Competent  and  experienced  appraiser.^  fa- 
niiliiir  with  tlie  art  of  constructing  and 
operating  water  plants,  and  liaving  wide  ex- 
perience with  varying  conditions,  liave  usu- 
ally agreed  within  quite  reasonable  limits 
in  computing  value."' 


So  that  even  though  the  discussions  may 
be  most  lively  over  the  larger  questions 
of  policy  and  management,  yet  the  knowl- 
edge of  methods  and  costs  so  essential  in 
the  man  who  has  charge  of  large  works 
is.  after  all,  the  determining  factor  when 
questions   of  adjustment   of   interests  arise. 

Common  business  ability  is  sufficient  to 
serve  the  manager,  for  common  business 
ability  presupposes  executive  ability  and 
the  man  who  possesses  executive  ability  of 
the  right  order  is  the  man  who  never 
"butts  in."  Given  a  manager  of  good  ex- 
ecutive ability  and  the  most  cursory 
knowledge  of  water  works  operation  there 
will  be  smooth  sailing  until  the  people 
served  consider  that  some  degree  of  in- 
terest manifested  by  them  might  redound 
til  their  benefit — this  benfit  to  result  in 
lowered  charges  for  service,  better  fire 
protection,  or  municipal  ownership  or  con- 
trol. The  two  latter,  of  course,  are  to  the 
average  citizen  something  that  means  les- 
sened cost  for  service.  At  this  time  tliL 
manager  absolutely  requires  a  man  to  help 
him  who  is  familiar  with  the  art  of  con- 
struction and  operation  and  hayipg  wide 
experience    with    varying   conditions. 

Today  there  is  one  way  to  acquire  this 
wide  experience  that  former  generations 
of  engineering  did  not  have.  The  modern 
engineer  tnust  be  a  reader.  To  his  own 
experience,  wdiich  must  be  necessarily 
more  or  less  restricted,  he  can  add  a 
knowledge  of  the  experience  of  others. 
Within  the  past  few  years  a  new  genera- 
tion of  engineers  has  arisen,  one  that  is 
not  afraid  to  talk  of  and  write  about  the 
little  things  that  concern  them.  The 
courts  have  long  recognized  that  a  man 
who  is  actively  engaged  in  certain  work 
and  is  a  student  of  books  and  papers  deal- 
ing with  that  line  of  work  is  often  better 
as  a  witness  than  a  man  who  tramps  his 
little  circle  of  daily  duties  oblivious  to 
the  experience  of  all  men.  The  American 
Association  of  Water  Works  has  been  one 
of  the  great  improvement  factors  in  water 
works  construction  and  management  in 
this  country.  The  members  today  show 
that  the  modern  engineer  is  developing 
and  can  come  from  the  engine  room  and 
boiler  room  and  pump  house  and  can  climb 
out  of  the  trench  and  doffing  overalls  come 
out  as  a  man  well  qualified  to  discuss  the 
liroader  subjects  affecting  the  interests  of 
the  people.  Yet,  withal,  if  he  does  his 
part  in  the  world  he  cannot  always  dis- 
cuss the  larger  questions,  but  must  be  a 
man  dilligent  in  his  work  and  a  master  of 
the  details  pertaining  to  it.  The  con\en- 
vention  is  his  recreation  from  which  lie 
comes  back  inspired  to  do  better  work 
after  a  little  rest  from  his  labors  and  some 
heartsease  communion  with  his  fellow 
workers  in  distant  places.  Incidentally  such 
conventions,  as  was  particularly  the  case  at 
Milwaukee,  affords  opportunity  through 
the  study  of  manufacturers'  exhibits  to 
keep  posted  on  late  development  in  water- 
works appliances. 


Program  of  the  Annual  Convention  of 
the  American  Water-Works  Associ- 
ation at  Milwaukee. 

A  program  of  32  papers  was  presented 
and  discussed  at  the  annual  convention 
held  at  Milwaukee,  June  7-12,  1909,  by  the 
American  Water-Works  Association.  In 
sticceeding  issues  we  shall  present  digests 
of  a  few  of  the  more  important  of  these 
papers  from  the  points  of  view  of  the 
construction  and  coil  data  engineers.  The 
titles  of  the  papers  presented  and  the 
names  of  their  authors  are  as  follows : 

Some  Suggestions  Relating  to  Uniform- 
ity in  the  .Accounts,  Financial  Reports 
and  Statistics  of  Water  Works,  bv  .\lbert 
H.    Wehr. 

The  Valuation  of  Water  Power  and  the 
Estimation  of  Steam  Diversion  Damages, 
by   Robert   E.   Horton. 

The  Sanitary  Condition  of  the  Southern 
End  of  Lake  INIichigan,  by  J.  Herbert 
Brewster. 

High  Duty  Pumpiup-  Records  at  North 
Point  Pumping  Station.  Milwaukee,  Wis., 
by   Cornelius  T.   Myers. 

Modern  Boiler  Practice,  bv  John  W. 
Hill. 

Municipal  Ownership  in  Edmonton,  by 
A.    Maclean. 

Liability  of  Water  Companies  for  Fire 
Losses,    by    Chester   R.    McFarland. 

Some  Results  Obtained  by  the  Applica- 
tion of  Hypochlorite  of  Lime  on  Mechani- 
cal and  Slow  Sand  Filters  and  the  Method 
of  Controlling  Coagulcnt  and  the  Opera- 
tion of  the  Orifice  Boxes,  by  A.  E.  Walden. 

Water  Softening  or  Purification  and  its 
Saving,  by   M.   Miller. 

Coals  for  Hand-fired  Steam  Plants,  by 
D.   T.   Randall. 

Wisconsin  Public  Utility  Law :  Its  Oper- 
ation and  Results,  by  Charles  B.  Salmon. 

Meters  and  Meter  Rates,  by  W.  Vol- 
hardt. 

Boiler  Equipment,  Practice  and  Results  at 
Pumping  Station,  Water  Department,  Har- 
rishurg.  Pa.,  by  George  G.  Kennedy. 

Boiler-room  Symposium,  by  Jay  M. 
Witham.  Philadelphia. 

The  Boiler  Water,  by  Edward  Bartow. 

Superheating  for  Dutv,  by  E.  H.  Foster. 

The  Sterilization  Plant  of  the  Jersey 
City  Water  Supply  Company  at  Boonton, 
N.  J.,  by  J.  L.  Leal,  A.  M.,  M.  D. 

Description  of  the  Process  and  Plant  of 
the  Jersey  City  Water  Supply  Coiupany 
for  the  Sterilization  of  the  Water  of  the 
Boonton   Reservoir,   by   George   W.    Fuller. 

Description  of  Methods  of  Operation  of 
the  Sterilization  Plant  of  the  jersey  City 
Water  Supply  Company  at  Boonton,  N.  J., 
and  Discussion  of  Results  of  .\nalysis  of 
Raw  and  Treated  Water,  with  Notes  on 
the  Cost  of  the  Treatment,  by  George  .-V. 
Johnson. 

Concrete  in  Water  Works  Construction, 
by  William   Curtiss   Mabec. 

Cheap  Transportation  and  Delivery  of 
Public   Water  Supply,  by  H.  C.  Heermans. 

LTseful  Coniform  .\ccounts  and  Reports 
of  Water-Supply  Systems,  by  L.  G.  Pow- 
ers. 

Tests  of  Modern  High  Duty  Pumping 
Engines  (Crank  and  Fly- Wheel  Type)  with 
and  without  Superheated  Steam,  by  John 
Primrose. 

.\cquisition  by  New  York  City  of  the 
Larger  Two  Water  Systems  of  Staten  Is- 
land, by  Louis  L.  Tribus,  M.  .\m.  Soc.  C.  E. 

Water  Supply  and  Treatment  for  Power 
Plant   Purposes,  by   William   Miller  Booth. 

The  Purchase  of  Coal  upon  a  Heat  Value 
Contract,  by   Edward   H.   Taylor. 
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Concrclc  and   Reinforced  Concrete  Section 


Note: — This  section  Is  dc\uU'd  to  mi-lhtxls  and  cost  of  conslructinK  concrete 
and  reinforced  concrete  structures.  It  Hill  co%er  the  selection,  teslinic  and 
propiirlioninK  o(  concrete  miileriaU;  laboratory  tests  of  concrete:  concrete 
iiii\iiit:,  lraii«porlalion  nnJ  placini; :  fabrication  and  placing;  o(  reinforcenient, 
and  lorni  coii>(rui.(ion  and  erection.  It  »itl  aKo  i.<>nlain  article%  on  new  and 
interc>linK  deNeltipinciit>  in  the  de>ii:n   of   reinlon-ed  lonLrele. 


Method  of  Constructing  Concrete  Abut- 
ments on  Concrete  Cylinders  for  a 
Skew  Bridge  Across  the  North 
Shore    Channel    of    the 
Sanitary  District  of 
Chicago. 

There  arc  'S-^  bri(l^;^  ^  lo  he  Imilt  in  con- 
sinirtiMK  the    North    Shore  channel   of  the 
SanitiirN    District    of    Chicago.      Three    of 
these    liriilyis    arc    to    Inr    railway    bri  '. 
and     the     snti'triictnre     of     one     ol 
bridRe*.    the    one    carrying    the    track-      ■! 


"'I  per  cent  in'ades  and  with  the  di 
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Fig.  1.     Plan  of  Crossing  of  North  Shore  Channel  and  Chicago  A  Northwestern    Ry. 


the    Mayiair    cut-off    of    the    Chicago    & 
Northwestern   Ry.,  over  the  channel,  is  the 
subject    of   this   article.     Thi5    substructure 
is  unusual  in  several  particulars.  The  lonj; 
abutments    in.vlc    necessary    liv    the    skew 
cro-siiiu  (if  tile  ch.ituul  ami        '        >     -     > 
are  supported  •■ii  ciuntc  > 
l)c<l    rock   and    riinior* nl :    :; 
toe    of    each    aluitiiicni    a    \irth.il    .'.ii.  r.n- 
apron    wall    e.\teiui>    il^iwu    t^i   .i    I'm  1    wll 
below    the    bottom    oi    the    channel;     the>e 
apron    walls   are   braced   apart    by   cnncrcle 
struts    extending    acrfis>    the    ihannel    Hush 
with  its  iKJttoni.     These  details  will  be  re- 
ferred to  nmrc  particularly   lurtbi'r  on 

The    bridne    will    be    a    deck    lirid^ 
l>alla>te  I   ll(>"r,  constructed   t"   ■■  ■• 
railway  tracks,  acmss    the    chai 
acute    anRlr.      It    "■''    r..n,i-i 
plate  girder*  cxt. 
the   channel   at    n. 
between    the    Kirdcrs.       I  he    >Uar 
der  the  bridue  between  lioti  'in-. 
and    normal    hydraulic    Kradc    line    o|    the 
water  surface  in  the  channel  i-.  Ii>  ft.    This 
necessitates    clevatinR    the    ;'      ■  '    '  ■'■ 
track-    some    7*^    It.    at    tli' 
elevation,  with   the  iiu-Iiui- ' 
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at  considerable  depths  hardpan  or  ledge 
rock,  which  arc  essentially  the  conditions 
in  Chicago  where  concrete  cylinder  foun- 
dations have  proved  economical  and  suc- 
cessful. 


Chain  Belt  elevating  charging  hopper 
which  when  lowered  received  the  bar- 
row loads  from  ground  level  and  made  in- 
clines" and  staging  unnecessary.  The  ele- 
vating charging  hopper  held  a  full  batch  of 


set  hard  the  top  surface  was  bush  ham- 
mered and  cleaned  and  a  layer  of  mortar 
was  spread  on  it  before  adding  fresh  con- 
crete. Ordinarily  the  concrete  was  depos- 
ited by  a  free  fall  from  the  mouth  of  the 


Fig.  2.      Details  of  Concrete  Abutments   for    Chic2go    &    Northwestern    Ry.    Bridge    Across    North    Shore   Channel. 


The  cylinders  were  built  by  excavating 
a  circular  pit  by  hand  and  curbing  it  with 
wooden  staves  as  it  deepened.  A  timber 
horse,  carrying  a  hand  windlass  as  shown 
by  Fig.  3.  was  set  over  each  pit  to  hoist 
out  the  excavated  material  in  metal  tubs. 
The  lagging  used  consists  of  yellow  pine 
staves  0  ft.  long  of  2x6-in.  lumber  sur- 
faced on  the  inside,  with  edges  cut  radially 
and  tongued  and  grooved.  There- 
fore the  excavation  proceeded  to  a  depth 
of  5  ft.,  when  a  ring  of  lagging  was 
placed,  and  so  on  repeatedly.  To  hold  the 
lagging  in  place  against  the  pit  walls  in- 
side steel  strap  hoops  or  rings  were  used. 
For  the  4-ft.  cylinders  the  section  of  the 
ring  was  ■2%x%  ins.,  and  for  the  5-ft. 
cylinders  it  was  ,3x^  ins.  Two  rings  were 
used  for  each  5-ft.  section  of  lagging  and 
each  ring  was  made  in  two  pieces  with 
ends  bent  in  to  form  lugs  for  bolting.  In 
excavating,  1  man  worked  in  the  pit,  2 
men  at  the  windlass  and  1  man  clearing 
away  the  dumped  soil.  The  arrangement 
of  horses,  platform,  etc.,  is  clearly  shown 
by  Fig.  3.  Figure  4  is  another  view  of  the 
w-ork  showing  the  soil  from  the  pits  and 
the  Paige  power  drag  scraper  excavator 
which  is  making  the  general  excavations 
for  the  foundation. 

For  filling  the  cylinders  or  wells  No.  1 
concrete  was  used.  This  was  mixed  wet 
enough  to  flow  readily  around  the  rein- 
forcing metal  and  close  against  the 
lagging.  The  mixing  was  done  in  a  batch 
mixer  made  by  the  Chain  Belt  Co.,  of 
Milwaukee,  Wis.  As  shown  by  Figs.  3 
and  4  the  mixer  was  located  on  the  bank 
above  the  cylinder  pits  and  discharged  di- 
rectly into  a  chute  leading  into  the  pit 
tops.  The  stock  piles  were  on  the  bank 
adjacent  to  the  mixer  and  stone  and  sand 
were  wheeled  from  piles  to  mi.xer.  The 
mi.xer    was    equipped    with    the    Standard 


materials    and    charged    the    mixer    in    full 
batch   units. 

The  constructing  of  each  cylinder  was 
made  a  continuous  process.  When  this 
continuity    had    to    be    interrupted    special 


chute  at  the  top  of  the  cylinder  pit. 

.■\s  stated  above,  the  contract  price  for 
concrete  in  cylinders  was  5"2  cts.  per  cu.  ft. 
or  $14.04  per  cu.  yd.  This  price  included 
excavation,    curbing   and    all    materials,    la- 


Fig.  3.     View   Showing   Method   of  Digging  Wells  and  Concreting  Cylinders. 

methods  were  adopted,  as  follows  :  If  the  bor,  plant  and  tool  charges,  etc..  incurred 
concrete  had  only  partially  set  before  re-  in  the  cylinder  construction  except  the  re- 
sumption of  work,  the  first  2  ft.  depth  of  inforcement.  which  was  contracted  for  at 
new  concrete  was  lowered  in  buckets  and  a  separate  price  of  2%  cts.  per  lb.  For  a 
carefully    spread ;    if   the   old    concrete   had  further   description   of  cylinder   foundation 
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surrounded  with  mortar  of  the  quality 
used  in  concrete,  sufficient  in  amounts  to 
thoroughly  cover  all  surfaces  of  the  bars 
and  insure  perfect  contact  therewith."  Tlie 
form  work  require<l  corresponds  to  usual 
good  practice.  The  followinR  suggestions 
for  tieing  forms  arc  Riven : 


Method  of  Constructing  a  Concrete 
Mass  and  Blockwotk  Quay  Wall  at 
Portland  Harbor,  England,  With 
General  Costs  aiul  Some  Comments 
on   Concrete   Work   in  Sea  Water.* 
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Fig.  3.     General    View      of      Excavation    Showing   Paige  Scraper   Bucket    t«cavator. 


If  tU-  roilB  art-  iiscil  Ihey  ahull  he  so  ilo- 
alsncfl  I  hat  no  Ironwork  will  bo  left  outiiUlir 
of  thn  concrete,  or  within  le»ii  than  ::  lim. 
from  the  fnoe  of  the  winic  when  th«  foriiiM 
are  rvmovoJ.  Thl»  may  be  iii<  (iinpllnhi'J  l>y 
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removal  of  the  proJoolliiK  ' H'Im  of  Uilli  or 
rodji.  fte.,  IdivlnK  only  miiuM  hiileii  In  the 
conercli'.  which  ean  b<-  Htopin  ,1  uilli  iiolnlInK 
morinr  after  rcmovlnis  Iht?  forms.  Anolh' ■ 
HntlKfaotury  inolhod  of  lirttclng  fnriim  U  1 
conalruel  them  with  ororM  tieii  !.■ 
front  and  Imck.  theae  il<»  lo  I" 
fr<-<|iii-nl  liilervalH  iil»"ii  tin-  lin>  •  1  i.  ■■  m.ii 
of  Ihv  form,  ami  t"  I"-  i-ni'ivcd  im  ilie  oon- 
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maiionry,  and  ot   leniit  one  ■cl  «(   tl«»  bsliiii 
used  atiove  thin  level. 

l-"or  the  information  from  which  this 
description  has  t>ecn  prepared  we  arc  in- 
debted to  the  contractor,  J  T.  I'',imiiiiK 
&  Co ,  Chicago,  III.,  and  particularly  to  the 
ennineors  of  the  Sanii.iry  l»i<tn 
cago:  <i.  M.  Wisiur,  M  .\ni.  " 
Chief  l-jigineer:  L.  K  .Sherman.  \--.-.  ..  . 
Engineer,  and  C.  K.  Dart.  Hntlgc  Engineer. 
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of  each  section  to  guide  the  cranenian  in 
depositing  the  concrete. 

In  order  to  set  out  the  line  of  the  work 
a  barge  was  securely  moored  over  the 
work,  so  as  to  practically  eliminate  move- 
ment, and  the  line  was  given  by  a  transit 
from  fixed  points  on  shore.  A  30-lb.  plumb- 
bob,  suspended  by  thin  piano  wire,  was 
used  to  continue  the  line  from  the  point 
on  the  barge  down  to  the  diver.  This 
method  proved  to  be  quite  satisfactory  in 
ordinary  weather,  .\fterwards,  when  the 
gantry  was  erected,  line  was  given  from 
the  overhanging  boom  of  the  blocksetting 
cranes. 

In  the  lower  part  of  the  work  the  divers 
experienced  some  difficulty  from  the  par- 
tial darkness  in  the  foundation  trench  and 
the  cement  particles  floating  in  the  water 
which  obstructed  the  light.  Electric  lights 
under  water  were  tried  to  overcome  this 
difficulty,  but  were  not  very  successful, 
and  were  abandoned  by  the  divers  when 
they  had  accustomed  themselves  to  the  lay- 
out of  the  work.  When  a  100-ft.  length  of 
the  bottom  4  ft.  layer  had  been  put  in, 
the  shuttering  was  stripped,  the  trench 
filled  in  with  stone  to  the  level  of  the  top 
of  the  concrete,  and  the  shuttering  reset 
for  another  layer. 

As  soon  as  the  blockwork  level  was 
reached,  the  concrete  was  levelled  off  to 
receive  the  blocks  and  careful  line  and 
level  given  from  the  gantry,  which  was 
erected  as  soon  as  the  trench  behind  the 
wall    had    been    filled    up. 

.\  light  section  steel  rail  was  used  by 
the  diver  to  level  off  the  concrete  for  the 
blocks.  The  temporary  block-setting  crane, 
to  be  described  later,  was  then  erected, 
and  a  length  of  the  first  row  of  blocks 
set  and  backed  up  with  mass-concrete. 
Wrought  iron  skips,  containing  1  cu.  yd. 
of  concrete,  the  bottoins  of  which  opened 
automatically,  were  used  to  deposit  the  con- 
crete. 

The.  same  class  of  shuttering  was  used 
for  the  back  of  the  wall  under  water  as 
for  the  foundation  work,  but  slightly  modi- 
fied to  enable  it  to  be  attached  to  the 
crane  gantry  piles  for  support.  The  tneth- 
od  employed  was  simple  and  satisfactory, 
and  is  shown  on  the  drawing. 

The  blocks  were  laid  with  dry  joints, 
Flemish  bond,  and  bonded  in  addition  with 
r2-in.  diameter  concrete-in-bag  joggles. 
The  top  of  the  masswork  backing  was  lev- 
eled off  sufficiently  wide  to  take  the  next 
course  of  blocks.  The  blocks  were  easily 
handled  by  the  divers,  the  cranes  work- 
ing smoothly  by  means  of  an  arranged 
code   of   signals. 

A  force  of  12  divers  was  kept  going,  the 
foreman  diver  and  an  assistant  setting  the 
blocks,  and  the  others  setting  and  strip- 
ping shuttering  and  erecting  the  gantry, 
the  two  mixers  following  up  with  the  mass- 
concrete.  The  divers  were  housed  in 
boats,  with  plenty  of  room  in  them  for 
small  stores. 

Much  e.xpense  was  saved  in  the  purcliase 
of  new  diving  suits  by  the  employment  of  a 
skilled  repairer.  Many  divers  insist  on 
throwing  away,  as  unsafe,  dresses  which 
have  become  frayed  and  leaky.  This  soon 
happens  to  the  exposed  parts  of  the  dress 
on  work  where  blocks  and  timber  have  to 
be  pushed  around,  and  this  renewal,  on  a 
work  of  any  magnitude,  adds  considerably 
to  the  labor  cost.  Rubber  and  jute  canvas 
patches  can  easily  be  put  on  the  dresses 
with  repairing  solution.  A  good  plan  is 
to  cover  the  tnore  exposed  parts  of  a  new 
dress  with  protecting  patches  of  this  ma- 
terial, and  renew  them,  before  the  dress  it- 
self is  attacked.  Detachable  guards  are 
sometimes  used,  but  are  troublesome  to 
the  wearer,  as  the  addition  of  anv  unneces- 


sary equipment  outside  of  the  ballast,  pip- 
ing and  signal  lines,  hinder  free  move- 
ment, and,  of  course  reduces  the  work- 
ing efficiency  of  the  diver  and  adds  to  the 
cost  of  the   work. 

In  work  which  is  difficult  of  access  the 
fewer  lines  a  diver  has  to  look  after  the 
better.  The  more  common  accident  hap- 
pens through  a  diver  getting  his  equip- 
ment mixed  up  and  being  unable  to  ex- 
tricate himself.  Each  diver  should  have 
an  intelligent  attendant  who  can  see  ahead 
and  get  the  materials,  tools,  etc.,  on  the 
spot  at  the  right  moinent,  and  so  avoid  de- 
lays and  the  necessity  of  the  diver's  ascent 
to  give  verbal  instructions.  Much  of  the 
often  abnormally  high  cost  of  diver  con- 
struction is  caused  by  the  lack  of  system. 
A  portable  telephone  is  a  very  useful  ad- 
junct, but  is  a  convenience  more  than  a 
necessity  to  the   work. 

The  concrete  in  the  wall  varied  in  its 
proportion  to  suit  the  position  and  expos- 
ure in  the  work,  from  that  of  1  part  Port- 
land cement  to  -5  parts  of  aggregate  in  the 
foundation  and  masswork  behind  the  block- 
work,  to  1  to  6  in  the  blocks  and  above- 
water  work. 

Stone  broken  in  the  works  quarries  by 
a  crusher  plant,  sand  brought  by  rail,  and 
sea  sand  and  shingle  from  the  Isle  of 
Wight  were  used.  The  average  cost  per 
cubic  yard  of  concrete  in  the  wall  was 
about  $5.00  for  materials  and  labor.  The 
average  output  of  the  mixers  was  80  cu. 
yds.  each  per  day,  but  their  output  was 
limited  by  difficulties  inseparable  from  di- 
ver work.  The  cost  of  the  wall  was  ap- 
proximately $500  per  foot  run  contract 
price. 

For  the  purpose  of  comparison  with 
•American  work,  the  following  labor  and 
material  costs  are  given.  They  are  much 
lower  than  on  this  side,  owing  to  the  dif- 
ferent standard  and  cost  of  living: 

Diver.  50  cts.  per  hour. 

Divers'   crew,    3  men.   10   cts.   per  hour. 

Carpenters,    16    cts.    per   hour. 

Crane  c^nd  mixer  drivers,   14   cts.   per  iiour 

Ordinary  labor.    10   cts.   per  liour. 

Cement.    $7.65  per  ton,   delivered. 

Mixed  sea  sand  and  shingle,  S4  cts.  per 
cubic   yard. 

Sand.  $1.50  per  cubic  yard. 

Broken  stone,  65  cts.  (exclusive  of  plant) 
per  cubic  yard. 

Granite  chippings.  $1.20  per  ton  of  22  ft. 
delivered. 

Timber  for  shuttering,   $20  per  thousand. 

The  shuttering  was  repaired  and  re-used 
as  often  as  possible.  The  costs  for  shut- 
tering was  about  12  cts.  per  sq.  ft.  of  un- 
derwater wall  surface,  and  about  9  cts.  per 
sq.  ft.  for  above-water  work.  This  lat- 
ter may  seem  high  when  diver  and  car- 
penter costs  are  compared,  but  is  due  to 
the  smaller  section  of  the  wall  above  water. 

When  the  last  exposed  course  of  blocks 
was  set,  they  were  carefully  aligned,  any 
error  being  adjusted.  A  complete  120  ft. 
length  of  shuttering  for  the  work  above 
block  level  was  made  in  20  ft.  x  4  ft.  mov- 
able panels,  double  braced  in  front,  and 
made  in  panels  to  suit  the  counterforts  in 
the  wall  behind,  all  held  together  by  1-in. 
diameter  bolts  and  braced  with  removable 
struts  of  4x2-in.  stuff  inside.  Coach 
screws  from  the  outside  were  used  to  se- 
cure the  lagging  to  avoid  bolt  heads  in 
the  wall  face  of  the  shuttering. 

The  shuttering  for  the  first  layer  aliove 
blocklevel  was  placed  in  position  on  the 
ebb  tide  and  at  once  concreted  up.  The 
existence  of  the  counterforts  provided  as- 
sistance in  studying  the  shuttering  and  pre- 
venting movement.  The  shuttering  was 
then  placed  in  position  to  quay  level  and 
foundation  bolts,  etc..  set  in  position  and 
concreted  up. 

It  will  be  noted  from  the  drawing  that 
the  shuttering  for  the  back  of  the  wall  be- 


low the  water  line  was  attached  to  the 
crane  gantry  uprights.  It  was  not  possi- 
ble to  do  this  for  the  upper  exposed  work, 
as  the  gantry,  although  very  steady  for  a 
temporary  structure,  vibrated  sufficiently 
to  have  injured  the  alignment  of  the  wall 
where  it  showed  above  the  water  line,  al- 
though this  movement  was  of  no  account 
lower  down  behind  the  wall. 

The  upper  course  of  blocks,  coming  as 
it  did  well  clear  of  the  low  water  line,  en- 
abled the  most  difficult  part  of  such  work, 
namely,  that  around  the  low  water  line,  to 
be  done  easily  on  the  ebb,  the  2  ft.  or  so  of 
a  fall  and  rise  of  the  water  below  the 
block  line  giving  sufficient  time  to  con- 
crete up  ahead  of  the  incoming  tide.  Care 
was  taken  to  make  the  shutters  as  nearly 
watertight  as  possible  at  this  part  to  pre- 
vent the  sea  from  sucking  out  the  green 
concrete  and  pitting  the  face  of  the  wall. 

The  lower  layer  of  shutters  was  weight- 
ed down  with  rails  to  prevent  flotation 
when  the  concrete  was  still  new,  and  no- 
trouble  at  all  was  experienced  from  move- 
ment of  this  part  of  the   shuttering. 

The  lagging  for  the  shutters  was  of  pine, 
special  care  being  taken  to  carefully  plane 
and  align  the  exposed  face.  The  whole 
surface  of  the  shuttering  was  well  rubbed 
with  a  coating  of  soft  soap  to  prevent  ad- 
hesion of  the  concrete.  The  tie  bolts  were 
well  oiled,  and  were  slightly  drifted  after 
the  concrete  had  partially  set  to  loosen 
them  from  the  concrete  and  facilitate  their 
removal.  By  this  means  they  were  removed 
and  re-used  without  injury  to  the  wall. 

Tlie  concreting  progressed  continuously 
with  but  few  delays,  the  lower  panels  be- 
ing removed  after  three  days,  reset  on  a 
new  length,  and  replaned  where  any  slight 
warping  of  the  face  had  taken  place.  A 
very  good  surface  was  thus  obtained.  Un- 
fortunately for  the  use  of  wood  lagging, 
the  warping  takes  place  shortly  after  the 
concrete  is  placed  in  position,  and  while 
it  is  yet  green  enough  to  take  the  impres- 
sion of  the  swollen  joints.  A  thin  covering 
of  steel  plate  on  the  face  of  the  lagging, 
the  joints  of  which  should  be  left  slightly 
open  to  provide  for  swelling  of  the  tim- 
ber, overcomes  this  trouble  where  a  per- 
fect concrete  surface  is  a  desideratum 
without  resorting  to  plastering  or  .  acid 
treatment,  .\ll-steel  shutters  are  not  suffi- 
Icietitly  resilient  for  ,sea  work ;  lacking 
resilience  they  have  to  be  made  unreason- 
al)ly  heavy  and  costly  to  resist  the  rough 
liandling   they    hav-e    to    undergo. 

The  writer  has  seen  massive  shutters 
used  in  breakwater  construction,  braced 
with  steel  T's,  irreparably  twisted  out  of 
recognition,  whereas  all  timber  shutters, 
though  perhaps  badly  damaged,  could,  at 
least,  be  repaired  and  re-used. 

The  exposed  facing  of  this  wall,  con- 
sisting of  1  part  cement  and  8  parts  gran- 
it  clippings,  was  deposited  simultaneously 
with  the  backing  to  form  a  homo.genious 
mass,  the  facing  during  placing  being  kept 
separate  from  the  poorer  quality  concrete 
behind  by  a  6-ft.  x  1-ft.  steel  plate,  with 
handles  on  one  edge,  and  held  the  neces- 
sary distance  from  the  face  of  the  wall  by 
thin  plates  rivetted  on  the  face.  One  man 
moved  this  plate  up  as  the  work  progressed, 
and  deposited  and  carefully  rammed  the 
facing  material,  and  the  result,  with  care- 
ful shutter  repairs,  and  the  liberal  use  of 
the    soft   soap,   was   very   satisfactory. 

The  small  ratio  of  width  to  total  height 
is  a  feature  in  this  wall,  particularly  no- 
ticeable at  the  lower  block  line,  and  also 
the  great  height  of  the  vertical  back  of 
the  wall,  totaling  68  ft.,  dift'ering  from  the 
usual  conception  of  a  non-reinforced  quay 
wall  in  British  practice,  in  that  the  usuaf 
series   of  offsets  or  steps  are  omitted. 
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up  unnecessarily.  Of  course  a  small  per- 
centage of  cement  was  unavoidably  lost, 
but  with  careful  manipulation  of  the  depos- 
iting skips  the  amount  was  negligible.  Af- 
ter each  layer  had  set,  and  before  an- 
other was  deposited  on  ton  of  it,  the  whole 
surface  was  brushed  and  cleaned.  From 
2  to  3  ins.  of  slime,  precipitated  by  the  ac- 
tion of  the  cement  on  the  sea  water,  al- 
ways accumulated  on  the  wall  under  water 
after  concreting.  Failure  to  remove  this 
deposit  on  the  concrete  in  sea  water  has 
been  the  fruitful  cause  of  wall  failures. 
The  cement  particles  in  green  concrete 
coming  into  contact  with  the  sea  water 
produce  a  chemical  change  in  the  cement 
and  precipitates  magnesia   from  the  water. 

This  process  takes  place  most  easily  be- 
fore the  concrete  has  set,  and  to  a  lesser 
degree  after  it  has  set.  In  sea  water  con- 
crete which  has  not  set  should,  therefore, 
be  protected  until  the  cement  has  had  time 
to  crystallize  and  set,  and  the  part  of  a  wall 
where  work  has  been  left  off  under  water 
and  another  layer  has  to  be  placed  later, 
should  be  thoroughly  scrubbed  with  wire 
brushes  to  remove  any  particles  of  the  ce- 
ment which  have  been  damaged  by  con- 
tact with  the  sea  water  in  an  unset  state. 
The  particles  in  most  hydraulic  cements 
develop  a  certain  amount  of  heat  during 
the  process  of  hydration,  and  tend  to  rise 
like  an  effervescence  from  the  surface  of 
the  wall.  It  can  be  readily  understood  that 
the  process  of  depositing  and  levelling  con- 
crete in  the  water  aggravates  the  deposit 
of  this  precipitate.  Possibly  the  fact  that 
the  geological  formation  of  this  particular 
district  is  of  limestone  and  chalk,  and  con- 
sequent impregnation  of  the  sea  water  may 
account  for  the  unusually  large  amount  of 
the  precipitate  in  this  particular  case.  The 
writer  simply  states  the  case  as  he  per- 
sonally observed  it.  The  writer  dried  and 
tested  this  slime  and  found  it  to  have  ab- 
solutely no  setting  properties  whatever, 
simply  drying  up  into  a  fine  powder  when 
mixed  into  testing  blocks,  so  that  its  in- 
troduction in  the  wall  in  layers  would  have 
prevented  bond  and  made  a  horizontal  joint 
of  non-cementing  material,  probably  half 
an  inch  thick  when  compressed  right 
through  the  wall  at  every  four-foot  layer, 
which  would  have  caused  lateral  weakness 
in  the  wall,  .\lthough  this  is  a  gravity 
wall,  and  is  calculated  to  have  sufficient 
deadweight  to  resist  lateral  thrust,  never- 
theless the  introduction  of  what  would 
liave  been  a  series  of  joints  on  the  tension 
face  of  a  comparatively  thin  wall  like  this 
would  not  in  view  of  mooring  stresses  have 
teen  a  desirable  feature,  although  dry 
joints  in  the  blockwork  face  do  not  mat- 
ter, as  they  are  under  compression  on  that 
side  of  the  wall. 

The  writer  is  of  opinion  that  many  cases 
of  failure  of  concrete  in  the  sea  are  due 
to  a  hot  cement  being  used  which  swells 
during  the  process  of  hydration  and  set- 
ting in  the  work,  producing  holes  and 
•cracks  which  remain  in  the  work  after  hy- 
dration is  complete.  These  afterwards  fill 
up  with  this  same  precipitate  deposited  by 
the  salt  water  action  on  the  cement,  which, 
having  no  cementing  value,  rots  away  the 
wall,  and  the  latter  finally  bursts  off  in 
large  pieces.  The  writer  has  examined 
walls  where  pieces  have  broken  away  in 
this  manner,  and  has  detected  the  pres- 
ence of  a  coating  of  this  slimy  material 
in  the  cracks.  If  the  wall  were  perfectly 
solid  the  sea  water  could  not  find  its  way 
in  and  so  cause  this  material  to  be  de- 
posited. The  same  occurrence  in  a  milder 
form  is  to  be  seen  in  the  efflorescence, 
which  shows  on  ordinary .  concrete  build- 
ings in  the  form  of  white  blotches  and 
.■streaks  of  powdery  material.  A  concrete 
-which  is  not  solid,  and  allows  the  water  to 


freeze  and  expand  in  the  cracks,  is  also 
undoubtedly  the  cause  of  failure  of  con- 
crete in  many  cases,  in  water  subject  to 
frost    and   variations   of   water   level. 

The  use  of  too  much  neat  cement  on 
the  surface  of  a  wall  also  tends,  from  the 
different  e.xposure  and  ratio  of  expansion 
and  contraction  it  bears  to  the  inner  con- 
crete where  more  aggregate  is  used,  to 
scale  off  the  outer  layer  and  produce  hair 
cracks. 

To  avoid  this  particular  defect  on  the 
face  of  a  wall,  the  aggregate  should  be 
worked  out  against  the  shuttering  and  the 
wall  covered  with  damp  sacking  while  the 
concrete   is   maturing. 

One  insuperable  difficulty  in  mass  con- 
crete in  water  with  variations  in  level 
caused  by  the  tide  is  the  difference  in  the 
expansion  and  contraction  of  the  concrete 
above  water  and  that  under  the  water. 
Blockwork  is  not  so  much  affected  by  this 
as  the  joints  allow  free  movement.  The 
constantly  alternating  water  levels  and  con- 
sequent changes  in  expansion  and  contrac- 
tion of  the  material  in  the  wall  is  very 
trying  to  good  work,  and  soon  shows  its 
effect  on  poor  concrete  around  the  water 
line,  and  when  this  is  coupled  with  any  of 
the  above-mentioned  causes  of  decay,  soon 
results   in   total    failure. 

A  breakwater  in  Scotland,  of  which  the 
writer  has  knowledge,  having  been  engaged 
upon  it  on  extension  work,  built  in  the 
pioneer  days  of  concrete  in  sea  work,  pre- 
sents an  appearance  which  clearly  indicates 
a  failure  to  appreciate  the  importance  of 
thorough  aeration  of  the  cement  and  re- 
moval of  the  salt  water — cement  precipi- 
tate from  the  top  of  the  layers  as  deposit- 
ed, and  has  been  the  immediate  cause  of 
numerous  and  costly  repairs.  At  that  pe- 
riod, of  course,  concrete  in  sea  water  was 
in  a  more  experimental  stage,  and  many, 
though  not  all,  of  the  difficulties  then  en- 
countered, both  in  t!ie  chemical  composi- 
tion and  constructural  use  of  cement  for 
sea  work,  have  been  overcome.  This  break- 
water shows  joints  of  soft  material,  pre- 
sumably this  same  precipitate,  at  every 
place  where  concreting  had  been  stopped, 
and  innumerable  small  hair  cracks  and 
holes  in  the  body  of  the  wall,  filled  with 
the  same  material.  It  has  also,  in  parts 
a  spongy  appearance,  even  where  it  is  nci 
exposed  to  wave  action,  which  indicates  a 
tendency  for  the  cementing  material  to 
gradually  eat  away.  This  is  the  case  in 
these  earlier  works,  and  age  only  can 
prove  whether  modern  works  will  outlast 
this  trouble,  which  would  seem  to  be  a 
gradual  decomposition  induced  chemically. 
Vibration  in  the  concrete,  caused  by  the 
continual  pounding  from  waves,  might 
cause  fatigue  and  consequent  failure  of  the 
cementing  material  in  a  wall  exposed  to 
wave  action,  and  has  done  so,  but  could 
not  be  the  cause  with  sheltered  work. 

Perhaps  we  expect  too  much  of  nature 
when  we  think  that  our  building  materials 
are  too   short  lived. 

The  every-day  process  of  weathering-  and 
leveling  down  of  rocks  and  all  forms  of 
erosion  indicate  that  it  is  somewhat  vain 
on  the  part  of  any  man  to  hope  to  produce 
an  everlasting  material,  a  thing  which  is 
not  found  even  in  nature  itself.  The  only 
thing  we  can  do  is  to  use  those  which  last 
the  longest  and   then   replace  them. 

Many  failures  are  traceable  to  some  de- 
parture from  the  strict  wording  of  the 
cement  specifications  on  the  part  of  the 
makers  or  the  use  of  hot  or  dead  cement. 

The  writer  does  not  propose  to  wander 
into  the  realms  of  chemical  science  rela- 
ting to  the  compositions  of  cements  suit- 
able for  salt  water,  but  from  personal 
experience  he  would  advocate  the  use  of 
a    first-class    brand    of    Portland    cement. 


with  rigid  and  unbending  inspection  as  to 
its  guaranteed  chemical  constituents,  age, 
tensile  strength,  fineness  of  grinding  and 
calcination.  Manufacturers,  and  especial- 
ly middlemen,  are  occasionally  not  averse 
to  rushing  in  a  few  carloads  of  insuffi- 
ciently calcined  and  aerated  cement,  under 
pressure  of  output,  or  to  dump  a  few  loads 
of  a  dead  cement  in  sufficient  quantity  to 
ruin  a  wall  and  trust  to  having  it  accepted 
in  the  rush  of  the  work.  Several  hun- 
dreds of  tons  of  cement,  which  many  users 
would  have  accepted  without  remarks, 
were  very  rightly  rejected  on  this  work, 
although  the  concern  supplying  the  cement 
was  of  a  highly  reputable  standing  in  the 
trade.  All  cement  should  be  shipped  di- 
rect from  the  factory  to  the  site  to  insure 
actual  delivery  of  the  proper  article  or- 
dered, and  should  be  carefully  stored  on 
delivery.  Attention  to  these  practical  de- 
tails is  essential  in  order  to  insure  good 
work.  Some  users  accept  cement  which 
has  been  peddled  and  rejected  around  the 
country,  and  throw  it  around  in  sacks  on 
the  work  in  all  weathers,  and  innocently 
wonder  what  can  be  wrong  with  it  when 
the  concrete  shows  signs  of  early  decay, 
when  their  own  treatment  of  it  has  prob- 
ably been  the  cause. 

-A.  cement  which  requires  to  be  aerated 
before  use,  or  one  which  is  partially  hydra- 
ted,  and  so  rendered  practically  valueless 
as  a  cement,  should  be  rejected  without 
compromise.  Its  acceptance  tends  to  en- 
courage general  laxness  in  manufacture 
and   distribution. 

.\  cement  which  begins  to  set  before  the 
concrete  can  be  deposited  and  rammed  in 
position,  ought  to  be  avoided.  Not  only 
do  the  set  particles  lose  their  cementing 
power  when  moved  during  placing  in  po- 
sition, but  many  of  these  cements,  with 
a  high  initial  setting  strength  and  speed, 
afterwards  deteriorate  in  strength.  An  or- 
dinary Portland  cement  concrete  should 
not  set  very  much  under  half  an  hour, 
giving   ample  time   to   deposit   it. 

At  Portland  the  temperature  is  never 
sufficiently  low  to  cause  freezing,  sufficient 
to  affect  concrete  exposed  to  tidal  action 
in  sea  water,  but  the  writer  has  seen  cases 
where  the  alternate  wetting  and  drying  of 
sea  walls,  and  consequent  freezing  of  the 
concrete  around  the  water  line,  have 
caused  the  concrete  to  scale  and  burst  oft' 
in  large  pieces,  presenting  a  very  unsightly 
appearance.  Breakwaters  which  are  wetted 
by  spray  or  waves  above  the  water  line 
also  sometimes  present  this  appearance 
when  subjected  to  frost.  Probably  the  in- 
troduction of  some  waterproofing  material 
in  the  outer  facing  of  a  concrete  wall 
would  improve  matters,  but  although  sev- 
eral compositions  are  on  the  market,  the 
writer  is  not  aware  of  any  case  where 
waterproofing  of  concrete  has  been  tried 
successfully  in  sea  water,  if  at  all  neces- 
sary. Proper  protection  of  the  face  of  a 
quay  wall  from  damage  by  shipping  is 
very  desirable,  as  it  is  a  difficult  and  costly 
operation   to   repair   it   effectively. 

The  stone  and  sand  aggregate  in  a  con- 
crete ought  to  be  clean  and  sharp.  Neither 
the  stone  or  sand  particles  should  be  loo 
uniform  in   size. 

A  sand,  the  grains  of  which  varv  in 
size,  makes  a  more  solid  concrete,  and  this 
also  applies  to  the  stone,  because  the  small- 
er pieces  fill  up  the  interstices  in  the  larger. 
Where  no  artificial  coloring  is  used,  it  is 
necessary  to  use  concrete  materials  of  a 
uniform  color  if  evenness  of  finish  is  de- 
sired. Nothing  looks  worse  on  a  concrete 
wall  than  a  patchy  appearance,  caused  by 
using  different  makes  of  cement  and 
changing  the   aggregate. 

For  the  manufacture  of  the  concrete  fa- 
cing blocks  of  this  wall,  a  blockvard  was 
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men,  and  also  witli  tlie  working  of  some 
kinds  of  trench  excavating  machines,  gen- 
erally making  necessary  the  lining  of  the 
trench  with  sheeting,  and  also  the  pnmp- 
ing  out  of  the  water. 

To  e.xcavate  such  trenches  two  distinct 
methods  can  be  used.  The  first  method  is 
to  unwater  the  trench  and  ground  and  do 
the  e.Kcavation  in  the  dry.  The  other 
method  is  to  pump  in  additional  water  and 
then  e.xcavate  the  material  by  the  hy- 
draulic process,  that  is  to  make  a  coffer 
dam  of  a  short  section  of  the  trench  and 
pump  the  material  out  of  this  section. 

The  tirst  method  is  the  common  one. 
The  unwatering  of  the  trench  and  ground 
is  accomplished  in  many  different  ways. 
When   only   a   small   anioimt   of   water   oc- 


>P^ 


Sng  -  Con  ^q 
Fig.    1.       Sketch     of     Platform     Used     to 
Throw    Earth    from    a    Wide    Deep 
Trench. 

cur^  in  a  trench,  the  simplest  way  is  to 
bale  it  out  with  buckets.  To  facilitate  this 
and  most  other  inethods,  a  sump  is  ex- 
cavated to  allow  the  water  to  gather  at 
one  place.  To  prevent  the  water  from 
seeping  back  into  the  trench  and  to  save 
carrying  it  aw-ay  by  men,  thus  adding  con- 
siderably to  the  cost,  either  a  "V"  or  a 
box-shaped  trough  is  made  of  boards  to 
receive  the  water  from  the  buckets  and 
pumps  and  carry  it  well  away  from  the 
trench.  This  method  is  both  a  slow  and  a 
costly  one,  even  when  the  buckets  are 
large  ones  and  are  raised  from  the  trench 
by  power.  The  writer  has  used  buckets 
having  a  capacity  of  about  25  gallons. 
Baling  of  water  should  only  be  done  when 
there  are  but  a  few  buckets  of  water  to 
handle. 

The  crudest  pump  to  use  for  pumping 
water  from  a  trench  is  known  as  a  cellar, 
canal  or  bilge  pump.  It  is  a  circular  gal- 
vanized iron  tube  with  a  funnel  shaped 
top  and  a  spout,  with  a  foot  valve  at  the 
bottom.  A  long  wooden  handle  with  a 
leather  cup  or  plunger  on  it  is  worked  up 
and  down  in  the  tube  and  the  water  is 
thus  raised.  To  .start  them  they  must  be 
charged  with  a  bucket  or  two  of  water. 
They  are  made  in  various  lengths,  rang- 
ing from  4  to  6  ft.  up  to  12  or  14  ft,  al- 
though on  special  orders  they  can  he  ob- 
tained longer.  After  18  ft.  in  length  the 
work  is  very  hard  for  men  and  is  slow. 
The  pumps  arc  spoken  of  according  to 
their  lengths,  an  "8-ft.  pum''"  is  one  8  ft. 
long  from  its  spout  to  the  foot  valve. 

As  the  pump  must  be  charged  with  sev- 
eral buckets  of  water  it  is  evident  that 
when  only  a  few  buckets  of  water  have  to 
be  handled  the  baling  method  should  be 
used,    but    any    larger    amount    should    be 


pumped.  With  all  pumps,  sumps  should 
be  dug  in  the  trench.  Cellar  pumps  wear 
out  quickly,  especially  if  kept  in  constant 
use.  Sand  and  small  gravel  enter  the  tubes, 
injuring  the  foot  valve  and  cutting  the 
leather  cup.  The  galvanized  tube  also  be- 
comes unsoldered  and  leaky.  When  such 
pumps  are  used  in  any  number  on  a  job. 
a  soldering  iron  and  heater  should  be 
kept  on  the  job,  and  also  leather  for  cups, 
to  repair  the  pumps  promptly  or  else  a 
number  of  them  will  always  be  out  of 
commission.  It  is  never  economical  to  use 
this  style  of  pump  for  high  lifts  or  when 
much  water  is  to  be  pumped,  as  their  ca- 
pacity is  small,  and  men,  even  when  work- 
ing two  on  a  pump,  can  only  pump  a  short 
time  before  spelling  themselves.  When  a 
fair  amount  of  water  collects  in  a  trench 
but  not  enough  to  require  a  steam  pump, 
a   diaphragm  pump   should   be   used. 

There  arc  a  number  of  different  makes 
of  this  style  of  pump  on  the  market,  and 
they  do  verj-  effective  work  for  pumps  op- 
erated by  hand.  The  pump  is  a  compact 
iron  one  and  can  be  placed  on  a  platform 
with  two  handles  on  each  end  of  it,  so 
that  two  men  can  pick  it  up  and  carry  it 
from  place  to  place,  while  one  or  two  men 
lift  up  and  carry  the  suction  hose,  to  pre- 
vent it  being  dragged  along  the  ground, 
often  causing  the  pump  to  overturn,  and. 
with  bad  luck  which  generally  occurs, 
throwing  the  pump  into  the  trench.  A 
rope  should  be  tied  onto  the  lower  end  of 
the  suction  hose  near  the  strainer,  which 
facilitates  dropping  and  raising  the  hose 
into  and  out  of  the  trench.  The  ordinary 
length  of  suction  hose  is  about  12  ft.,  but 
the  pump  will  do  efficient  work  in  rais- 
ing water  20  ft.  or  more.  .\  long  lever 
is  used  to  operate  the  pump,  which  makes 
the  work  easier  for  the  men,  and  unless 
it  must  be  worked  very  rapidly  to  keep 
out  the  water,  the  man  can  soell  himself 
somewhat  at  each  stroke  so  as  not  to 
stop  the  pump  for  some  minutes.  One 
man  can  operate  the  pump,  but  two  men, 
as  a  rule,  are  needed  to  keep  a  rapid  How 
of  water  out  of  a  trench.  But  when  much 
water  is  to  be  handled,  then  a  power  pump 
should   be   used. 

Another  hand  pump  that  has  found  fa- 
vor with  many  engineers  and  contractors 
is  known  as  the  double  acting  force  pump. 
The  smaller  size  has  but  one  handle,  while 
the  larger  ones  have  two  handles.  The 
motion  m  operation  is  to  push  the  han- 
dles forward  and  then  pull  them  back. 
They  do  good  work  when  the  water  does 
not  have  to  be  lifted  very  high,  but  they 
are  harder  for  a  man  to  operate  and  arc 
not  as  efficient  as  the  diaphragm  pump. 

If  a  long  stretch  of  trench  is  in  very 
wet  ground  and  there  is  a  large  flow  of 
water,  the  only  pump  to  use  is  one  operat- 
ed by  other  than  man  power.  Under 
many  conditions  a  steam  pump  serves  the 
purpose.  There  are  many  kinds  of  these. 
The  one  which  is  the  simplest  and  easiest 
rigged  up  is  a  steam  ejector,  sometimes 
called  a  steam  siphon.  A  large  amount  of 
water  can  be  handled  with  a  2  or  3-in. 
ejector,  but  an  ejector  consumes  a  large 
amount  of  steam,  even  heating  the  water 
it  pumps,  so  if  the  pumping  is  to  be  regu- 
lar and  continuous,  some  other  style  of 
pump  should  be  used. 

Two  other  styles  of  pumps  that  are 
well  .idapted  to  trench  work  arc  the  Pul- 
someter  and  the  Emerson  pump.  They  can 
lie  hung  in  the  excavation  or  even  sup- 
l)nrted  on  the  side  and  will  do  excellent 
work,  even  if  the  water  is  muddy  or  con- 
tains some  sand. 

For  trench  work,  especially  for  long 
trenches,  steam  pumps  and  also  tlie  boilers 
to  supply  the  steam  should  be  so  mounted 
as   to   be   quickly   and   easily   moved.      The 


pump,  which  should  sit  close  to  the 
ground,  can  be  placed  on  heavy  runners, 
and  can  be  dragged  over  the  ground  with 
a  good  team  of  horses  without  injury.  It 
is  better  to  mount  the  boiler  on  wheels, 
however  the  writer  has  moved  them  on 
runners.  The  discharge  pipe  should  always 
be  run  some  distance  from  the  trench. 
Engineers  and  contractors  seem  to  forget 
that  when  water  occurs  in  trenches,  the 
ground  is  generally  very  porous,  so  'un- 
less the  water  that  is  pumped  is  carried 
well  awav  from  the  trench  a  large  per- 
centage of  it  quickly  goes  through  the 
ground  back  to  the  trench  to  be  repumped. 
In  a  sandy  soil  the  writer  was  once  com- 
pelled to  carry  the  water  more  than  200 
ft.  to  prevent  it  appearing  again  quite  rap- 
idly in  the  excavation.  Another  mistake 
frequently  made  with  steam  pumps  on 
this  class  of  work  is  to  carry  the  steam 
too  great  a  distance  from  the  boiler  to  the 
pump.  It  is  difficult  to  have  lagging  on 
the  pipe,  although  it  can  be  lagged  except 
at  the  couplings.  With  wet  steam  the  effi- 
ciency of  the  pump  is  greatly  reduced, 
while  the  fuel  consumption  is  increased. 

In  order  to  save  having  a  boiler  and 
moving  it  frequently  a  gasoline  pump  can 
be  used  for  unwatering  trenches.  The 
entire  pump  and  water  barrel  for  cooling 
the  engine  can  be  mounted  on  a  platform 
and  be  moved  with  runners  by  dragging  it 
along  the  ground.  A  diaphram  pump  can 
1;e  rigged  up  to  be  operated  by  a  gasoline 
engine.  When  onlv  necessary  to  move 
pumps  a  short  distance  men  can  do  the 
work  with  rollers  and  bars.  However, 
boards  should  be  thrown  down  as  run- 
ners  for  the  rollers,  and  the  latter  should 
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Fig.    2.      Sketch        of     Platform     Used     to 

Throw    Earth  from   a    Narrow   Deep 

Trench. 

be  several  feet  longer  than  the  platform 
is  wide.  The  rollers  should  also  have  two 
holes  bored  through  them  at  each  end.  so 
that   the   bars   can   be   used   easily. 

When  an  excessive  amount  of  water  oc- 
curs in  trenches  centrifugal  pumps  are 
used.  These  are  either  run  by  an  engine 
with  a  belt  or  the  engine  is  directly  con- 
nected. For  trench  work  a  direct  con- 
nected engine  is  preferred.  Naturally  with 
an  cn.gine  a  boiler  must  be  used,  so  to 
save  the  boiler  in  towns  and  cities  where 
electricitv  can  be  obtained,  a  direct  con- 
nected motor  is  used.  When  a  strainer  or 
foot  valve  is  not  used  on  a  pump  of  this 
kind  coarse  gravel  and  small  cobbles  can 
be  pumped  through  it,  but  under  any  cir- 
cumstances   when    the    water    in    the    sump 
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Roads  and  Streets  Section 


Note :  This  Section  is  devoted  to  methods  and  costs  of  road  and  street  con- 
struction. It  will  cover  road  building  in  all  its  details,  the  construction  of 
pavements,  sidewalks  and  gutters,  the  testing  and  use  of  paving  materials  and 
the  machinery  and  tools  used  in  road  building  and  paving. 


The  Theory  of  Economic   Road    and 
Street  Design  and   Location. 

X. 

Designing  an  Economic  Wearing  Coat. — 
Since  it  is  the  function  of  the  base  to  dis- 
tribute the  wheel  loads  over  the  subgrade, 
it  follows  that  the  wearing  coat  should 
have  only  sufficient  thickness  to  provide 
for  the  wear  due  to  abrasion  between  the 
periods  of  renewal.  The  logic  of  this  in- 
ference is  incontrovertible,  yet  the  stand- 
ard cross-sections  of  the  majority  of  city 
pavements  show  very  little  evidence  of  an 
appreciation  of  the  true  function  of  a 
wearing  coat.  Certainly  there  is  no  logic 
in  making  any  asphalt  wearing  coat  4  ins. 
thick,  no  matter  how  heavy  the  traffic  that 
it  is  to  carry.  It  is  perhaps  not  so  ob- 
vious that  a  brick  pavement  should  not 
have  a  thickness  of  4  ins.  of  brick,  yet  a 
little  thought  will  make  it  clear  that  any 
such  thickness  is  wholly  uncalled  for 
where  the  concrete  base  is  properly  de- 
signed. 

Paving  brick  costs  more  than  twice  as 
much  as  concrete  per  cubic  yard,  or  per 
inch  of  thickness  per  square  yard.  Hence 
not  an  inch  of  thickness  should  be  given 
to  the  brick  wearing  coat  for  the  purpose 
of  load  distribution  over  the  subgrade, 
since  concrete  is  a  far  cheaper  material 
with  which  to  perform  that  function. 

So  far  as  the  performance  of  the  other 
two  functions  of  a  pavement  are  con- 
cerned, the  brick  wearing  coat  need  not 
have  a  thickness  exceeding  2  ins.  Hence 
the  brick  should  be  laid  flat  instead  of  on 
edge. 

No  pavement  wears  with  perfect  uni- 
formity under  traffic,  for  once  a  slight  de- 
pression forms,  due  to  slight  variation  in 
the  material  of  the  wearing  coat,  it  tends 
to  concentrate  the  wear  at  that  place. 
Wieels  drop  into  the  slight  depression 
with  a  pounding  action ;  dust  and  water 
accumulate  there,  and,  since  the  dust  acts 
like  so  much  emery  under  the  wheels,  the 
abrasion  proceeds  with  greater  rapidity 
wherever  there  is  a  depression. 

Brick  pavement  is  no  exception  to  this 
rule  of  irregular  wear,  and,  if  the  bricks 
differ  even  moderately  in  uniformity  of 
burning,  there  is  a  decided  tendency  to 
wear  irregularly.  On  a  brick  pavement 
subject  to  a  heavy  traffic  for  ten  years 
the  average  loss  in  thickness  had  been  % 
in.,  but  there  were  innumerable  places 
where  the  loss  had  been  2  ins.,  and  the 
entire  pavement  had  therefore  become  so 
rough  as  to  be  unfit  for  further  use.  To 
provide  for  a  heavy  traffic  giving  such 
wear,  it  is  advisable  to  lay  a  brick  wear- 
ing coat  about  3  ins.  thick ;  but  this  con- 
dition is  exceptional.  The  vast  majority 
of  brick  pavements  are  laid  on  streets 
where  the  wear  from  traffic  would  not  re- 
duce their  thickness  more  than  a  fraction 
of  an  inch  in  a  century.  In  such  cases, 
the  brick  wearing  coat  should  not  be  more 
than  2  to  2y2  ins.  thick,  or  50  to  60  per 
cent  of  present  standard   4  in.  thickness. 

Why  Pa~'ing  Blocks  Are  Set  On  Edge. — 
In  the  investigation  of  reasons  for  ex- 
isting standards  of  engineering  construc- 
tion, it  is  always  desirable  to  study  the 
history  of  the  evolution  of  existing  de- 
signs.    When    stone    was    first    used    as    a 


pavement  it  was  laid  flatwise  in  large 
slabs ;  but  it  was  soon  found  that  such 
slabs  are  easily  tilted  by  any  heavily  loaded 
wheel  that  comes  on  one  side  of  the  slab. 
This  trouble  was  overcome  by  breaking 
the  slabs  into  smaller  blocks  and  setting 
those  blocks  on  edge.  An  added  advant- 
age was  thus  secured,  for  the  closely 
spaced  joints  gave  a  better  foothold  to 
horses. 

When  bricks  were  substituted  for  stone 
blocks,  it  was  perfectly  natural  to  follow 
precedent  and  set  them  on  edge  also.  So. 
too.  it  was  natural  to  set  asphalt  paving 
blocks  on  edge,  and  this  was  the  general 
practice  until  comparatively  recently. 
About  ten  years  ago  the  writer  pointed 
out  the  economic  folly  of  setting  either 
asphalt  blocks  or  brick  on  edge.  He  called 
attention  to  the  fact  that  the  joints  in 
asphalt  blocks  entirely  disappear  after  a 
few  years  of  use,  due  to  a  sort  of  welding 
together  under  traffic.  Therefore  there 
can  be  no  advantage  claimed  for  narrow 
blocks,  set  on  edge,  as  far  as  foothold  is 
concerned.  The  writer  also  questioned 
the  use  of  a  "sand  cushion"  between  the 
concrete  base  and  the  asphalt  or  brick 
blocks.  A  "sand  cushion"  is  necessary  in 
bedding  stone  blocks,  due  to  their  irregular 
thickness  and  irregular  surface,  but  neither 
asphalt  blocks  nor  brick  require  a  sand 
cushion. 

It  is  now  the  general  practice  to  lay 
asphalt  blocks  in  a  thin  bed  of  cement 
mortar,  laying  the  blocks  flatwise.  The 
success  of  this  practice  demonstrates  con- 
clusively that  paving  brick  should  be  laid 
in  a  similar  manner. 

Neither  an  asphalt  block  nor  a  paving 
brick  can  tilt  up  as  does  a  large  stone  slab, 
due  not  only  to  their  smaller  size,  but 
more  particularly  to  their  careful  bedding 
and  to  the  closeness  of  their  joints.  When 
properly  laid,  asphalt  blocks  and  paving 
bricks  are  like  a  monolithic  sheet  of  pav- 
ing material,  and  are  not  in  the  least  like 
the  ancient  stone  slab  pavements. 

Determining  the  Economic  Thickness  of 
a  Wearing  Coat. — If  a  wearing  coat  4  ins. 
thick  costs  $1.00  per  sq.  yd.  (or  $0.2.5  per 
sq.  yd.  per  inch  of  thickness),  and  if  the 
traffic  is  such  as  to  cause  a  loss  of  0.04  in. 
of  thickness  per  annum,  the  annual  cost 
of  the  wearing  cost  would  appear  to  be. 
Wear  =  0.04  X  $0.25  =  0.01 
Interest  =  $1.00   at   4%=    0.04 

Total      $0.05 

But,  as  a  matter  of  fact,  many  kinds  of 
wearing  coats  are  entirely  unfit  for  fur- 
ther use  before  they  have  worn  down  an 
average  depth  of  1  in.,  due  to  the  wavey 
condition  of  the  pavement.  In  such  an 
event,  the  true  loss  due  to  wear  would  be 
four  times  that  above  given,  for.  when  1 
in,  of  wear  has  occurred,  the  entire  4  ins. 
has  become  valueless.  This  is  true  of 
most  brick  pavements.  In  such  a  case  we 
have: 

4 
Wear    =— X  0.04  X  $0.25  =  $0.04 

1 
Interest  =  $1.00     at     4%=    0.04 

Total     $0.0.S 

It  is  evident  that  where  the  annual  wear 
is  slight,  the  interest  item  is  relatively  so 
large  that  it  is  poor  economy  to  give  any 
great  thickness  to  the  wearing  coat  for  the 


purpose  of  lengthening  the  life  of  the 
pavement.  Indeed,  there  is  no  economic 
justification  for  giving  the  wearing  coat  a 
greater  thickness  than  is  necessary  to  pro- 
vide for  loss  due  to  a  few  years'  wear 
plus  the  minimum  thickness  required  to 
preserve  the  wearing  coat  from  disintegra- 
tion under  the  impact  of  wheels  and  hoofs. 
Long  life  of  any  structure  does  not  of 
itself  prove  economic  design,  and  this  is 
particularly  true  of  the  wearing  coat  of  a 
pavement.  The  criterion  of  economic  de- 
sign of  any  given  type  of  wearing  coat  is 
that  the  annual  interest  on  the  first  cost 
plus  the  annual  depreciation  shall  be  a 
minimum.  To  apply  this  criterion  it  is 
essential  first  to  know  the  amount  of  traf- 
fic, and.  second,  the  consequent  loss  due 
to  wear,  neither  of  which  is  usually  ascer- 
tained witli  any  degree  of  accuracy  at 
present. 

Fortunately  the  wear  on  the  vast  ma- 
jority of  pavements  is  so  slight  that  the 
main  consideration  is  the  first  cost  of  the 
wearing  coat.  This,  in  turn,  is  a  function 
of  its  thickness.  Therefore,  where  the 
loss  of  thickness  by  wear  is  inconsider- 
able, only  enough  thickness  should  be 
given  to  the  wearing  coat  to  enable  it  to 
resist  disintegration  under  the  impact  of 
wheels  and  hoofs.  Few  wearing  coats  will 
stand  up  under  traffic  if  the  thickness  is 
less  than  1%  to  2  ins.,  unless  a  monolithic, 
elastic  coat  made  with  a  bituminous  binder 
is  used.  What  the  minimum  thickness  of 
such  a  coat  may  be,  we  are  unable  to  say 
now ;  but  it  is  certain  that  even  the  thin- 
nest asphalt  wearing  coats  in  use  today 
are  considerably  thicker  than  thev  need 
be. 

Testing  The  Resistance  to  Wear. — The 
only  method  commonly  used  for  testing 
the  resistance  to  wear  is  by  the  use  of 
some  sort  of  a  rattler.  Although  the  rat- 
tler test  has  its  value,  it  is  very  unsatis- 
factory. A  rattler,  at  best,  serves  only  to 
indicate  the  relative  value  of  different  pav- 
ing materials.  It  is  a  qualitative  analysis 
— to  use  a  chemical  expression — and  is  not 
a  quantitative  analysis,  even  though  it  is 
given  the  appearance  of  being  so.  To  il- 
lustrate :  If  stone  for  macadam  show's  a 
coefficient  of  wear  of  10.5,  what  will  be 
its  loss  in  thickness  per  annum  due  to 
1,000  loads  hauled  daily  over  it?  This 
question  can  not  be  answered,  except  in 
the  roughest  manner,  and  then  only  by 
observing  what  the  actual  wear  is  upon 
the  macadam  in  use  during  a  period  of 
years. 

Beside  this  serious  defect  in  tlie  rattler 
test,  we  have  one  that  is  far  more  serious, 
namely,  that  no  bituminous  sheet  pave- 
ment can  be  tested  in  the  ordinary  rattler. 
In  view  of  the  many  millions  of  dollars 
annually  invested  in  pavements,  to  say 
nothing  of  pavements  already  existing  and 
requiring  renewals,  it  is  nothing  short  of 
amazing  that  the  rattler  test  remains  the 
only  one  in  common  use  for  determining 
the  resistance  to  wear. 

In  St.  Louis,  about  a  generation  ago, 
various  classes  of  pavements  were  tested 
in  the  only  manner  that  has  ever  appealed 
to  the  writer  as  being  entirely  rational.  A 
stretch  of  pavement  .3  ft.  wide  was  built 
in  a  circle  whose  outside  diameter  was  16 
ft.  In  the  center  of  the  circle  was  a  ver- 
tical post  whereon  was  pivoted  a  horizontal 
"sweep"  (12  ft.  long)  to  the  outer  end  of 
which  was  hitched  a  horse.  Fastened  on 
this  sweep  was  a  wagon  wheel  that  trav- 
eled on  the  circular  stretch  of  test  pave- 
ment. The  wheel  was  loaded  with  iVi 
tons.  In  order  not  to  rut  the  test  pave- 
ment, the  wheel  was  caused  to  slide  slowly 
back  and  forth  on  an  axle  nearly  3  ft.  long, 
and  this  was  accomplished  by  using  a  long 
screw   engaged  by   a   pall,   which   automati- 
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Unclassified  and  General  Articles 


Note:  Tkis  section  is  devoted  to  methods  and  cost  articles  on  construvtieB 
w«rk  net  properly  coming  under  any  of  the  preceding  classifications. 


Caisson    Disease   and  Its  Prevention. 

BY    HENRY    J.\PP,   M.    AM.    SOC.   C.    1-, 

(Never  probably  were  more  elaborate 
provisions  emploj'ed  for  handling  caisson 
disease  than  were  employed  by  the  contrac- 
tors for  the  East  River  tunnels  of  the 
Pennsylvania  R.  R.  at  New  York  city.  The 
foresight  of  the  contractors  in  this  respect 
was  repaid  not  only  in  credit  for  humane 
feelings,  but  by  the  defense  which  it  fur- 
nished against  the  very  vigorous  attempt 
made  by  the  labor  unions  at  one  time  dur- 
ing the  work  when  fatalities  were  frequent 
to  arouse  public  sentiment  against,  and  in- 
vite official  prosecution  of  the  contractors 
for  negligence  and  inhumanity  in  the  care 
of  their  compressed  air  employes.  In  a 
recent  paper  prepared  for  the  American 
Society  of  Civil  Engineers  Mr.  Henry  Japp. 
one  of  the  engineers  on  the  work,  describes 
the  methods  employed  to  reduce  fatalities 
from  caisson  diseases  on  the  tunnels  men- 
tioned. This  paper  is  unique  as  compared 
with  most  of  the  previous  discussions  of 
the  subject  in  that  it  is  written  from  the 
viewpoint  of  an  engineer  who  realizes  the 
practical  conditions  that  must  be  met  in 
tunneling  under  compressed  air  and  who 
appreciates  that  the  question  of  importance 
to  the  engineer  and  contractor  is  how  to 
prevent  attacks  of  the  disease  and  not  so 
much  how  to  treat  and  cure  it  after  it  oc- 
curs. In  these  respects  we  consider  this 
paper  to  he  perhaps  the  most  practically 
useful  and  instructive  which  has  ever  been 
published  on  caisson  disease. — Editors.) 

The  prevention  of  caisson  disease  has 
not  received  as  much  attention  as  its  c-ire. 
the  general  opinion  being  that  it  cannot  be 
prevented.  In  forming  an  idea  as  to  the 
possibility  of  its  prevention,  something  may 
be  learned  from  Nature's  method  of  carry- 
ing out  work  by  the  aid  of  living  organisms 
under  air  pressure. 

First  let  us  inquire  whether  Nature  has 
a  sufficient  range  of  air  pressure  to  make 
it  necessary  for  a  capacitv  to  sustain  varia- 
tions without  injury.  The  highest  altitude 
on  this  earth  is  Mount  Everest,  ■2!1.(lOn  ft. 
above  the  level  of  the  sea.  and  the  deepest 
mine  is  Tamarack  No.  3  Shaft,  of  the 
Calumet  and  Hecia  Mines,  4,407  ft.  below 
sea  level. 

The  curve  on  Fig.  1  shows  the  absolute 
air  pressure  at  various  altitudes  between 
these  extremes.  The  total  difference  of 
12%  lbs.  per  sq.  in.,  or  from  9%  lbs.  below 
atmospheric  pressure  at  sea  level  (viz.,  14.7 
lbs.)  up  to  2%  lbs.  above  normal,  is  con- 
siderable. 

Mount  Everest  has  never  been  ascended, 
but  an  elevation  of  20,000  ft.  has  been 
reached,  and  men  can  live  in  comfort  at 
an  altitude  of  7,001  ft.,  as  in  Mexico  City, 
which  has  an  air  pressure  of  .3%  lbs.  per 
sq.  in.  less  than  at  the  coast.  Such  a 
change  of  pressure  is  quite  noticeable  to 
those  whose  Eustachian  tubes  are  closed, 
and.  although  the  range  of  pressure  is  in- 
sufficient to  produce  caisson  disease,  yet 
travelers  have  complained  of  discomfort, 
not  unlike  a  very  mild  attack,  after  a  ranid 
journey  by  rail  from  Vera  Cruz  to  Mexico 
City. 

Eagles  are  known  to  go  to  great  heights 

•A  paper  presented  to  the  American  So- 
ciety of  Civil  Kngincers  and  publisli'-i  ir  the 
Proceedings  for  April.  1909,  p.  37S,  Vol. 
XXXV. 


beyond  the  range  of  human  vision,  ti^h  are 
capable  of  going  to  great  depths  in  water, 
and  beasts  of  prey  roam  from  the  moun- 
tain side  to  the  valleys  far  below.  With 
each  descent  these  creatures  have  under- 
gone compression,  and  with  each  ascent  de- 
compression. 

It  will  be  noted  that  Nature  has  no  time 
limit  for  immersion  under  increased  pres- 
sure, and  the  application  of  pressure  is  a 
much  speedier  and  easier  operation  than 
that  of  decompression :  and,  while  the  com- 

IGOOOO 
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of  observation  noted  first  that  lock  tenders 
who  made  frequent  entry  to  the  air-lock  for 
short  visits  were  much  more  immune  from 
the  malady  than  workers  who  stayed  for  a 
full  shift,  and  from  this  argued  that  short- 
ening the  time  in  the  air-chamber  would  be 
a  safeguard,  and,  as  higher  pressures  were 
used,  the  hours  continued  to  be  shortened 
until  it  was  thought  that  half  an  hour  at 
a  maximum  of  50  lbs.  gage  pressure  was 
the  limit  of  human  endurance. 

As  the  number  of  compressed-air  works 
increased,  so  the  workmen  gained  in  ex- 
perience, and  it  was  noted  that  workmen  of 
experience  who  suffered  from  the  painful 
forms  of  caisson  disease  relieved  the  pain 
by  re-entering  the  air-chamber. 

.■Vbout  .30  years  ago  Paul  Bert  advanced 
the  theory  that  caisson  disease  was  caused 
by  the  nitrogen  of  the  air  being  dissolved 
in   the  blood.     He   advocated  slow   decom- 
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Fig.   1.      Diagram    of   Elevation    and    Pressure  of  Atmosphere. 


pression  is  down-hill  and  attained  with 
little  effort,  the  decompression  can  only  be 
attained  by  the  continuous  effort  of  climb- 
ing, and,  in  long  ascents,  with  frequent 
rests  or  by  stages.  This  is  surely  a  fore- 
cast of  the  stage-decompression  theory. 

From  Nature  then,  our  best  teacher,  we 
learn  that  the  time  taken  to  enter  the  air- 
chamber  may  be  short,  the  time  spent  in  the 
air-chamber  may  be  long,  and  the  rate  of 
coming  out  must  be  slow  and  accompanied 
by  exercise. 

In  early  compressed-air  work  engineers 
were  confronted  with  caisson  disease,  and 
have  long  been  striving  for  a  remedy.  Men 


pression,  suggesting  30  mins.  for  2  to  3  at- 
inospheres  (1-5  to  30  lbs.  gage  pressure) 
and  60  mins.  for  3  to  4  atmospheres  (30  to 
45  lbs.  gage  pressure).  Since  his  time 
many  writers  and  experimenters  have  fol- 
lowed in  his  footsteps,  but  it  was  not  until 
Dr.  Smith,  of  New  York,  suggested  that  a 
recompression  chamber  would  act  as  a  rent- 
ed}', and  E.  \V.  Moir,  M.  Am.  Soc.  C.  E., 
of  London,  without  knowledge  of  Dr. 
Smith's  prior  suggestion,  actually  built  a 
medical  air-lock,  or  recompression  cham- 
ber, in  1890,  on  the  old  Hudson  Tunnel, 
New  York,  that  any  reliable  cure  for  the 
trouble    was    discovered.      Figure    2   shows 
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Fig.    2.     Medical    Air    Lock    Used    in    the     East  River  Tunnels  of  the  Pennsylvania  Tunnel   and  Terminal   Railroad. 
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the  qualified  medical  officer  of  the  con- 
tractors. Sound  physique  was  the  chief 
requirement.  The  men  were  cautioned  not 
to  enter  the  air  on  an  empty  stomach,  to 
wear  warm  clothing  on  coming  out,  and  to 
drink  hot  cofTee. 


the    workmen,     and     there     were     covered 
gangways  for  access  to  the  shafts. 

The  air  was  cooled  before  delivery  to 
the  tunnels,  and  samples  were  taken  in  the 
tunnels  b\f  Mr.  Noble's  engineers  and 
analyzed  daily.     The  air  was  regulated  so 


tor.  Then  it  became  necessary  to  post  out- 
side each  air-chamber  a  guard  whose  duty 
it  was  to  keep  out  of  the  tunnel  men  who 
had  no  doctor's  pass.  At  this  time,  re- 
liance could  not  be  placed  on  the  tunnel 
foremen,   as   thev  were  likelv  to  be  absent 
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The  time  worked  in  the  air-chamber  was 
limited  to  8  hours  with  half  an  hour  off 
for  lunch,  up  to  32  lbs.  gage  pressure,  and 
two  spells  of  3  hours  each  with  3  hours 
rest  between  for  pressures  from  32  to  42 
lbs.    and   two    spells    of   2   hours    each    for 


that  the  carbon  dioxide  did  not  exceed 
10  parts  in  10,000,  and  the  tunnels  were 
kept  in  a  sanitary  condition. 

Owing  to  the  grade  of  the  tunnels  being 
so  deep  on  the  Manhattan  side  of  the  river, 
the  air  pressure  very  quickly  rose  to  36  lbs. 


from  work,  and  new  men  had  to  be  selected 
each  day. 

For  many  months  after  the  work  started, 
while  the  men  were  being  seasoned,  the 
tunnel  "gangs  and  foremen  were  in  a  state 
of   change,  owing  to  the  difficulty  of   get- 
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pressures  .greater  than  42  lbs.  with  4  hours 
rest  between,  with  no  limitation  as  to  de- 
compression. Two  medical  air-locks  were 
installed  on  each  side  of  the  river,  well- 
wanned  dressing  rooms  were  provided  for 


Practically  no  cases  of  bends  occurred 
until  the  pressure  reached  29  lbs.  and  then, 
within  a  few  days  of  each  other,  two  men 
died.  These  men  had  entered  the  air- 
chamber  without  being  passed  by  the  doc- 


ting  good   men   and  the   frequent   absencesi 
due  to  caisson   disease,  and   it   was   a   longj 
time    before    an    efficient    organization    was 
built  up. 

As   the   tunnels    were   driven   deeper   be-j 
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other  things,  charts  were  plotted  hy  the 
medical  staff  for  some  months,  showing-  the 
rise  and  fall  of  air  pressure,  hours  worked, 
htmiidity,  temperature,  percentage  of  car- 
bon dioxide,  and  number  of  green  men  in 
the  tunnel,  along  with  barometer  readings, 
condition  of  weather,  direction  of  wind, 
and  number  of  cases  of  bends.  The  results 
were  not  very  encouraging,  but  it  was 
noted  that  the  number  of  green  men.  the 
height  of  pressure  in  the  tunnel  and  the 
number  of  cases  of  bends  varied  together. 

The  percentage  of  cases  in  air  pressure 
of  31%  lbs.  for  8-hour  shifts  was  no  more 
than  the  percentage  in  32%  lbs.  for  two  3- 
hour  shifts — in  fact,  it  was,  if  anything,  less 
for  the  longer  shift.  The  decrease  in 
length  of  shift  added  one  e.xtra  gang  of 
men,  and  probably  many  of  these  men  be- 
ing green  accounted  for  this. 

In  November.  1900.  Mr.  Moir  became  ac- 
quainted in  part  with  Dr.  Haldane's  work 
of  investigation  for  the  British  .\dmiralty 
on  "Deep  Sea  Diving,"  and  ordered  the  de- 
compressing valves  changed  so  that  the  de- 
compression was  accelerated  at  the  com- 
mencement of  the  operation,  and  slowed  off 
toward  the  end.  In  October,  1906,  the 
writer,  endeavoring  to  find  out  the  effect  of 
sudden  decompression,  fitted  an  ordinary 
glass  siphon  bottle  with  a  valve  and  pres- 
sure gage.  This  bottle  was  partly  filled 
with  water,  and  put  under  36  lbs.  air  pres- 
sure for  12  hours.  On  suddenly  releasing 
the  pressure,  no  effervescence  whatever 
took  place,  and  only  a  very  few  minute 
bubbles  were  visible.  The  same  thing  was 
tried  with  the  bottle  partly  filled  with  bul- 
lock's blood,  with  like  results.  Arguing 
that  the  placid  surface  of  blood  in  a  sta- 
tionary vessel  offered  no  such  opportunity 
for  dissolving  air  as  occurs  in  the  lung 
surface  with  the  blood  circulating,  the 
siphon  was  again  charged  with  36  lbs.  pres- 
sure, but  was  rotated  for  24  hours  under 
this  pressure.  The  same  result  as  before 
was  observed  on  suddenly  releasing  the 
pressure ;  but,  on  closing  the  valve,  the 
pressure  recorded  on  the  gage  was  about 
1  lb.  per  sq.  in.  in  less  than  1  hour,  and 
in  6  days  a  pressure  of  13  lbs.  was  recorded, 
showing  that  the  air  dissolved  in  the  blood 
came  off  very  slowly. 

If  the  cork  of  a  bottle  of  aerated  water 
is  drawn  quickly,  it  effervesces  so  violentlv' 
that  the  water  froths  out  of  the  neck  of 
the  bottle ;  but,  if  the  gas  is  allowed  to 
escape  slowly,  only  a  mild  bubbhng  results. 
This  in  general  is  the  theory  on  which 
slow  decompression  has  been  advocated  in 
the  past.  The  violence  of  the  escape  of 
carbon  dioxide  gas  from  aerated  water,  as 
compared  with  the  escape  of  air  from 
water  released  from  pressure,  is  due  to 
the  greater  solubility  of  carbon  dioxide 
than   air. 

It  was  difficult  to  know  what  else  could 
be  done  at  this  time  in  the  way  of  eliminat- 
ing caisson  disease  on  the  East  River  tun- 
nels, and  the  cases  of  disease  were  cer- 
tainly less  frequent  and  less  severe,  al- 
though at  long  intervals  fatal  cases  still 
occurred.  The  workmen,  by  this  time,  had 
become  seasoned,  and  more  seasoned  men 
were  now  available  from  other   works. 

Dr.  Leonard  Hill  read  a  paper  on  deep 
sea  diving  and  caisson  work,  on  Sept.  20, 
1907,  and  exhibited  the  web  of  a  living  frog 
under  a  pressure  of  20  atmospheres.  On 
suddenly  decompressing,  bubbles  were 
plainly  visible  in  the  blood  vessels,  multi- 
plying quickly  as  they  traveled  along  until 
the  circulation  was  choked;  on  recompres- 
sion the  bubbles  disappeared  and  circu- 
lation was  resumed.  He  stated  that  he  and 
Mr.  Greenwood  had  been  under  an  air 
pressure  of  92  lbs.  and  had  suffered  no  ill 
effects. 

Dr.  J.  S.  Haldane,  on  Nov.  29.  1907.  read 


a  most  enlightening  paper  before  the  So- 
ciety of  Arts,  in  London,  in  which  he  gave 
the  results  of  his  investigation  for  tlie 
British  Admiralty  on  "Deep  Sea  Diving." 

He  set  forth  very  clearly  the  question  of 
the  solution  of  gases  by  the  blood,  fat,  and 
tissues  of  the  body,  and  attempted  to  de- 
termine the  time  taken  to  saturate  the 
blood  with  the  nitrogen  of  the  air.  He 
proved  conclusively  that  the  quantity  of 
carbon  dio.xide  adjusts  itself  to  a  constant 
percentage  inversely  proportional  to  the 
pressure  in  the  alveoli,  or  air  cells. 

In  atmospheric  pressure,  the  percentage 
of  carbon  dio.xide  in  the  alveolar  or  expired 
air  is  0.6  per  cent,  and  at  a  pressure  of  2 
atmospheres,  absolute,  this  is  reduced  to 
2.8   per   cent,    so   that   the   question   of   the 


mosphere,  and  the  percentage  in  the  tunnel 
is  allowed  to  go  up  to  0.10  per  cent,  the  air 

80 

required    per    man    per    liour^ ^^1,333 

0.06 
cu.   ft. 

Dr.  Haldane  has  completely  removed  all 
difficulty  of  respiration  and  discomfort  of 
divers  at  great  depths  through  the  applica- 
tion of  this  theory  regarding  the  percentage 
of  C0=  by  supplying  the  diver  with  the 
same  volume  of  compressed  air  per  minute 
at  different  levels  instead  of  the  same  vol- 
ume of  free  air  per  minute. 

The  question  of  ventilating  compressed- 
air  tunnels  seldom  arises,  as  the  volume  of 
air  generally  far  exceeds  the  amount  re- 
quired for  purity,  on  account  of  the  tremen- 
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Fig.  7.  Decompression,  on  the  Assumption    That   9    Minutes    is    Safe    for   27-lb. 

Gage   Pressure. 


percentage  of  carbon  dioxide  in  the  air  of 
the  working  chamber  is  not  important  un- 
less it  approaches  the  percentage  of  carbon 
dioxide  in  the  air  cells  of  the  lungs. 

For  instance,  if  the  air-chamber  is  under 
an  air  pressure  of  30  lbs.  or  3  atmospheres 
absolute,  the  percentape  of  carbon  dioxide 
in  the  air  cells  is  5.6  divided  by  3,  or  1.86 
per  cent ;  and,  if  the  percentage  of  carbon 
dioxide  in  the  air-chamber  does  not  exceed 
1  per  cent  no  ill  effects  will  arise.  This  is 
ten  times  as  much  as  is  generally  specified, 
namely,  10  parts  in  10,000,  and  greatly  re- 
duces the  amount  of  compressed  air  neces- 
sary per  man  per  hour,  which  can  be  calcu- 
lated approximately  from  the  following 
simple  formida : 

Cubic  feet  per  man  per  hour^ 
80    cu.    ft.     permitted     above     normal     air 

Percentage  of  rise  of  CO: 
Thus,  if  0.04  per  cent  is  the  CO:  in  the  at- 


dous  leakage  at  the  face,  so  that  this  is  not 
nearly  as  important  as  is  indicated  by  Dr. 
Haldane's  investigation  of  the  solubility  of 
air  by  the  blood  and  tissues  of  the  body. 

.\fter  demonstrating  that  the  C0=  is  dealt 
with  automatically,  he  shows  that  nearly 
all  the  oxygen  dissolved  by  the  blood  is 
taken  up  chemically  by  the  hemoglobin,  but 
the  nitrogen  remaining  is  incapable  of  com- 
bination witli  the  system,  and  is  dissolved 
by  the  blood  and  tissues.  These,  there- 
fore, become  saturated  with  nitrogen  dur- 
ing immersion  in  compressed  air. 

If  saturation  takes  place  quickly  it  will 
not  matter  how  long  a  workman  stays  un- 
der air  pressure:  but,  if  slowly,  then  short- 
ening of  the  working  shift  will  be  a  safe- 
guard. 

The  rate  of  saturation  is  the  same  as  the 
rate  of  desaturation  if  compression  and  de- 
compression are  instantaneous ;  so  that,  by 
altering  the   time   for  decompression,   it   is 
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Dr.  Ilalilanc  h.i<  nutrd  iIkit  11.1  serious 
casfi  of  cai5-i>n  di-^oast-  ha\f  •'•■.iirrtd  for 
rapid  <lccomprcssion  at  a  workins  pressure 
of  II'  lbs.  (jaRc  pressure,  or  2.3  atmospheres, 
absolute.  Therefore,  he  concludes  that  it 
is  always  safe  to  decompress  rapidly  to 
half  the  absolute  pns^ure,  or  even  to  the 
absolute  pressure  <li\i(Ied  by  '2'1.  without 
bubbles  beinn  liberated.  Further,  if  the  de- 
compression for  the  remainini;  pressure  is 
continued  at  such  a  rate  as  will  keep  pace 
with  the  rate  of  desaturation.  then,  the  ab- 
siilute  pressure  of  nitrogen  in  the  blood 
never  exceeding  2..1  times  the  absolute  pres- 
sure in  the  air-lock  during  decompression 
or  after  returning  to  the  atmosphere,  no 
symptoms  will  occur. 

Table  I  shows  the  rates  of  decompression 
advocated  by  Mr.  Haldaue  for  caisson 
workers : 
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Fig.     8.      Air-Lock     With     Middle     Occompretting    CHamber. 


The  question   arises   at   once;      .\rc   the 
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nels  to  40  lbs.  gage.  It  was  possible  to 
make  the  workmen  pass  through  three  sets 
of  air-locks  on  leaving  the  tunnel.  The 
inner  chamber  was  kept  at  40  lbs.,  the  inter- 
mediate chamber  at  29  lbs.,  and  the  outer 
chamber  at  12%  lbs. 

The  men  were  ordered  to  take  5  mins.  in 
the  first  lock,  8  mins.  in  the  second  lock, 
and  1-5  mins.  in  the  third.  There  was  a 
distance  of  appro.ximately  1.000  ft.  between 
each  pair  of  locks.  Walking  this  distance 
and  gathering  in  the  stragglers  generally 
required  10  mins.  to  each  chamber,  so  that, 
in  all,  48  mins.  were  taken  to  decompress 
from  40  lbs.  to  atmosphere.  No  severe  or 
fatal  cases  resulted,  and  little  time  was  lost 
by  the  men  through  caisson  disease,  the 
cases  being  only  slight.  Under  this  pressure 
330  men  were  employed  for  3G  days,  work- 
ing 3  hours  on,  3  hours  off  and  3  hours  on. 
It  is  true  that  no  green  men  were  used  on 
this  work,  as  there  were  plenty  of  experi- 
enced air  men  available  at  that  time. 

The  third  diagram  on  Fig.  6  shows  the 
desaturation  curve  and  rate  of  decompres- 
sion, leaving  the  saturation  of  the  blood 
equivalent  to  27  lbs.  on  reaching  atmos- 
pheric pressure.  This  result  bears  out  in 
part  the  periods  of  decompression  of  Ta- 
ble IV,  and,  if  a  more  rapid  passage  had 
been  made  through  the  first  and  second 
locks,  probably  a  better  result  would  have 
been  attained,  as  the  equivalent  pressure  of 
the  blood  would  have  reached  2-5  lbs.  on 
coming  out.  as  shown  bv  Fig.  7,  instead  of 
27  Ibsr 

In  caissons  or  tunnels  with  but  one  lock, 
it  is  a  difficult  problem  to  allow  workmen 
as  long  a  time  as  Table  IV  indicates,  as 
no  one  can  enter  the  air-lock  during  de- 
compression. One  method  of  overcoming 
this  difificulty  would  be  to  provide  a  lock 
with  two  small  end  chambers  and  a  larger 
center  chamber,  four  doors  in  all  being 
necessary.  Anyone  making  a  short  visit  to 
the  caisson  could  pass  through  without  dis- 
turbing the  pressure  in  the  middle  decom- 
pressing chamber.  Figure  8  is  a  diagram  of 
such  a  lock  with  connections. 

Some  one  has  suggested,  for  diving  bells 
and  caissons,  a  detachable  chamber  like  a 
boiler  which  the  men  could  enter,  and  thus 
take  as  long  as  necessary  to  decompress. 

The  men  on  the  East  River  tunnels  re- 
belled against  16  mins.  for  decompression, 
but,  after  putting  the  responsibility  up  to 
the  foremen,  in  time  they  found  that  it  was 
a  safeguard  and  voluntarily  lengthened  the 
time  to  20  mins.  and  gladly  submitted  to 
48  mins.  for  40  lbs. 

The  death  rate  due  to  caisson  disease 
was  comparatively  small,  averaging  19/100 
of  1  per  cent  for  the  whole  of  the  com- 
pressed-air work,  and,  from  the  experi- 
ence gained,  it  would  in  all  probability  have 
been  much  higher  if  the  decompression  had 
not  been  lengthened. 

The  fact  that  the  only  recognized  cure 
for  caisson  disease  is  recompression  in  a 
medical  air-lock  followed  by  slow  decom- 
pression, is  a  powerful  argument  in  favor 
of  slow  decompression,  and  where  it  is  at 
all  possible,  in  future  works,  regulated  de- 
compression will  in  all  probability  be  adopt- 
ed. 

In  caissons  with  small  air-locks  the  vol- 
ume of  air  remaining  when  the  lock  is  full 
of  men  is  very  slight,  and  very  rapid  de- 
compression takes  place.  The  workmen 
have  a  good  opportunity  to  become  sea- 
soned in  a  caisson,  as  the  pressure  begins 
at  1  or  2  lbs.  and  gradually  increases  day 
by  day  as  the  caisson  sinks,  and  the  high- 
est pressures  are  required  for  but  a  few 
days. 

On  the  East  River  tunnels  two  caissons 
were  sunk  to  a  final  pressure  of  33%  lbs. 
and  very  few  cases  of  caisson  disease  oc- 


curred, none  of  which  was  fatal  although 
the  decompression  was  rapid.  On  the  oth- 
er hand,  on  account  of  the  tunnels  on  the 
Manhattan  side  starting  out  at  a  high  pres- 
sure, the  men  had  no  chance  to  get  sea- 
soned, and  many  cases  occurred,  though 
the  time  of  decompression  was  regulated, 
but  not  to  such  an  extent  as  Table  IV  in- 
dicates. 

Thus  far,  practically,  no  grandfatherly 
legislation  hampers  engineers  in  the  United 
States  in  compressed-air  work,  but  such 
legislation  is  threatened,  and  engineers 
should  be  prepared  to  guide  it.  The  engi- 
neer is  confronted  with  conflicting  testi- 
mony on  all  sides,  and,  though  his  experi- 
ence shows  that  some  men  are  capable  of 
rapid  decompression  without  injury,  he  also 
knows  that  many  men  are  injured.  Be- 
cause a  few  men  can  for  a  time  rashly  take 
the  risk,  shall  he  eliminate  good  men  from 
compressed-air  work  by  putting  them  to 
such  a  test  without  endeavoring  to  make 
it  safe  for  all  who  are  physically  sound? 


Personals. 

Mr.  B.  B.  Kelliher.  chief  engineer.  Grand 
Trunk  Pacific  Ry..  lias  transferred  his  head- 
quarters  from  Montreal   to  Winnipeg,   Man. 

Mr.  J.  S.  Calhoun,  Jr..  has  been  engaged 
as  superintendent  for  James  Devaiilt  &  Son. 
in  charge  of  the  erection  of  the  new  post- 
office   at   Moline,   111. 

Mr.  E.  C.  Crum,  civil  engineer  and  con- 
structor, Frederick.  Md..  has  been  appointed 
chief  engineer  of  the  Washington.  Frederick 
&  Gettysburg  Ry.  Mr.  Crum  will  continue 
his  private  practice  in  connection  with  his 
new  duties. 

Messrs.  Herbert  S.  Crocker  and  Milo  S. 
Ketchum,  Ms.  Am.  Soc.  C.  E.,  announce 
that  thev  have  formed  a  partnership  under 
the  firm  name  of  Crocker  &  Ketchum.  Con- 
sulting Engineers,  with  ofHces  at  Sll  17th 
St..   Denver,   Colo. 

Mr.  St.  George  H.  Cooke,  Assoc.  M.  Am. 
Soc.  C.  E..  has  changed  the  location  of  his 
office  from  the  Cambridge  Building.  Chester, 
Pa.,  to  the  Real  Estate  Trust  Building.  Phil- 
adelphia, where  he  will  continue  to  conduct 
a   general  civil   engineering  practice. 

Mr.  George  C.  Whipple,  of  New  York 
city,  has  been  retained  by  the  Water  Board 
of  Baltimore  to  make  a  sanitary  survey  of 
Lake  Roland  and  the  Jones  Falls  water- 
shed in  connection  with  the  preliminary 
work  for  the  new  $5,000,000  reservoir. 

Mr.  Walter  J.  Briggs  has  resigned  as 
director,  secretary  and  treasurer  of  Ernst 
Wiener  Co..  of  New  York  city,  and  Mr. 
Arthur  P.  Van  Schaick  has  been  elected 
vice-president  and  director  of  the  same 
company   with   headquarters   at   Chicago,   111. 

Mr.  John  F.  Stevens,  M.  Am.  Soc.  C.  E., 
has  resigned  as  vice-president  of  tlie  New 
York,  New  Haven  &  Hartford  R.  R.,  and  has 
been  engaged  by  the  Great  Northern  Ry., 
to  Investigate  and  report  on  water-power 
facilities  for  that  company  in  Montana  and 
Washington. 

Mes.srs.  Condron  &  Sinks,  1214-5  Monad- 
nock,  Chicago.  111.,  announce  that  they  have 
discontinued  their  connection  with  the  Cor- 
rugated Bar  Co.  of  St.  Louis,  Mo.,  and  will 
devote  their  attention  exclusively  t.  profes- 
sional engineering,  as  consulting,  designing 
and  supervising  engineers  for  railroads,  mu- 
nicipalities, architects  and  contractors, 
special  attention  being  given  to  reinforced 
concrete   and   steel    structures. 

Mr.  H.  E.  Warrington.  Chief  Engineer  of 
the  Cincinnati.  New  Orleans  &  Texas  and 
the  Alabama  Great  Southern  railways,  havr 
ing  resigned,  the  office  of  Chief  Engineer  is 
abolished.  Mr.  Curtis  Dougherty  has  been 
appointed  Engineer  Maintenance  of  Way. 
with  office  at  Cincinnati,  reporting  to  the 
General  Manager,  and  Mr.  B.  Herman  has 
been  appointed  Engineer  of  Bridges,  with 
office  at  Cincinnati,  reporting  to  the  Engi- 
neer Maintenance  of  Way. 

Victor  O.  Fi-iday.  a  member  of  the  Friday 
Contracting  Co..  Fitzsimmons  BIdg..  Pitts- 
burg, was  almost  instantly  killed  on  June  9. 
at  Hulton,  Pa,,  where  his  firm  is  building  the 
piers  and  shore  abutments  for  the  new  Oak- 
mont  bridge  across  the  Allegheny  River.  Mr. 
Friday  was  standing  under  a  derrick  which 
was  raising  heavy  stones  from  a  barge,  when 
the  boom  of  the  derrick  broke  and.  falling, 
struck  him  before  he  had  time  to  move  from 
the  spot  on  which  he  was  standing.  He  was 
32  years  old  and  was  a  son  of  the  foimder 
of  the  above  firm. 


Catalogs  Worth  Having. 

Engineers  and  contractors  should  have 
on  file  the  latest  catalogs  of  machines, 
tools  and  supplies  that  they  use.  In  sending 
for  catalogs  reviewed  or  advertised  in 
this  paper,  you  will  confer  a  favor  on  us 
if  you  will  write  direct  to  the  advertisers 
and  state  that  you  saw  the  catalog  men- 
tioned in  Engineering-Contracting.  If 
you  are  in  the  market  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  rlotify 
promptly  the  leading  manufacturers. 

No.  12S0.  Road  Rollers.— The  Kelly-Spring- 
field Road  Roller  Co.,  Springfield,  O, 

The  steam  road  roller  described  and  illus- 
trated in  this  3S-page  pamphlet  is  generally 
known  to  contractors  for  road  work.  Some 
of  the  illustrations  are  interesting  as  show- 
ing the  use  of  road  rollers  for  hauling  plows 
for  plowing  up  old  roadway.  Views  and 
description  are  also  given  of  the  Springfield 
scarifier. 

No.  12S1.  Crushing  and  Road  Machinery. — 
Climax  Road  Machine  Co.,  Marathon,  Cort- 
land Co..   N,   Y. 

This  is  a  well  written  descriptive  pamphlet 
of  24  pages  illustrating  and  describing  the 
line  of  rock  crushers,  portable  crushing 
plants  and  road  machinery  manufactured  by 
the  above  well  known  firm.  The  catalog 
is  especially  interesting  for  the  full  descrip- 
tion which  it  gives  of  the  construction  of 
the  several   machines  illustrated. 

No.  1282.  Alaska-Yukon-Pacific  Exposi- 
tion.— American  Locomotive  Co.,  New  York 
city. 

This  31-page  pamphlet  illustrates  and  de- 
scribes the  joint  exhibit  of  this  company 
and  the  Atlantic  Equipment  Co.  at  the  Ex- 
position now  in  progress  at  Seattle,  Wash- 
ington. The  exhibit  consists  of  a  Rotary 
snow  plow,  built  for  the  Chicago.  Milwaukee 
&  Puget  Sound  Ry. :  two  locomotives,  each 
representing  the  builder's  new  standard  de- 
sign of  its  type;  one,  a  six-coupled  tank  or 
2-6-2  type  locomotive  for  logging  service, 
and  the  other,  a  10  x  16  in.  four-wheel 
saddle  tanit  contractor's  locomotive;  an  elec- 
tric motor  and  trailer  ti'uck.  built  for  the 
Soutliern  Pacific  Co.,  and  a  new  model. 
Class  45-10-2H.  Atlantic  steam  shovel.  A 
separate  chapter  is  devoted  to  each  equip- 
ment exhibited  in  which  is  illusti-ated  tlie 
machine  itself,  and  the  special  features  of 
the  design  are  briefly  described.  Reference 
is  also  given  in  each  chapter  to  other  of  the 
company's  publications  presenting  different 
designs  and  types  of  the  same  class  of  equip- 
ment: and  on  page  31  is  an  index  of  all  the 
catalogs  in  print  issued  to  date  by  the  two 
companies. 

No.  1283.  Gas  and  Gasoline  Engines. — 
Olds  Gas  Power  Co..    Lansing.   Mich. 

This  is  one  of  the  very  best  descriptive 
catalogs  that  we  have  ever  seen.  It  presents 
the  merits  of  the  Olds  Type  A  engine  in  its 
various  forms  and  sizes.  The  construction 
of  the  engine  is  clearly  described  and  the 
various  structural  and  operation  advantages 
claimed  for  it  are  fully  and  clearly  pre- 
sented. One  of  the  notable  features  of  the 
pamphlet  is  the  illustrations  showing  the 
engine  connected  up  to  various  machines 
such  as  concrete  mixers,  centrifugal  pumps 
and  agricultural  machinery. 

No.  12S4.  Steel  Forms. — George  W.  Jack- 
son.   Inc..   Chicago,   111. 

This  pamphlet  describes  a  system  of  steel 
forms  for  walls  and  arches  with  illustrations 
of  their  application  to  different  purposes. 
The  steel  centers  for  arches  are  particularly 
Interesting. 

No.  12S5.  Concrete  Buildings  and  Other 
Construction.  —  Colorado  Portland  Cement 
Co..   Denver,   Colo. 

This  50-page  pamphlet  briefly  describes 
the  merits  of  the  different  kinds  of  office 
and  factory  buildings.  Devotes  about  30 
pages  to  the  recommendations  of  a  joint 
committee  of  the  various  national  associa- 
tions interested,  which  is  a  valuable  synopsis 
of  the  present  knowledge  of  the  subject  and 
shows  plainly  that  the  height  of  reinforced 
concrete  buildings  should  not  be  arbitrarily 
limited,  but  be  governed  as  steel  buildings 
are.  by  the.  size  and  strength  of  the  mem- 
bers. It  also  has  chapters  on  the  relative 
resistance  to  fire  of  cement,  stone  and  brick 
buildings,  showing  the  advantages  of  the 
former:  on  sewer  pipe,  showing  the  super- 
iority of  cement  pipe;  on  cement  street 
paving  and  cement  shingles.  It  is  well 
printed    and    illustrated. 


June  23,   1909. 
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Reinforced  Concrete  in  the  Proposed 

New  Building  Code  of  New 

York   City. 

Building  codes  arc  burn  to  trouble,  .\fler 
three  years'  delilKT^iiinn^  an  al' 
committee  has  compilrij  .1  nev. 
ctnlc  for  the  cities  ui  drcitrr  New  ^ork 
Its  chief  siicces4seem>  tn  ha\e  licen  in  armis- 
iiig  criticism.  Not  only  have  nearly  every 
technical  organization  and  many  individual 
engineers  passed  criii.iMn  hut  the  commit- 
tee who  drafted  the  lincumenl  is  divided  in 
opinion,  and  one  faction  condemns  what 
another  faction  approves.  So  far  as  re- 
ports indicate  this  criticism  is  directed 
pretty  generally  to  all  of  the  engineering 
features  of  the  code.  Particular  attack, 
however,  is  made  on  those  portions  relat- 
ing to  reinforced  concrete  construction, 
and  from  the  printed  reports  of  a  public 
hearing  which  has  just  come  to  hand  we 
judge  tlai  this  attack  is  entirely  war- 
ranted. We  do  not  propnsi-  here  to  specify 
even  the  obvious  faults  1^  f  detail,  but  the 
general  criticism  of  reinforced  concrete  as 
a  building  material  which  the  code  implies 
does  call  for  mention. 

Briefly,  while  all  other  building  mate- 
rials arc  unlimited  as  to  use  in  buildings 
of  any  height  desired  the  use  of  reinforced 
concrete  is  limited  to  buildings  T.5  ft.  in 
height.  This  is  the  figure  of  the  majority 
report  of  the  aldermanic  committee ;  the 
minority  report  increases  the  limit  to  8-)  ft. 
Just  why  these  particular  heights  were  as- 
sumed to  be  the  proper  limits  we  do  not 
know  and  we  anticipate  that  the  committee- 
men who  signed  the  reports  would  be  puz- 
zled to  tell.  But  regartlless  of  thb  de- 
tail why  should  any  limit  of  height  be  put 
on  reinforced  concrete  buildings?  We  can 
understand  and  can  even  find  a  measure  of 
approval  for  a  law  restricting  the  height  of 
all  city  buildings  but  no  distincli<in  should 
be  made  in  this  law  between  concrete  and 
any  other  building  material.  New  York 
City  has  concrete  buildings  over  So  ft.  high 
and  they  are  doing  their  work  safely  and 
well,  .so  that  the  aldermanic  committee  did 
not  even  have  to  go  from  home  to  find  an 
indication  at  least  that  their  height  restric- 
tion was  foolish.  But  there  is  small  sense 
in  quoting  evidence  of  this  sort  or  of  any 
sort  to  show  that  reinforced  concrete  is  a 
safe  material  with  which  to  build  to  any 
height  which  the  limitations  set  by  good 
design  and  commercial  considerations  will 
allow. 

Reinforced  concrete  slructurci,  that  is 
structures  whose  iraiiicwork  is  wholly  of 
reinforced  concrete  will  not.  except  in  \ct} 
rare  cases,  lie  atlrmplc<l  lievond  certain 
heights,  .\ftcr  a  height  of  say  ten  or 
twelve  stories  i«  re.ichcd  reinforced  col- 
umns l>ccome  so  bulky  that  commercial 
considerations  will  compel  engineert  and 
builders  to  resort  to  a  fireprioifed  steel 
structure.  No  building  cmie  should  do 
more   than   to   establish   allowable    stresses 


leriaU,  etc..  for  reinforced  coiKrcte  build- 
ing work.  It  ■  .  ■  -  ..1 
on  the  same  > 
governed  and  u;i  v.u 

It    it   a   curious    fa.                   tfrmr   has 
had   to   fight   IIS   way   m    Nc<* 
from    its    very    first    advent    i:  ■  4 
wiifk  as  a  material  for  fire                    r  con- 
struction.    Not  a  few  of :»  will 

recall  the  struggle  that  took  place  I'J  or  13 
years  ago,  when  the  concrete  ('■  ■  ■  •  "s 
and  clay  tile  fire-proofing  inter  i 

horns  over   ;  .'icld 

of  New  Y'  It 

was  th-  V 

York    1 

test,   which    aitcrward    t>ecame  : 

many   other   cities.      Concrete   !,•  ■      ,  1 

its  right  to  be  considered  a  safe  material 
for  fireproof   floor  construction     •••'       -"r 
to  a  rank  in  this  field  which  p;< 
have  served 

There  i»  .. 
forced 
dence  !•: 

ing  that  they  have  gi'^ 
ar.ce  in  a  weak  way.     ^     :  : 

general  criticism  has  been  presented  ind 
criticism  that  is  wholly  destructive.  No 
one  has,  so  far  as  we  know,  come  before 
the   aldermanic   committee        '"  '  •'     v- 

set  of  substitute  rules  or  of  1 

which  a  definite  stand  can  It  is 

not    enough    to   cry   lh:it    n  -le    i« 

bad,  the  critic   s) 
lion  to  offer,  but 

This  has  not  been  done  and  the  fact  has 
not   escaped   the  committeemen   who   have 
lieim  taking  evidence.     In   the  printed   re- 
port of  the   first   hearing   which   is   '    • 
us  we  find  evidence  of  this  fact  in  : 
mark  of  one  of  t 

II   riMtilit   b»-  n   K 
If  '         . 

vii  1 

at. 
b.\ 

Iti-  ' 

In 
U. 
cii- 

nch'Ilt.     U-.-.llimf     {• 

liow  to  correct  It   ■ 

A  committee  01  inc    mil 
Civil    Engineers   has   licen 
in    the    last    week    to   protc»; 
provisions   of   this   prop<>«r»l      * 
building    code.      In    • 
portunity   of   this   con 
usrfid    work    lies   in 

aliove   quotation    sui^gi.   ; .- 

Any  general  protest  will  fall  little  si- 
uselessness. 
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Concrete  and  Reinforced  Concrete  Section 


Note: — This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  cover  the  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mixing,  transportation  and  placing;  fabrication  and  placing  of  reinforcement, 
and  form  construction  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


A  Concrete  Mixing  and  Handling  Plant 
for  Constructing  a  Dam  With 
Some  Details  of  Coffer- 
dam Work. 

Unusual  efficiency  in  mixing  and  handl- 
ing concrete  for  a  large  dam  was  obtained 
by  the  plant  arrangement  illustrated  and 
described  here.  The  dam  was  built  to  cross 
the  Connecticut  River  between  Vermont 
and  New  Hampshire  at  Billows  Falls,  Vt., 
and  it  contained  o,'2-jO  cu.  yds.  of  rubble 
concrete.  It  replaced  an  old  timber  dam. 
This  old  dam  in  order  to  take  advantage 


Crete  was  reduced  to  a  size  such  that  at 
least  80  per  cent  passed  a  2-in.  ring.  The 
rubble  stones  were  at  least  1  cu.  ft.  in 
volume.  A  clearance  of  8  ins.  was  re- 
quired for  all  embedded  rubble.  The  dam 
was  designed  by  Charles  T.  Main  of  Bos- 
ton, Mass.,  and  the  Aberthaw  Construction 
Co.,   of   Boston,   was  the   contractor. 

The  general  lay-out  of  the  work  is 
shown  by  Fig.  2.  The  conditions  were 
these.     The    deepest    water   was    near   the 


Q-lOTi 


ie  Ohsfeef/a^/ye 


Sm.  Ci>/?/i^ 


f'SS/ 


of  the  dam.  Briefly,  then,  the  bulk  of 
the  materials  required  for  concrete  mak- 
ing were  located  on  the  Vermont  shore 
while  the  plant  had  to  be  located  ^n  the 
New   Hampshire   shore. 

Two  plans  for  handling  the  work  were 
considered  besides  the  one  adopted.  One 
was  a  cableway  plant.  This  offered  free- 
dom from  damage  by  flood,  but  owing  to 
the  zig-zag  course  of  the  dam  did  not  ap- 
pear to  "cover"  the  work  so  well  or  to  be 
of  such  general  utility  as  the  plan  adopted. 
A  second  plan  consisted  in  maintaining 
the  mixer  plant  on  a  large  pontoon  and 
of  supplying  this  with  smaller  pontoons. 
By  mounting  the  mixer  high  on  the  pon- 
toon it  might  have  been  possible  to  run 
the  concrete  directly  into  the  forms,  but 
the  expense  of  hoisting  the  materials,  slow- 
ness of  operation  and  cost  of  pontoons 
seemed  to  make  this  plan  less  desirable 
than  the  one  adopted.  Briefly  the  adopted 
plan  was  to  build  a  stationary  mixing 
plant  (Fig.  3)  on  the  New  Hampshire 
shore  and  to  carry  a  dump  car  track  from 
it  on  a  trestle  directly  over  and  following 
the  crest  of  the  dam.  The  view  Fig.  4 
shows  the  nature  of  this  track ;  the  mixing 
plant  is  dimly  seen  located  near  the  foot 
of  the  arch  bridge  in  the  distance. 

Gravel    and    stone    were     hauled     across 


GrSSSO 


Fig.   1. 


Typical    Sections    of    Bellows    Falls  Concrete  Dam 
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of  outcropping  ledges  had  a  zig-zag  course 
across  the  river ;  there  were  five  bends 
in  the  line.  The  new  dam  was  built  just 
below  the  old  dam,  its  vertical  back  close 
to   the   front   face   of  the   cribwork  of   the 


Vermont  shore  and  the  depth  grew  shal- 
low at  the  New  Hampshire  shore.  The 
Vermont  shore  was  not  available  for  con- 
tractor's plant  but  there  was  plenty  of 
room  on   the   New   Hampshire   shore.     On 


the  bridge  to  the  mixer  plant  from  the 
gravel  pit  and  quarry  on  the  Vermont 
shore.  The  gravel  was  excavated  by  an 
orange  peel  bucket  and  dropped  onto  a 
screen    at   the    top    of    elevated    bins    with 


cng:-  Conrg. 
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Fig.  2.     Plan  of  Bellows  Falls  Dam  Work    With  Cofferdam   Details. 


old    dam   after    removal   of   the   apron,   as 
shown  by  Fig.  1. 

The  alinement  of  the  new  dam  is  in- 
dicated on  Fig.  2.  Measured  along  the 
crest  its  total  length  is  563.2  ft.  Its  great- 
est height  is  38  ft.  It  is  built  of  1-3-5 
concrete  with  not  exceeding  30  per  cent  of 
rubble  stones.     The  aggregate  for  the  con- 


the  Vermont  shore  about  50  yards  from 
the  bridge  there  was  a  gravel  bank  and 
about  %-mile  away,  a  quarry.  Stone 
could  also  be  had  from  excavation  for 
footings  necessary  on  the  Vermont  side, 
."^bout  50  yards  upstream  from  the  dam 
a  highway  bridge  crossed  the  river  with 
its  floor  some  26   ft.  higher  than  the  crest 


hopper  bottoms.  The  screens  separated 
the  pebbles  from  the  sand  and  the  mate- 
rials were  separately  chuted  direct  from 
the  bins  into  wagons.  A  %-cu.  yd.  orange 
peel  bucket  was  used,  operated  by  a  der- 
rick, with  a  40-foot  mast  and  a  70-ft. 
boom  and  having  a  Tx9-in.  engine. 

The  mixer  plant  was  the   framed  struc- 
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turc  shonii  in   plan  ami  by   Fig. 

3.     The  wat!''»>  cro»»iiiK  '.  kiruicl 

and    stone    drove    onto    the  ;                    nd 

dumped     their     loads     onto  ..rd 

chutes.      Stone    and    gravel  wcic    uashcd 

A    perforated    pi|>e    fe<l    by  a    ccntrifuRal 
:                 '        '         "   r    over   the   Kravel   and 

out    the  ilirt    and    line 

...      ■■•I     l'-.r.,ii,.',     r',.-      ..    r,-^m 

:  and  wi •■  the 

water   cli  atc- 

ii.i,     ;'      "d    into    the    bins.      dates    at    the 
l^,::  ■!   the  bins  connected  with  chutes 

tor    drlnrring    the    materials    as    wanted 
The  chutes  from  the  sand  and  gravel  bins 


wer 

leiiK' 

reclly  abutc  and  a'fi'A   \ 

track    was    Irvrl    H'    ;    M 

sidings    ' 

track    » 

>ar.' 

ir.i 

cor. 

chinerv  as  u ' 
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pelled   by   hand,    ' 
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Fig.   3.      Plan   and  Elevation    of   Concrete    Mlxino  Planta  Bellowi  Falls  Dam. 
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a  vertical  steam  boiler  of  10  to  12  HP.  for 
the  purpose  of  heating  the  water,  sand  and 
stone.  A  2-in.  pipe  with  cross  arms  of  1- 
in.  pipe  at  right  angles  to  it,  pierced  witli 
%-in.  holes  and  connected  with  the  boiler 
by  a  short  length  of  steam  hose,  served 
to  supply  sufficient  heat  to  prevent  freezing 
by  blowing  live  steam  into  the  sand  and 
stone.  A  permanent  1-in.  connection  was 
taken  off  the  boiler  and  turned  down  into 
the  w'ater  barrel  whicV"   was  mounted  on  a 


A  New  Form  of  Beam  Reinforcement 

Using  Expanded  Metal  Stirrups. 

The  accompanying  illustrations  show  a 
new  beam  reinforcement  designed  by  Mr. 
Ernest  McCullough,  C.  E.,  and  now  being 
made  by  the  Northwestern  Expanded  Metal 
Co.,  of  Chicago,  111.  This  reinforcing  unit 
has  been  designed  with  the  matter  of  web 
reinforcement  particularly  in  mind,  and 
it    is    believed   to   satisfy    all   requirements. 


the   bottom    of   the    form   at    any   required 
distance. 

The  company's  method  of  designing  a 
beam  involving  the  use  of  this  web  rein- 
forcement is  to  determine  the  amount  of 
steel  required  for  tension  in  the  bottom, 
in  the  middle  of  the  beam.  Then  deter- 
mine the  number  of  stirrups  that  would  be 
used  on  one-half  the  beam  and  use  this 
number  of  layers  of  expanded  metal.  The 
sum  of  the  areas  of  the  layers  of  ex- 
panded metal  being  subtracted  from  the 
total  amount  of  steel  required  in  the  mid- 
dle of  the  beam,  gives  the  amount  of  steel 
required  to  be  furnished  in  the  form,  of 
rods  or  bars.  These  rods  or  bars  are  then 
put  in  place  and  the  beam  is  fabricated. 


Fig.  4.     View  of  Bellows  Falls  Dam  Work    Showing   Forms   and   Service   Railways. 


platform  back  of  the  concrete  machine,  and 
served  to  heat  the  water  used  in  mixing 
the  concrete.  No  precautions  were  taken 
to  prevent  freezing  of  the  concrete,  other 
than  covering  it  with  salt  hay  after  it  had 
been  placed.  Concrete  was  placed  when 
the  temperature  at  the  street  surface  was 
as  low  as  lo°  F.  and  no  bad  effects 
due  to  freezing  of  the  concrete  are  notice- 
able.   

Unit  Cost  of  Pipe  Scicers  at  Washing- 
ton, D.  C. — The  following  table,  taken 
from  the  report  of  the  Engineer  Depart- 
ment of  the  District  of  Columbia  for  the 
year  ending  June  30,  1008,  shows  the  av- 
erage cost  per  linear  foot  of  pipe  sewers 
constructed  by  day  labor  during  the  fiscal 
year : 


NEC  :  gC  o  O 

to  J  O  O  E-> 

Ft.       Lin.  ft.       Lin.  ft.  Lin.  ft. 

8-in 949     $0,422         $1,343     $1,765 

10-in 12.657  .498—         1.262  1.76 

12-in 20,347  .61  1.44  2.05 

15-in 5,118  .752-1-         1.69  2.442 

18-in 3.058  .90  -|-      •  1.906         2.806 

21-in 851         1.139  1.737         2.876 

24-in 517         1.504—         3.648         5.252 

10-in.  con- 
nection   ...   1.098  .498  .031         1.129 
12-in.    con- 
nection    ...3,055           .61                 .72  1.33 
15-in.  con- 
nection   ...      198           .752               .845         1.59 
IS-in.  con- 
nection    ...      131           .90                 .953         1.853 
Catch- 
basins     186       17.66              26.787       44.447 

In  the  table  it  is  assumed  that  the  cost 
of  materials  used  in  basin  construction  is 
the  same  as  that  in  the  same  size  sewer.  It 
is  also  assumed  that  on  account  of  the 
difference  in  depth  of  excavation  the  cost 
of  labor  for  catch  basins  is  half  the  cost  ■ 
of  that  of  the  same  size  sewer.  The  table 
does  not  include  cost  of  work  of  excep- 
tionallv  difficult  coifttruction. 


The  claims  made  are  specified  as  follows 
by  the   inventor : 

(1)  The  web  reinforcement  is  rigidly 
attached  to   the   horizontal   tension   steel. 

2.  The  web  reinforcement  is  so  ar- 
ranged in  the  beam  that  it  is  a  part  of  the 
horizontal   tension   steel. 

(3)  The  web  of  expanded  metal  mesh 
that  takes  the  place  of  stirrups  ordinarily 
used,  can  be  so  arranged  that  the  spacing 
between  the  webs  can  be  of  any  desired 
amount. 


Methods     of     Constructing    Concrete 
Silos  with  Some  Data  on  Design. 

I. 

Silo  construction  provides  one  of  the 
most  valuable  of  the  many  uses  for  con- 
crete on  the  farm.  The  advantages  of  con- 
crete over  wood  are :  It  is  not  rotted  by 
the  acid  and  moisture  of  the  silage ;  it  is 
vermin  proof,  and  it  costs  very  little  to 
maintain  and  repair.  Concrete  silo  con- 
struction is  usually  conducted  by  small 
local  contractors  or  by  the  farmer  himself ; 
both  usually  have  small  knowledge  of  con- 
crete. This  article,  therefore,  goes  more 
minutety  into  details  of  construction  than 
would  be  essential  were  it  written  for  ex- 
perienced concrete  designers  and  builders. 
It  has  been  prepared  from  several  recently 
published  articles*  and  from  miscellaneous 
data  collected  by  the  editors. 

TYPES   OF   CONCRETE   SltOS. 

Three  types  of  concrete  silos  are  em- 
ployed: (1)  Solid  wall  monolithic  con- 
crete; (2)  hollow  wall  monolithic  concrete, 
and  (3)  concrete  block.  All  three  types 
have  given  successful  results.  Choice  be- 
tween them  is  decided  by  relative  local  cost 
and  by  the  extent  which  it  is  deemed  neces- 
sary to  guard  against  frost. 

Cost. — Local  conditions  affect  materially 
the  relative  costs  of  the  three  types  of 
construction  specitied.  Generally,  hollow 
wall  monolithic  construction  will  cost  25 
per  cent  more  than  solid  wall  monolithic 
construction ;    as    between     concrete     block 


Unit    Reinforcing    Frame   with    Expanded    Metal  Stirrups. 


(4)  The  web  reinforcement  after  going 
through  the  beam  diagonally,  or  vertically 
as  the  dcsigrer  may  desire,  is  bent  over 
near  the  top  of  the  beam  so  that  it  is 
thoroughly  tied  into  the  concrete  that  is 
in   compression. 

(•"))  Tl:e  method  of  holding  the  layers 
of  e.vpanded  metal  together  and  of  attach- 
ing them  to  the  horizontal  steel  rods  or 
bars  is  capable  of  almost  any  adjustment 
desired  and  the  bolts  that  run  through  can 
l)e  so   adjusted  as  to  hold  the  steel  above 


construction  and  hollow  w'all  monolithic 
construction,  economy  is  sometimes  in 
favor  of  one  and  sometimes  in  favor  of 
the  other.  Some  examples  of  cost  of  con- 
crete silo  construction  are  given  in  a  suc- 
ceeding   section.     In    planning    to    build    a 


*C.  W.  Gaylord  and  Percy  H.  Wilson,  in 
Bulletin  21.  Association  of  American  Port- 
land Cement  Manufacturers:  M.  L.  King,  in 
Proceedings  Fifth  Annual  Convention.  Iowa 
Association  of  Cement  Users:  Walter  B. 
Phillips,  in  "The  Cement  Record."  May,  1909. 
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Fig.  1.     Sketch  of  Silo  Foundation. 

necessity   of   guanlinR   against    freezing    is 

a  <)uestion    (  1 )    of   cliinntic  conditions   and 

( i  >    nf   convenience   and   cost.     It    lakes   a 

Ic   period    of  cold      weather     to 
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:iii'l  \i  It  l^  thawed  out  before  feeding  the 
irciiing  cauMS  no  injury  to  the  stock  eat- 
ing it.     The  question   is  then  whether  the 
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and  the  dimension*  of  the  silo  itself.  The  diameters  civen  are  such  that  at  least  'J  Ins.  In 
depth  of  silage  will  be  taken  off  dally 
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cost  in  labor  and  time  of  thawing  frozen 
silage  is  great  enough  to  warrant  a  more 
ex|Hiisive  silo  construction  to  prevent 
frce/ing.  This  answer  of  course  depends 
uiion  the  duration  of  the  freezing  weather; 
the  relative  cost  of  the  two  types  of  con- 
struction, and   the  expense  of   thawing 

SIZE    A.Vn    CAI'Al  ITV    OF    SILOS. 

The   size   and   capacity   of   silo   required 
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cle,  then  shorten  the  cord  to  a  length  equal 
to  A'  E  and  mark  a  second  circle.  The 
proper  lengths  of  cord  X  B  and  X  E  will 
be  found  in  Table  III  opposite  the  diam- 
ter  of  silo  it  is  planned  to  build.  Ne.xt 
excavate  the  trench  E  B  D  C  entirely 
around  the  pit.  Table  III  shows  the  depths 
B  C  and  the  widths  E  B  of  this  trench  for 
different  diameters  of  silo.  If  the  ground 
is  so  soft  that  the  sides  of  the  trench  will 
not  stand  alone  support  them  by  short 
lengths  of  boards  on  edge  and  held  by 
stakes.  Next  cut  down  the  floor  of  the 
pit  within  the  circle  of  the  trench  enough 


Fig.  1.     Clamp  Applied  to  Interior  Girder 
Form. 

to  make  the  side  L  D  i  ins.  less  than  tlie 
side  B  C ;  this  gives  a  4-in.  concrete  floor 
when  the  trench  is  filled  the  full  depth  B  C 
with  concrete.  Use  a  medium  wet  1-3-0 
mixture  and  tamp  it  well ;  smooth  off  the 
top  between  F  and  E  as  this  will  be  the 
floor  of  the  silo. 

E.xample  II. — Where  the  ground  is  soft 
construct  the  foundation  as  in  example  I. 
except  that  it  should  be  reinforced  as  fol- 
lows :  After  covering  the  bottom  of  the 
trench  about  4  ins.  deep  with  concrete  place 
reinforcing  bars  or  wires  upon  the  con- 
crete. These  bars  or  wires  should  be  bent 
into  circles  reaching  entirely  around  the 
trench.  The  first  circle  should  be  placed 
about  3  ins.  from  the  outside  face  of  the 
trench;  the  second  circle  6  ins.  inside  the 
first,  the  third  circle  6  ins.  inside  the  second 
and  so  on  for  the  full  width  of  the  trench. 
On  these  circles  lay  short  rods  reaching 
across  the  trench :  the  outer  ends  of  these 
rods  should  be  12  ins.  apart  and  the  direc- 
tion of  the  rods  should  point  to  the  center 
X.  When  the  reinforcement  has  been 
placed  continue  the  filling  of  the  trencli 
with   concrete. 

Example  III. — The  following  directions 
for  constructing  a  foundation  for  a  10-ft. 
silo  are  given  by  W.  B.  Phillips,  C.  E. : 
Excavate  a  circular  pit  13  ft.  8  ins.  in  di- 
ameter and  make  the  bottom  smooth  and 
level.  Place  a  -l-in.  layer  of  1-2-4  concrete 
over  the  whole  bottom.  On  this  lay  two 
8xl2-ft.  sheets  of  expanded  metal  crossing 
each  other  at  right  angles  at  the  center  of 
the  foundation ;  elevate  the  expanded 
metal  sheets  at  the  center  as  shown  at  A 
Fig.  2  and  block  them  up  with  stones. 
Place  8  ins.  of  concrete  embedding  the  ex- 
panded metal.  Next  cut  a  sheet  of  ex- 
panded metal  lengthwise  into  three  strips 
and  connect  these  strips  end  to  end  to 
form  a  ring  10  ft.  10  ins.  in  diameter;  set 
this  ring,  E  E,  on  edge  on  the  concrete 
footing  and  concentric  with  the  walls  of 
the  silo.  Finally  complete  the  concreting 
of  the  footing  to  the  ground  level.  In 
connecting  up  the  strips  of  expanded  metal 
to  form  the  ring  E-E.  lap  the  ends  and 
wire  them  firmly  together ;  use  a  No.  10 
gage  3-in.  mesh  expanded  metal  through- 
out. While  the  drawing.  Fig.  2,  shows  a 
foundation  only  2  ft.  below  ground,  it  is 
plain  that  this  same  footing  can  be  con- 
structed in  as  much  deeper  a  pit  as  con- 
ditions   necessitate. 

Example  IV. — Excavate  a  pit  to  the 
necessary  depth  and  diameter  and  within  it 


construct  a  circular  footing  wall  to  the 
ground  surface.  This  wall  will  require  cir- 
cular forms  of  one  of  the  styles  described 
later.  Fill  inside  the  footing  wall  with 
cinders,  gravel  or  broken  stone  placed  in 
layers  and  tamped  hard.  Fetch  this  filling 
up  to  within  8  ins.  of  the  top  of  the  wall. 
Roughen  the  inside  of  the  wall  above  the 
filling  by  picking  with  a  stone  axe  and 
wash  down  the  picked  surface.  Fill  in- 
side the  wall  with  concrete  to  within  1  in. 
of  its  top.  This  concrete  should  be  tamped 
into  close  contact  with  the  picked  surface ; 
a  l-2%-3  concrete  mixture  will  serve  for 
both  wall  and  floor.  This  construction  was 
employed  for  a  200-ton  silo  at  White 
Plains,  N.  Y. 

General  Suggestions. — The  foundation 
bed  of  earth  on  which  the  concrete  is 
placed  should  be  dry  and  firm.  If  rain  en- 
tering the  pit  makes  mud  it  should  be  re- 
moved and  if  there  is  much  ground  water 
fill  in  a  few  inches  with  gravel,  pebbles  or 
crushed  stone  before  placing  the  concrete. 
The  concrete  footing  should,  if  possible,  be 
placed  continuously  until  it  is  finished.  To 
this  end  see  that  all  materials  for  the  con- 
crete are  on  hand  and  that  the  reinforce- 
ment is  cut  and  made  ready  to  put  in  place 
rapidly  so  that  it  can  be  got  into  place  and 
concreting  be  resumed  before  the  concrete 
previously  placed  has  begun  to  set. 


An  Adjustable  Metal  Clamp  for  Con- 
crete Forms. 

One  of  the  most  annoying  problems  of 
form  construction  for  concrete  work  is  the 
problem  of  devising  fastenings  or  frames 
for  holding  the  forms  together.  Such  fas- 
tenings to  be  wholly  satisfactory  must  sat- 
isfy a  number  of  requirements.  They  must 
fasten  and  hold  the  parts  together  rigidly 
and    maintain    their    position    under    load- 


Fig.  2.     Clamp   Applied  to   Column   Form. 

ing ;  they  must  "save"  the  form  lumber ; 
they  must  be  quick  and  easy  to  place  and 
remove,  and  they  must  be  adapted  to  varia- 
tions in  size  of  concrete  members.  A  great 
many  formfc  of  clamps  and  form 
holders  have  been  devised  but  none  of 
them  has  met  with  general  favor  and  most 
builders  still  employ  wooden  yokes,  cleats, 
braces,  etc.,  for  fastenings,  while  waiting 
for  a  more  perfect  and  economical  means 
to  be  devised. 

The  accompanying  illustrations  show  a 
late  invention  which  has  been  offered  for 
consideration.  It  is  an  adjustable  metal 
clamp  adapted  to  fasten  both  column  forms 
and  girder  bo.xes.  The  clamp  is  made  in 
two  parts  shaped  like  a  carpenter's  square 
and  of  two  or  more  locks  through  which 
the  arms  of  the  "square"  slip  and  can  be 
held  tight  together  by  wedge  keys.  Tlie 
construction  is  simple.  Figures  1,  2  and 
3  show  the  clamp  applied  to  a  column 
form  and  to  a  wall  girder  form  and  an 
interior  girder  form,  respectively.  The 
operation  of  placing  and  removing  the 
clamps  are  simple  and  can  be  performed 
safely  by  any  workman  and  absolutely  no 
cutting  of  the  form  lumber  is  required 
for  either  operation.  This  clamp  is  made 
bv  the  Interlocking  Concrete  Steel  Co..  of 
Cleveland,  O.,  in  standard  sizes  of  2%  ft. 
over  all  of  %xP/4-in.  steel  and  are  sold 
for  $3  per  set. 


Papers  in  Engineesing  Education, 
and  on  Concrete. 

The  following  papers  and  reports  on  en- 
gineering education  are  to  be  presented  at 
the  annual  meeting  on  June  24-26  in  New 
York  City  of  the  Society  for  the  Promo- 
tion of  Engineering  Education  :  "Highway 
Engineering,"'  by  L.  W.  Page ;  "The  Rela- 
tion of  Engineering  Education  to  Indus- 
tries," by  Mr.  Charles  Buxton  Going,  ed- 
itor Engineering  Magazine ;  "Efiiciency  in 
Education,"  by  Professor  George  F.  Swain, 
Massachusetts  Institute  of  Technology; 
"The  Extension  Work  of  the  University 
of  Wisconsin,"  by  Professor  Louis  E.  Re- 
ber.  University  of  Wisconsin;  "Report  of 
the  Joint  Committee  on  Engineering  Edu- 
cation," by  Professor  Dugald  C.  Jackson,, 
chairman ;  "The  Five  Year  Courses,"  by 
Professor  Charles  Derleth,  Jr.,  University 
of  California :  "The  Five  and  Six  Year 
Courses  in  Engineering  Schools,"  by  Pro- 
fessor Robert  Fletcher,  Dartmouth  Col- 
lege; "The  Five  Year  Courses,"  by  Profes- 
sor William  T.  Magruder,  Ohio  State 
University ;  "Employer's  Requisites  of 
Technical  Graduates,"  by  Professor  Hugo 
Diemer,  The  Pennsylvania  State  College ; 
"Report  of  Committee  on  Graduation,"  by 
Professor  John  J.  Flather,  chairman ; 
"Outlines  of  the  New  Course  in  Elemen- 
tary Physics,"  by  Professor  William  S. 
Fraanklin,  Lehigh  LIniversity;  "A  Summer 
School  in  Surveying,"  by  Professor  Charles 
Derleth,  Jr.,  University  of  California;  "Ca- 
reers of  Graduates  of  the  University  of 
Michigan,"  by  Dean  Mortimer  E.  Cooley,, 
University  of  Michigan ;  "The  Requisite- 
Qualifications  of  an  Engineering  College 
Instructor,"  by  Mr.  Oliver  B.  Zimmerman,. 
Charles   City,  la. 

The  following  papers  relating  to  cements, 
and  concrete  will  be  presented  at  the  an- 
nual convention  on  June  26-29,  at  .\tlantic- 
City,  N.  J.,  of  the  .\merican  Society  for- 
Testing  Materials:  "Standard  Specifica- 
tions for  Cement''  report  by  committee ; 
"Tests  of  Plain  and  Reinforced  Concrete- 
Columns"  by  M.  O.  Withey;  "Suggestions, 
as  to  the  Practical  Use  to  "be  Made  of  Ce- 
ment Testing,"  by  Richard  K.  Meade ; 
"Further  Tests  of  Reinforced  Concrete 
Beams  Lhider  Oft-Repeated  Loads,"  by  H. 
C.  Berry;  "Tests  of  Bind  of  Steel  Rods. 
Imbedded  in  Concrete  by  Three  Meth- 
ods," by  H.  C.  Berrv ;  "Concrete  Rein- 
forced  by   Nails,"   by  L.    S.   Moisseift'. 


The     census     of     western     Canada,     ,-in- 
nounced    recently,    shows    a    population    of 
1,100,000.     Of   this   number   500,000   live   in. 


Clamp    Applied    to    Wall    Girder 
Form. 

Manitoba,  350,000  in  Saskatchewan  and 
275,00li  in  Alberta.  This  is  an  increase  of 
300,000   in   three  years. 


During  the  month  of  May  16,300  cu.  yds. 
of  masonry  were  laid  in  tlie  Roosevelt  Dam 
up  the  .A.rizona,  Salt  River  Project  of  the  ■ 
LT.  S.  Reclamation  Service.  The  dam  at 
the  end  of  the  month  was  78  per  cent  com- 
pleted. 
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means  of  the  A-frame  to  the  ground,  and 
automatically  dumped  on  the  surface  or 
into  wagons  or  carts.  It  can  be  operated 
either  by  horses  or  by  other  power  as 
steam  or  electricity.  In  hard  materials 
power  should  be  used  and  not  horses. 
With  this  A-frame  it  would  also  be  possi- 
ble to  loosen  earth  in  a  trench  with  a  plow, 
thus  saving  taking  stock  into  the  trench 
or  pit. 

The  Heffron  Trenching  Machine,  manu- 
factured by  the  Heffron  Trenching  Co- 
Cincinnati,  Ohio,  is  a  somewhat  similar 
machine,  designed  for  trench  work,  al- 
though it  can  also  be  used  for  the  exca- 
vating of  pits  and  cellars.  It  is  operated 
by  a  hoisting  engine.  There  is  A  platform 
kept  in  front  of  the  trench  with  a  runway 
from  the  trench  to  the  platform.  On  the 
platform  is  a  frame  over  which  the  hues 
operate  running  from  the  engine  to  the 
scraper.  The  earth  is  e.xcavated  whh  the 
scraper,  the  pan  of  which  is  shaped  some- 
what like  that  of  a  wheel  scraper.  The 
scraper  loaded  in  the  trench  is  pulled  up 
the  inclined  runway  where  it  is  automat- 
icallv  tipped,  and  the  load  is  dumped 
through  a  trap  into  a  wagon  or  cart  to  be 
hauled   away. 

When  it  is  necessary  to  loosen  the  earth 
before  using  the  scraper,  a  plow  is  operated 
by  the  hoisting  engine,  so  it  is  never 
necessary  to  use  oicks.  The  plow  weighs 
700  lbs.  It  is  stated  that  this  machine  can 
be  operated  on  streets  where  there  is  gas, 
water  or  other  pipes,  without  disturbing 
or  cutting  them,  and  can  be  moved  as  re- 
quired on  the  work  in  about  20  minutes. 
The  writer  is  informed  that,  where  plow- 
ing is  necessary,  that  from  a  trench  20  ft. 
deep,  an  average  of  130  cu.  yds.  in  ten 
hours  can  be  excavated.  The  following 
crew  is  needed  for  the  work: 

1    engineer    5  ^-9^ 

1    foreman ^-o" 

4    men    at    $2.0n S.OO 

Coal    and    supplies ■     -•"" 

Total    SIS"" 

This- gives  an  estimated  cost  of  11.5  cts. 
per  cu.  yd.,  which  is  low  for  a  trench  20  ft. 
deep. 

Such  power  scrapers  can  be  used  on 
small  jobs  as  well  as  large  ones.  There 
are,  however,  a  number  of  power  scrapers 
of  large  capacity  that  are  meant  to  do  ex- 
cavation for  many  classes  of  construction, 
and  all  of  these  can  be  used  for  trenches 
and  ditches,  especially  those  trenches  that 
are  wide  enough  to  suit  the  scrapers.  In 
deep  trenches,  where  shoring  and  cross 
braces  are  needed,  it  is  not  possible  to  op- 
erate scrapers,  except  to  start  off  the  work. 
This  is  frequently  done. 

One  of  these  power  scrapers  is  known  as 
the  Hevworth-New-man  Excavator  and  is 
sold  by'  James  O.  Heyworth,  Harvester 
building,  Chicago.  The  scraper  is  operated 
by  a  derrick  or  derrick  car,  locomotive 
crane  or  similar  device  and  naturally  such 
a  plant  is  expensive,  hence  the  scraper  can 
only  be  used  where  the  size  of  the  job  jus- 
tifies the  expenditure  of  capital  for  such  an 
outfit.  This  scraper  is  made  of  heavy 
boiler  plate,  and  is  so  shaped  as  to  give  the 
greatest  possible  strength  with  the  least 
weight.  The  mouth  of  the  scraper  has  a 
wide  opening.  In  dumping,  the  bucket  or 
scraper  is  inverted,  and  as  it  has  a  round- 
ed back  and  an  open  top,  it  is  stated  that 
the  material  can  never  become  packed. 
Consequently  it  is  impossible  for  the  ma- 
terial to  stick  in  the  scraper.  In  soft  ma- 
terials a  plain  heavy  lift  is_  used  on  the 
scraper,  but  in  hard  materials  standard 
shaped  steam  shovel  teeth  are  used.  The 
bucket  is  dumped  by  continuing  to  haul 
on  the  fall  line  until  the  sheave  block  is 
drawn   up   against   the   stop  on   the  boom. 


Further  hoisting  then  tilts  the  bucket  bot- 
tom up. 

The  Lidgerwood  excavator  is  a  some- 
what similar  device,  although  the  scraper 
differs  in  shape  and  in  arrangement  of 
lines.  The  general  method  of  operation  is 
similar,  and  its  range  of  work  is  about 
the  same. 

One  of  the  best  known  power  scrapers 
is  called  the  Page  bucket.  This  bucket 
and  the  Lidgerwood  excavator  are  manu- 
factured by  the  Lidgerwood  Manufacturing 
Company,  of  96  Liberty  street.  New  York. 
The  method  of  operating  the  bucket  is 
similar  to  the  two  scrapers  just  described. 
The  Page  bucket  has  had  an  extensive  use 
for  various  classes  of  excavation  within 
the  past  five  years,  and  it  has  been  used 
for  sewer  trench  work  at  Gary,  Ind.  See 
Engineerinc-Contr.acting  Aug.  5,  1908. 

One  of  the  earliest  types  of  power 
scrapers  placed  on  the  market  was  the 
.Armstrong  excavator.  This  scraper  has 
been  improved  and  is  now  manufactured 
by  the  H.  Channon  Co.,  Chicago,  111., 
and  is  known  as  the  Channon  scraper  ex- 
cavator. The  general  operation  of  this 
scraper  is  the  same  as  those  previously  de- 
scribed. 

The  Browning  ^Manufacturing  Co.,  of 
Mansfield,  Ohio,  make  the  Browning 
scraper  bucket,  which  is  adapted  to  the 
same  class  of  work  as  the  other  power 
scrapers. 

The  Brown  Hoisting  Machinery  Co.,  of 
Cleveland,  Ohio,  also  make  a  scraper 
bucket.  Both  of  these  makes  have  been 
used  in  connection  with  locomotive  cranes. 
In  trench  work  a  locomotive  crane  is  fre- 
quently useful  in  handling  pipe  or  other 
materials  that  have  to  be  placed  in  the 
trench. 

The  Bagley  grader,  made  by  the  Bagley 
Grader  Co.,  of  Tacoma,  Wash.,  is  also  a 
power  scraper,  designed  for  grading  work, 
but  can  be  used  for  trenching.  Derricks 
or  cranes  are  not  needed  to  operate  it  as 
it  drags  along  the  ground  by  a  direct  pull 
from  the  engine.  It  is  necessary  to  have 
a  deadman  in  the  ground  to  work  the 
back  line  of  the  scraper. 

(To  be   continued.) 


Some   Notes   on  Methods  of  Making 

Excavations   in    River    Beds    by 

Dredge    and    by    Cofferdam, 

With  Some  Percentages 

of  Costs.* 

BY   CH.\RLES    Y.    DIXON.t 

The  Detroit  River  is  about  28  miles  in 
length,  and  in  the  southern  portion  of 
about  lo  miles  length,  there  arc  a  number 
of  islands  which  divide  the  river  into  sev- 
eral channels.  The  river  has  ample  depth 
for  navigation  purposes  from  its  head  to 
about  10  miles  above  its  mouth,  where  it 
becomes  shallower  and  for  the  greater  part 
of  this  distance  the  river  bottom  consists 
of  limestone  bedrock  overlaid  in  sorne 
places  with  clay,  sand,  and  boulders.  It  is 
through  this  portion  of  the  river  that  chan- 
nel improvements  have  been  necessary.  For 
a  length  of  about  one  mile  about  five  miles 
from  the  river's  mouth,  in  that  part  known 
as  Lime  Kiln  Crossing,  the  bedrock  bottom 
is  without  the  earth  covering,  and  orig- 
inally the  safe  draft  for  vessels  over  it 
was  about  12  or  13  ft.  near  the  Canadian 
shore.  When  appropriations  were  first 
made  by  Congress  for  an  increased  depth, 
immediate  results  were  desired,  and  it  was 
here  that  the  work  was  done.  The  im- 
provement   of    this    channel    in    Canadian 


•Condensed  from  the  "Michigan  Technie," 
for  June,  1909. 


waters  was  continued  with  later  appropria- 
tions, and  it  is  still  in  progress. 

As  a  result  of  these  improvements  up  to 
1892,  there  was  a  least  depth  of  about  16 
ft,  for  a  channel  of  300  ft.  width  in  the 
narrowest  places,  although  in  some  locali- 
ties the  depth  had  been  increased  to  20  ft. 
for  short  distances.  During  1892,  a  gen- 
eral project  was  adopted  by  Congress  pro- 
viding for  20  ft.  depth  throughout  a  chan- 
nel of  safe  navigable  width.  Lender  this 
project,  up  to  1897,  a  channel  of  the  pre- 
scribed depth  and  of  300  ft.  or  more  width 
had  been  excavated  through  all  the  shoal 
areas  originally  specified ;  and  until  1902, 
the  improvement  consisted  in  increasing 
the  depth  and  width  at  angles,  exposed 
places  in  the  open  lake,  and  in  removing 
many  isolated  shoals  of  small  extent  that 
were  found  to  interfere  with  safe  naviga- 
tion. 

Prior  to  1902,  the  projects  for  channel 
improvements  provided  for  depths  at  a 
midsummer  stage  of  water,  but  as  a  result 
of  the  fluctuation  in  the  water  surface  due 
mainlv  to  storms,  there  was  often  a  least 
depth  of  only  17  ft.  instead  of  20  ft.  as  con- 
templated by  the  project.  Therefore  a  new- 
general  project  was  then  adopted,  provid- 
ing for  600  ft.  width  and  21  ft.  depth  at  a 
low  water  stage,  or  about  23  ft.  depth  at 
the  reference  plane  formerly  used.  This 
made  necessary  the  further  deepening  of 
all  that  portion  of  the  channel  which  had 
been  improved  up  to  that  time,  together 
with  much  additional  area.  Work  under 
this  project  is  now  near  completion.  The 
total  appropriation  for  Detroit  River  im- 
provement under  the  above  mentioned  pro- 
jects is  about  $4,000,000.  and  of  this  amount 
about  $150,000  is  still  unexpended. 

As  a  result  of  the  rapid  increase  in 
Great  Lakes  tonnage  at  this  time,  it  was 
evident  that  the  improvements  contem- 
plated by  the  existing  projects  would  soon 
become  inadequate  for  safe  navigation. 
Therefore,  in  1907,  Congress  made  appro- 
priations providing  for  a  number  of  addi- 
tional improvements,  among  others  being 
one  of  $6,670,950  to  secure  a  second  chan- 
nel through  the  shallow  portion  at  the 
mouth  of  Detroit  River.  This  channel  is 
to  be  of  22  ft.  depth  at  a  low  water  stage 
and  300  ft.  wide  from  its  north  end  to  Bar 
Point,  a  distance  of  six  miles,  thence  wid- 
ening to  800  ft.,  which  width  is  rnaintained 
to  deep  water  in  Lake  Erie,  a  distance  of 
six  miles. 

During  the  summer  of  1907,  accurate 
surveys  were  made  along  the  Livingstone 
Channel,  specifications  were  prepared,  and 
four  contracts  at  Sections  1,  2,  3  and  4  were 
let  for  the  entire  improvement  at  a  cost  of 
about  $400,000  less  than  was  estimated. 
The  w^ork  to  be  done  under  these  several 
contracts  will  be  paid  for  on  the  basis  of 
bank  measurement  of  material  removed, 
except  at  Section  4,  where  payment  will  be 
made  on  the  basis  of  scow  measurement. 
These  contracts  are  described  more  in  de- 
tail as  follows : 

Scclioti  I. — Contractors.  Great  Lakes 
Dredge  &  Dock  Co.  of  Chicago,  111.  The 
channel  area  has  a  length  of  5,800  ft.  and 
a  width  of  300  ft.  There  is  to  be  removed 
limestone  bedrock  with  some  overlying 
earth  and  boulders,  all  of  about  six  ft. 
average  depth  of  material,  to  the  extent  of 
392,000  cu.  yds.  at  an  average  price  of  $1.72 
per  cu.  yd.,  or  a  total  cost  of  about  $673,- 
200. 

Section  2. — ^Contractors,  Grant,  Smith  & 
Co.  and  Locher  of  Chicago,  111.  The  chan- 
nel area  has  a  length  of  7,500  ft.  and  a 
width  of  300  ft.  This  area  has  been  di- 
vided into  two  portions,  one  of  4,000  ft. 
length  to  be  surrounded  by  cofferdams  and 
excavated   in   the   dry,   and   the   remaining 


June  23.  KKK). 


ENGINEERINGCONTRACTING 


505 


3,U)0  it.  length 
vatrd     hv     Ihr 

I  . 


ctl    i.n    1: 
hiti  thi< 


I. 

Ar\'\)\  "t  iii.i'.:i.il  «o  ihr  rxiriii  oi   TlJ<,i«^>       rate  lor  the  tv^ 

c\:     :  '  i;    51  -'•'   per    011     yd  ;    nnri    Sv   »hr       p.tNmrin    f.-r   r- 
^  'mJ,  Ihrrr   will 

t  r»  n(  K  T  ft    .T. 

el    111.:'  ■      ■        ■ 

tent    •  • 

Ictiih  "I   111  r. -Ill  III  ilic  fxicnt  01    Ll-J.'"*! 

V"',;       ■.    '  -  '     >  '  ' -■'     ti.-r     *    !       \.I         III     il'I'Il't   '•; 

I     ■ 
C'   . 

pariul  iciii..vil  'I       ai.lt    ufc  u>   iullo'.v .       i 

fur    !i:(rii:il    rrii  r.        ll>r   aifcnl*   of  the   I'liilr 

'■  '»t   ol   tlii»    wrk    will   Lie    al">ut 

.  ,^  ..      1 .  .   * -        it...    .1 1 


10  which  referetifc  hat  heco 


lilt  :■• 
the  ilr. 


-    IIIa>    U 
'>v    the   II- 


1.    li    the 
1.  and  h. 

:ant 

nloilK 

ir 
A 

ic     Thcri 

Ill^(l.^;t 

•  Ir 

1      (or     llie 

if    t.. 

Kct 

ir 

U    the     r 

:   r   iiir   iia\  :„ 

dry  method  15  well  adapted  to  this  section 

on   account   of  the   »hallow    water   makinK 

the  cost   of  cofferdann   small  as  cumpareil 

to   the   amount   of  material   within   the   in- 

■  .      The   material    fur   the   cuffer- 

\cavatii|   from  the  channel  area 

•  i    the    cofferdam,    loaded    on    flat 

■^  -.    lowed   to   the    site   of    the   dam    by 

!      :    :e>,    and    there    unloaded    by    steam 

1^.     The  details  of  this  cofferdam,  its 

!r.  •:•..!    of    construction    and    actual    site 

were  left   mainly   to  the  contractors,   who 

arc  held  rc-;>'insible  for  its  maimenance 

StifioH  3 — Contractors.  P.  }<  ■■1- 

ton   and   <>     F    T>iinhar  of   H  V. 

The  .■  ■!. 

and  w  'h 

I.f""'   ii  .    «...  ,v    ii  .    >M.,  :i    ...I »    iM'in 

y**  to  .Vi*)  ft.  There  is  to  be  removed 
»and.  clay  mi'l  I^.;l(!<r.  ..1  7'  11  average 
depth  of  n.  ■.  to  the 

extent  of    I  ■  ■    |>er  cu. 

yd.;  and  liiiu^twiw   !,tJro«.lk  oi  4^1  II.  aver- 
age  depth  of  maicri.-il  to  the  extent  of  K^t'i,- 
'""'   .11    yds.  at  $'2^>'-  per  cu.  yd.,  the  total 
■linji  about  SJ.ToA.TV). 
Niifiiin  ^. — C  ■ 
*   Hroj.  of  T..1 
has  a  length  oi 
fi  .   except    for 
ihr     \\  iiltli     iii.r  ■ 

T;  •  -.     ,     •  •  I.   clay.   »il«. 

'    M   -       ■'■■■•  I"  ft    rxvfT- 


after   it 

•    is   not    1: 
the  contractors,  as   tin-   writer   h. 
found  ihem  wantins  ""'v  what  i«  • 
but    ihcir    agents    are    ••lien    overit.i;uu>    to 
make     a     ko»k1    sli^'wiiii'    for    their    work. 
This  is  all  obviat.  '  •  ,rc- 

ment    method,    as  re- 

ceiveil  by   the  conr  •"• 

lirelv  upon  comput 
from  surveys.     If  .1 

ists,    the    Assistant    l-.nt{ineer    in    ciurgc    ol 
the   work   should   know    of  it  and   be   held 
responsible.     Tl:e  writer  may  be 
selfish   in  this  matter,  but  he  w'. 
prefer  to  have  the  work  so  >       '  n.it 

he  has  the  only  chance  at  an  v. 

A  brief  ■■.'.  of  the  num.. 


panne    - 

traf 

the 

It     : 
work,   and    then    r 
from  Conirress  thr 
ncers   and   the    Kn. 
for  the  makini;  of 
eslii 
tail 


the 


I  pre- 
leltinK  oi  con- 
'  ■•    -'.rk    under 

'    f.-.r    thc 


I   (O 

,     Se 


Ihe  !> 
ing  ih< 
g:.. 


tract  IS  in  1 

t!«rf!     in    r 


.S 

m 

ti 

Iw 

mi 

ions. 

«Iir>'e>  - 


Tice  plane  it  utamtd  arbitra- 


per  III    N'l  .  .  r 
At    .Section 


fore  the   iin.il   ''irM 
to    dredge    o\er      lli. 
times    anil     receive 
This    would    not    be 
in    tir, 
the  i-^ 
little  T 
The 
hiuh   . 

f'llint;   r:    .      •    ' 
.Ir.iii.    '         '    ■ 
the  t 
\\h 
ate  sur\.  >  -   ■  ■■-■ 
preferable    t.i    !■ 


.    It  wai 
.>-nt«    on 
t 

It  of  accur- 

I..H  been  found 

r  ent    for   nuierial 


in   Ibc   I 


ill    for    a    period   ot       K<'>«1   wu(k  \hctc,  ^lii^nuli  Ai   iiiiu  ^ 


5o6 


ENGINEERING-CONTRACTING 


Vol.  XXXI.     No. 


25- 


redredging  is  necessary  in  places  before 
the  entire  area  can  be  clearea. 

For  rock  excavation,  where  there  is 
overij'ing  earth,  this  earth  is  first  re- 
moved by  dredging,  then  the  rock  is  brok- 
en up  by  drilling  and  blasting.  The  brok- 
en rock  is  removed  by  dredges,  and  fol- 
lowing this  the  area  is  cleared  of  all  loose 
rock  projecting  above  the  required  depth 
by  derrick  scow  with  diver,  each  rock  being 
chained  by  the  diver  and  hoisted  up  sep- 
arately. The  operation  of  a  derrick  scow 
with  diver  is  slow  and  costly,  and  the 
contractor  usually  avoids  this  as  much  as 
possible  by  dredging  to  a  much  greater 
depth  than  required,  so  that  nearly  all  of 
the  loose  rock  remaining  will  be  below  the 
required  depth. 

After  an  area  has  been  thus  improved, 
either  in  earth  or  rock  excavation,  the 
contractor  claims  the  completion  of  his 
contract  within  that  area.  Then  the  Gov- 
ernment agent  in  charge  of  the  work,  as 
a  means  of  inspection,  causes  this  area  to 
be  swept  by  a  scow  or  raft  having  iron 
bars  suspended  to  the  depth  required  by 
the  contract.  Should  this  inspection  dis- 
close any  material  it  is  removed  either  by 
dredge  or  derrick  scow  or  both  as  is  most 
suitable.  When  an  area  thus  inspected  is 
eventually  found  clear  at  the  required 
depth,  that  portion  of  the  work  is  accepted 
as  completed.  During  this  inspection,  the 
stage  of  water  is  constantly  noted  and 
the  depth  of  the  iron  bars  is  adjusted  to 
agree   with  any  change   in  this   stage. 

With  regard  to  the  operation  of  drilling 
and  blasting  rock  by  the  subaqueous 
method,  generally,  the  holes  are  drilled  at 
the  corners  of  5-ft.  squares  to  a  depth  of 
about  four  feet  below  the  sub-grade.  The 
result  of  a  blast  is  the  breaking  up  of 
the  rock  in  the  shape  of  an  inverted  cone, 
the  apex  being  the  bottom  of  the  hole, 
and  when  the  holes  are  drilled  to  the 
depth  and  distance  apart  stated  the  high- 
est points  of  unbroken  rock  will  be  well 
below  the  depth  of  pay  material.  Usually, 
each  hole,  as  soon  as  it  is  drilled,  is  load- 
ed with  60%  dynamite  in  an  amount  of 
about  one  pound  for  each  linear  foot  of 
drilling,  and  the  dynamite  discharged  im- 
mediately without  moving  the  drill-boat 
or  otherwise  interfering  with  its  opera- 
tion. At  times,  however,  when  working 
in  rock  of  several  feet  depth,  each  hole  is 
charged  with  dynamite  when  drilled  but 
not  exploded  until  after  a  large  quantity 
of  dynamite  has  been  thus  placed,  in  some 
cases -as  much  as  two  tons,  and  then  the 
whole  is  exploded  by  firing  only  the  last 
hole  charged.  When  this  is  done  the  drill- 
boat,  for  safety,  must  move  to  some  dis- 
tance, and  the  resulting  shock  usually 
causes  buildings  on  shore  in  the  vicinity 
to  tremble.  The  contractors  much  prefer 
these  large  blasts  because  of  the  easier 
drilling.  When  each  hole  is  fired  sep- 
arately, the  rock  at  the  adjacent  hole  is 
shattered  at  the  surface  and  the  hole  is 
not  easily  drilled :  when  fired  in  series, 
the  rock  is  undisturbed  and  is  more  easily 
drilled,  except  at  the  hole  adjacent  to  the 
last  blast.  It  is  believed,  however,  that 
the  rock  is  broken  up  more  thoroughly 
when  holes  are  fired  separately  than  when 
fired  a  number  at  a  time. 

It  is  a  common  saying  that  familiarity 
breeds  contempt,  and  this  is  only  too  true 
with  men  who  are  accustomed  to  the  use 
of  explosives.  Several  accidents  have  re- 
sulted from  the  use  of  dynamite  on  the 
Detroit  River,  some  of  them  of  a  serious 
nature,  but  it  is  believed  that  they  can  all 
be  attributed  to  carelessness.  The  most 
serious  accident  directly  in  connection  with 
this  work  occurred  on  August  14,  1908, 
when  the  premature  explosion  of  dyna- 
mite in  one  of  the  last  of  a  number  of 
holes  already  charged   exploded  the  entire 


amount,  a  total  of  4,-14u  pounds.  The 
drill-boat  was  completely  wrecked,  al- 
though fortunately  it  did  not  sink,  and 
the  entire  crew  of  13  men  were  injured, 
some  of  them  quite  seriously.  This  last 
hole  had  been  partly  charged  with  dyna- 
mite, when  a  small  piece  of  rock  fell  into 
it  and  prevented  the  loading  tube  from  re- 
entering in  order  to  complete  the  charg- 
ing. The  steam  drill  was  used  to  clear 
the  hole,  and  by  lowering  the  drill  too  far 
the  dynamite  already  placed  was  struck 
and  exploded.  No  one  but  the  man  who 
had  become  too  familiar  with  dynamite 
would  risk  his  life  by  attempting  with  a 
steam  drill  to  clear  out  a  hole  that  had 
been  partly  charged.  This  dangerous  prac- 
tice was  most  uncommon  and  was  un- 
known to  the  contractors,  who  were  in  no 
way  to  blame.  It  is  unnecessary  to  state 
that  these  same  men  will  not  again  at- 
tempt "this  trick.  In  this  connection,  it 
may  be  stated  that  one  careless  man  in  a 
crew  will  frequently  endanger  the  lives  of 
the  others,  even  though  they  exercise  the 
greatest  care. 

The  amount  of  dynamite  used  on  the 
work  during  the  past  year  was  465  tons, 
and  it  is  probable  that  during  each  of  the 
next  two  years  this  amount  will  be  about 
800  tons.  Prior  to  the  past  season,  all 
dynamite  used  on  this  work  was  received 
by  rail  direct  from  the  factories,  but  dur- 
ing the  past  season  a  factory  was  estal)- 
lished  on  a  small  island  near  the  site  of 
the  work  and  one  of  the  contracting  firms 
manufacturers  dynamite  for  its  own  use 
there.  The  process  of  this  manufacture  is 
quite  interesting,  also  dangerous,  and  lest 
we  become  too  familiar  with  it  we  will 
pass   to  other  equally  interesting  work. 

The  improvement  already  described  is 
such  as  has  been  continued  in  this  vicinity 
for  years  past,  although  the  operating  ma- 
chinery has  been  improved  and  perfected 
from  time  to  time.  There  is  now  a  new 
method  used  in  this  improvement,  at  least 
it  is  new  to  Detroit  River.  As  has  been 
stated  in  the  description  of  the  specifica- 
tions relating  to  Section  2  of  Livingston 
Channel,  a  portion  of  this  area  was  re- 
quired to  be  surrounded  by  cofferdams  and 
the  inclosed  channelway  excavated  in  the 
dry.  The  contractors  for  this  work  com- 
menced operations  on  April  14,  1908,  and 
a  portion  of  the  area  was  surrounded  by 
cofferdams  by  Oct.  4  and  the  pumps 
started  for  imwatering  the  inclosed  area. 
The  work  of  drilling  and  blasting  the  rock 
was  commenced  on  Oct.  20,  and  one  steam 
shovel  began  excavating  the  broken  rock 
on  Oct.  25. 

It  was  expected  by  the  U.  S.  Engineer 
and  stated  in  the  specifications  that  the 
entire  area  of  4,000  ft.  length  would  be 
surrounded  by  cofferdams,  and  this  was 
at  first  undertaken  by  the  contractors,  but 
when  the  dams  had  been  nearly  completed 
up  to  the  water  surface,  the  contractors 
decided  to  put  in  an  intermediate  dam  di- 
viding the  area  into  two  portions,  one  of 
2,800  ft.  length  and  the  other  of  1,200  ft. 
length.  With  the  larger  portion,  there  is 
little  if  any  earth  covering  the  rock,  but 
within  the  smaller  portion  there  is  an 
earth  covering  of  several  feet  depth.  The 
contractors  wished  to  remove  this  earth 
by  dredging,  and  to  make  use  of  it  for 
cofferdam  construction  as  it  was  the  most 
suitable  material  at  hand.  This  would  also 
insure  the  completion  of  the  dam  around 
the  larger  portion  before  the  end  of  the 
season  and  permit  of  work  of  excavation 
durine  the  winter  months. 

The  specifications  require  the  removal 
of  only  so  much  of  the  cofferdam  as 
crosses  the  channel  and  lies  within  50  ft. 
of  its  sides,  and  the  provision  i?  also 
made  that  the  west  dam  shall  be  at  least 
350   ft.  from  the  channel  to  permit  of  fu- 


ture widening  should  this  at  any  time  be 
necessary. 

VV  hen  the  unwatering  of  the  area  was 
begun,  in  addition  to  two  12-in  pumps, 
there  were  used  48  6-in  pipes  through 
which  air  was  forced  from  the  compressor 
plant.  These  pipes  rested  upon  the  river 
bottom  in  about  12  feet  of  water,  and  the 
air  was  admitted  at  their  lower  ends.  This 
air  lift  caused  the  pipes  to  flow  full  of 
water  until  there  was  a  lowering  of  about 
5  ft.  when  they  ceased  to  be  effective  owing 
to  the  air  being  forced  through  the  water 
instead  of  raismg  it.  After  the  air  lift 
had  been  abandoned,  the  work  was  con- 
tinued by  the  pumps  and  completed  in  15 
days'  total  time.  The  area  unwatcred  was 
2,800  ft.  long,  about  1,700  ft.  average  width, 
and  about  7  ft.  average  depth,  containing 
about  250,000,000  gallons. 

The  plant  engaged  on  this  work  is  as 
follows : — One  air  compressor  plant  con- 
sisting of  two  compressors,  one  of  300 
h.p.  and  the  other  of  700  h.p. ;  two  12- 
in.  and  one  8-in.  steam  pupms  ;  tliree  steam 
shovels ;  three  channeling  machines ; 
eighteen  air-driven  drills;  three  cableways 
with  towers ;  one  small  locomotive  with 
several  flat  cars  for  handling-  supplies ;  two 
scows  equipped  with  machinery  for  un- 
loading earth  and  rock  to  form  coffer- 
dams ;  five  flat  scows  for  carrying  earth 
and  rock ;  and  three  launches.  The  luim- 
ber  of  men  employed  is  now  about  200, 
but  this  number  will  soon  be  greatlv  in- 
creased. 

The  air  compressor  plant  furnislies 
power  for  operating  18  drills,  3  channeling 
machines,  and  3  cableway  conveyors  of 
excavating   material. 

The  rock  is  drilled  and  blasted  in  much 
the  same  way  as  described  for  the  suba- 
queous method,  except  that  instead  of  the 
drills  being  mounted  upon  boats  they  are 
small  and  portable,  but  the  results  secured 
are  the  same  at  about  one-third  the  cost. 
The  broken  rock  is  excavated  by  self- 
propelling  steam  shovels  and  deposited  in 
skips  of  about  2.5  cubic  yards  capacity, 
and  carried  by  the  cableway  conveyor  out- 
side of  the  channel  area  and  there  depos- 
ited. One  cableway  conveyor  is  operated 
in  connection  with  each  steam  shovel.  The 
scheme  for  the  mid-air  dump  of  the  skip 
is  the  invention  of  Mr.  C.  H.  Locher,  one 
of  the  contractors,  who  devotes  nearly  his 
entire  time  to  the  supervision  of"  this 
work.  This  invention  consists  in  throw- 
ing one  of  the  cables  towing  the  skip  upon 
a  larger  drum  at  the  power  house,  caus- 
ing this  cable  to  travel  faster  until  the 
pull  becomes  sufficient  to  dump  the  skip 
at  the  desired  place.  This  clever  device 
has  been  the  means  of  greatly  reducing  the 
cost  of  excavation   by  the  dry  method. 

The  channelino-  machines  are  operated 
ahead  of  the  drills,  and  care  must  be  exer- 
cised in  blasting  near  the  sides  of  the 
channel  that  the  channeled  face  be  not 
broken.  Provision  is  made  in  the  specifica- 
tions that  50  cents  be  deducted  from 
money  due  the  contractors  for  each  square 
foot  of  channeled  face  of  wall  which  may 
be  broken  as  a  result  of  their  operations. 
The  maximum  depth  of  material  to  which 
the  channeling  machines  may  operate  is 
about  twelve  feet.  It  will  therefore  be 
necessary  to  make  two  cuts  in  order  to 
complete  the  required  depth,  and  at  the 
top  of  the  second  cut  there  will  be  an  off- 
set in  the  channeled  wall  of  about  nine 
inches.  The  width  of  the  channel  at  the 
top  of  the  walls  therefore  must  be  about 
301..")  ft.  to  permit  of  the  bottom  width 
being  the  required  300  ft. 

The  following  interesting  tables  relating 
to  the  different  items  of  cost  incident  to 
the  work  of  rock  excavation  have  been 
prepared  by  Mr.  Harry  Hodgman  with  the 
assistance    of    Mr.    N.    R.    Macklem,    and 
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Tabic  I  gives  the  average  pcrctiilagc  of 
items  of  cost  under  three  ilitTcrent  con- 
tracts at  Lime  Kih\  Crossing.  Under  the 
first  of  these  contracts,  the  work  was  per- 
formed by  Jas.  B.  Donnelly,  of  Ruftaln. 
N.  Y.,  and  completed  on  October  27,  liHi3; 
and  under  the  last  two  contracts,  the  work 
was  performed  bv  the  Dunbar  &  Sullivan 
Dredging  Co.,  01  Buffalo,  N.  Y..  and  com- 
pleted on  December  l'>.  1!mX>.  and  Decem- 
ber '^.  li'OS.  The  material  removed  under 
these  three  contracts  was  Dolomitic  lime- 
stone of  Silurian  formation  in  a  total 
amount  of   533,052  cu.   yds. 

Table  II  relates  to  excavation  by  the 
drv  method  at  Section  2,  Livingstone 
Channel.  As  this  work  is  but  just  com- 
menced, the  figures  given  in  this  table  may 
be  changed  greatly  as  the  result  of  more 
complete  data.  The  material  removed  un- 
der this  contract  is  of  the  same  character 
as  that   stated  for  Lime  Kiln  Crossing. 


The  Ehrpartment  of  Railway  Engineer- 
ing of  the  University  of  Illinois  has  re- 
cently erected  a  drop  testing  machine 
which  is  identical  in  design  with  the  stand- 
ard m.ichine  of  the  Master  Car  Builders' 
Association.  This  apparatus  will  be  used 
in  making  impact  tests  of  such  materials 
as  car  couplers,  wheels,  axles,  etc.  It  con- 
sists essentiallv  of  a  spring  supported  an- 
vil weighing  20,000  lbs.  (upon  which  is 
placed  the  specimen  to  be  tested),  and  a 
hammer  weighing  l.GIO  lbs,  which  runs 
in  vertical  guides  risin-'  at  cither  side  of 
the  anvil  This  hammer  m.iy  be  dropped 
in  these  giiiiKs  from  any  height  up  to  50 
ft.  The  addition  of  this  machine  to  the 
existing  equipment  of  the  College  of  En- 
gineering of  this  Institution,  renders  it 
possible  to  make  there  tension,  compres- 
sion, bending,  and  imp.ict  teMs  of  all  ma- 
terials of  construction,  on  specimens  of 
the  full  size  ordinarily  met  with  in  prac- 
tice. Through  ttw  ...irtcsy  of  Mr.  A.  W. 
f.ihl.s.    the    V<-  R     R-    Co.    fur- 

nished   the    dr.i.'.  1    loaned    ity pat- 

terns for  the  construcii.Mi  of  •  "le. 

The    Cleveland,   Cincintinti,   C  >«• 

I^juis  R    R.  Co..  through  its  >d- 

ent  of  Motive   Power.   Mr.   \"  >•»- 

t         J       .1.      .1..)  If* 

tang,    has    doii.i' 

services    in    cr: 

construction  an.l  .1 ^-- 

which   was   done   at   the   Urbana  »hov»  ol 
this  company. 


Through    the    application    of    ,  I^.tmstsi^ 
to  the  metallurgy  nf       ;i":. 
•X10  of  that  metal  wlui '1  «■!• 
is  now  recovered  annually. 
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>-pe   1.     Granular  minerals  bound  with 


The 
and 
()  t)-pes 

mineral    icily. 

Type  2.  Granular  mineral  bound  with 
bitumen. 

T.vpe  3.  Granular  mineral  bound  with 
Portland  cement. 

Type  4.     Stone  blocks. 

Type  5      Wooden  blocks. 

Type  fi      Brick. 

By  the  term  "granular  mineral"  we  mean 
fragments  of  mineral  matter  of  any  size 
from  dust  up  to  fragments  as  large  as 
hens'  eggs  or  even  larger,  whether  the 
fragments  have  been  produci-d  artificially 
by  crushing  or  pulverizing,  or  by  the  forces 
of   nature. 

Bv  the  term  "mineral  jelly"  we  "'■•■•'  ''"- 
"colloids"    which    Cusliman   has   ; 
be    the    cementing    element    of    r 
which    causes    macadam    to   bind,    and     to 
which   the   "sticky"   properties   of  clay   are 
attributable. 

Tv-pe   1   includes : 

(a)  Sand-clay   roads. 

(b)  Gravel  roads. 

(c)  Shell  roads. 

(d)  Macadam. 
"Type  2  includes : 

(a)  Oiled  roads. 

(b)  Tar  macadam,  or  tar  concrete. 

(c)  Asphalt  macadam,  or  asphalt  con- 
crete. 

(d)  Asphalt  pavement,  (I)  sheet  and 
(2)   block. 

(e)  Bitulithic  pavement 

(f)  Pctrolithic  pavcnu-m      - 
Type  3  includes : 

(a)  Concrete. 

(b)  Macadam  grouted  with  cement 
(Hassam  pavement). 

Types  4,  5  anf!  «  are  «elf  explanatory 
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all  odds,  the  most  satisfactory  method  of 
estimating  the  probable  cost  of  any  en- 
gineering structure,  for  many  reasons,  but 
it  is  particularly  advantageous  in  that  it 
often  leads  an  engineer  to  make  radical 
changes  in  design  with  a  view  to  using 
cheaper  materials  or  a  design  in  which 
both  materials  and  labor  are  economized. 
There  are  now  sufficient  data  in  print  to 
enable  art  engineer  to  estimate  the  actual 
cost  of  almost  any  kind  of  pavement  with 
tolerable  accuracy,  once  the  local  prices 
and   conditions   are  known. 

For  this  estimate  of  cost  the  unit  should 
be  the  square  yard?  No,  the  square  yard 
one  inch  thick.  Then  different  wearing 
coats  can  be  readily  compared  on  the  basis 
of  the  same  thickness,  as  well  as  on  the 
basis  of  different  thicknesses. 

It  will  be  found  that,  in  most  parts  of 
America,  the  actual  cost  of  a  brick  wearing 
coat  is  appro.ximately  25  cts.  per  sq.  yd.  per 
inch  of  thickness,  and  that  the  cost  of  an 
asphalt  wearing  coat  (averaging  the  cost  of 
the  "binder  coat"  with  the  "surface  coat") 
is  also  approximately  25  cts.  per  sq.  yd.  per 
inch  of  thickness.  As  before  stated,  there 
are  very  few  streets  where  the  traffic  is 
great  enough  to  justify  a  thickness  of 
wearing  coat  greater  than  2  ins.  for  either 
brick    or   asphalt. 

It  is  well  to  bear  in  mind  that  a  con- 
crete base  can  frequently  be  laid  for  10 
cts.  per  sq.  yd.  per  inch  of  thickness,  and 
that  it  seldom  e.xceeds  12  cts.  per  sq.  yd. 
per  inch  in  thickness.  If  this  fact  is  al- 
ways remembered,  there  will  be  fewer 
pavements  designed  with  thick  wearing 
coats ;  for,  if  a  great  total  thickness  of 
pavement  must  be  had,  it  will  be  secured 
by  adding  to  the  thickness  of  the  cheap 
base  and  not  to  the  thickness  of  the  ex- 
pensive wearing  coat. 

Stone  block  pavements  may  be  said  to 
average  about  30  cts.  per  sq.  yd.  per  inch 
of  thickness  of  the  stone  wearing  coat — 
including,  as  in  the  other  cases,  all  ma- 
terials and  labor  required  for  the  wearing 
coat  in  place  on  the  street.  Therefore,  so 
far  as  cost  per  inch  of  thickness  is  con- 
cerned, stone  block  is  not  much  more  ex- 
pensive than  brick  or  asphalt.  The  cause 
of  the  high  cost  of  stone  block  pavements 
is  found  in  the  fact  that  the  wearing  coat 
never  has  a  thickness  of  less  than  5  ins. 
and  is  usually  6  ins.  thick,  which,  as  we 
have  said,  is  a  thickness  wholly  unneces- 
sary for  brick,  asphalt  or  the  like.  The 
cost  of  stone  blocks  is  largely  the  cost  of 
the  labor  of  splitting  them  to  the  desired 
size  and  shape.  Since  the  cubic  contents 
of  similar  blocks  varies  as  the  cube  of 
any  linear  dimension,  whereas  the  area  of 
surface  to  be  dressed  varies  as  the  square 
of  any  linear  dimension,  it  follows  that 
the  cost  of  a  stone  block  per  cubic  foot  in- 
creases very  rapidly  as  its  size  diminishes. 
Hence  the  economic  limit  of  small  size  is 
soon  reached.  In  addition  to  this,  it  is  in- 
creasingly difficult  to  split  small  stones  into 
regular  forms  on  account  of  the  tendency 
of  chips  to  cleave  off.  Finally,  stone  blocks 
are  no  longer  used  except  for  very  heavy 
traffic,  or  on  very  steep  grades  where  the 
best  sort  of  a  foothold  is  required.  Un- 
der heavy  traffic,  small  independent  blocks 
of  stone  would  crack  or  crush.  These  are 
the  reasons  why  a  thin  wearing  coat  of 
stone  blocks  is  impracticable ;  and,  being 
impracticable,  a. stone  block  wearing  coat 
is  net  as  econoniic  as  other  types  of  pave- 
ment, except  under  comparatively  rare  con- 
ditions. 

Summary. — In  the  eleven  articles  of  this 
series  we  have  endeavored  to  discuss  road 
and  pavement  design  entirely  upon  econ- 
omic principles.  We  began  by  showing 
that  methods  of  selecting  pavements  sanc- 
tioned by  eminent  authorities  have  had  the 


appearance  of  science  without  the  reality. 
To  assign  dififerent  percentages  to  the  dif- 
ferent qualities  of  a  pavement,  the  total 
amounting  to  100  per  cent  in  the  "perfect 
pavement,"  is  pseudo-science  of  the  worst 
sort.  It  attempts  to  crown  with  seeming 
wisdom  the  head  that  should  wear  the 
dunce  cap  in  the  school  of  paving  eco- 
nomics. 

We  have  shown  that  road  design  and 
location  should  not  be  attempted  without 
adopting  the  same  general  principles  now 
universally  applied  in  scientific  rail»ay  lo- 
cation ;  but  we  have  also  shown  that  there 
are  many  marked  difTerences  between  rail- 
way transportation  and  road  transporta- 
tion, such,  for  example,  as  the  fact  that  on 
roads  the  loads  travel  entirely  in  one  di- 
rection. 

We  have  also  shown  that  since  the 
tractive  power  of  a  horse  is  not  a  con- 
stant, the  problem  of  economic  ruling 
grades  is  quite  dififerent  from  the  same 
problem  on  a  railway  where  locomotives 
are  used. 

We  have  shown  that  it  is  a  fallacy  to 
regard  the  value  of  team  time  as  being 
less  at  one  season  of  the  year  than  at  an- 
other, and  that  a  definite  value  can  be 
estimated  and  assigned  to  every  working 
team  day.  When  this  is  done,  and  when 
the  average  ton-mileage  to  be  hauled  an- 
nually over  a  given  road  is  ascertained, 
road  location  problems  can  be  solved  scien- 
tifically. 

We  have  shown  that  a  pavement  should 
be  regarded  as  composed  of  a  base  and  a 
wearing  coat,  the  function  of  the  base  be- 
ing to  distribute  concentrated  wheel  loads 
over  the  subgrade,  and  the  function  of  the 
wearing  coat  being  to  present  a  smooth, 
duralile,  clean  surface  that  reduces  roll- 
ing friction. 

We  have  shown  that  the  vertical  pres- 
sure transmitted  through  a  granular  mass 
varies  inversely  as  the  cube  of  the  thick- 
ness of  the  mass,  for  all  light  pressures ; 
and  we  have  indicated  how  tests  should 
be  conducted  to  prove  what  the  law  of 
pressure   distribution   is   for   heavy  loads. 

We  have  shown  that  it  is  far  cheaper 
to  increase  the  bearing  power  of  the  sub- 
grade  by  uniformly  consolidating  it  with 
a  rolling  tamper  (not  a  roller  acting  by 
surface  pressure,  but  a  tamping  roller 
whose  tampers  penetrate  the  plowed  earth) 
than  it  is  to  increase  the  thickness  of  the 
pavement  base. 

We  have  shown  that  the  rattler  test  of 
pavement  materials  has  always  been  more 
or  less  unsatisfactory,  and  is  particularly 
so  now  that  sheet  pavements  made  with 
bituminous  binders  are  so  extensively 
used. 

We  have  shown  that  the  "wheel  test," 
as  we  have  termed  it,  is  readily  made,  and 
gives  not  only  a  more  rational  test,  but 
furnishes  also  data  as  to  the  tractive  re- 
sistance of  the  pavement  in  its  various 
states  of  cleanliness  and  of  irregularity- 
due  to  wear. 

We  have  shown  that  most  country  roads 
should  be  paved  with  a  single  track  (8  ft. 
wide)  instead  of  with  a  double  track,  for 
existing  traffic  no  more  warrant  double 
tracking  all  country  roads  than  it  war- 
rants  double  tracking  all   railways. 

We  have  shown,  in  brief,  that  to  every 
step  in  road  and  street  design  or  location 
there   should   be   applied   this   criterion : 

Is  the  design  such  as  to  secure  the  min- 
imum annual  cost  of  the  sam  of  the  ele- 
ments  of    cost   involved? 

On  roads  one  of  the  elements  is  the  an- 
nual cost  of  teamtime  required  to  do  the 
hauling,  another  element  is  the  annual  in- 
terest on  the  investment,  another  element 
is  the  annual  cost  of  repairs  and  depre- 
ciation ;    therefore   the   most   economic   de- 


sign is  the  one  that  makes  the  sum  of 
these   elements   a   minimum. 

It  is  high  time  that  inflexible  "standards" 
of  road  and  street  construction  be  aban- 
doned. There  can  be  no  standard  that  is 
most  economic  under  all  conditions.  .\ 
vast  deal  of  nonsense  has  frequently  per- 
meated engineering  idiscussions  about 
standardizing  construction.  We  may  well 
be  thankful  that  general  standardizing  has 
never  gone  farther  than  discussion.  Un- 
fortunately there  is  too  much  standardi- 
zation already.  Each  problem  in  road  and 
street  design  should  be  studied  as  a  sepa- 
rate problem  in  economics ;  and  it  has 
been  our  attempt  to  indicate  the  general 
methods  to  be  applied  in  attacking  these 
problems. 

We  urge,  finally,  that  every  engineer 
should  familiarize  himself  with  actual  de- 
tailed costs  of  labor  and  materials  required 
to  build  roads  and  pavements,  not  merely 
to  be  able  to  estimate  the  probable  costs 
of  projected  work,  but  to  be  able  to  make 
changes  in  designs  and  methods  of  con- 
struction tliat  will  reduce  the  cost  of  roads 
and  pavements,  and  thus  greatly  extend 
the  mileage  of  good  highways  in  America. 


Recent  Specifications  of  the  Massachu- 
setts Highway  Commission  for  Re- 
fined Tar  and  Asphalt  Oils  for 
Use   in  Highway  Work. 

In  a  discussion*  of  a  paper  on  Sampittic 
Surfacing,  before  the  .\merican  Society  of 
Civil  Engineers,  Mr.  H.  W.  Clark,  Chem- 
ist Massachusetts  State  Board  of  Health, 
gave  the  following  recently  issued  specifica- 
tions of  the  Massachusetts  Highway  Com- 
mission for  refined  tar  and  asphalt  oils  for 
use  in  Road  Construction. 

SUGGESTED    SPECIFICATIONS    FOR    REFINED    T.\R. 

The  tar  shall  be  uniform  in  color,  char- 
acter, appearance,  and  viscosity,  and  shall 
have  the   following  qualities : 

(1)  It  shall  contain  not  more  than  0.5% 
of  mineral  matter  or  dirt. 

(2)  It  shall  have  a  specific  gravity  be- 
tween  1.18  and   1.25. 

(3)  _  It  shall  not  contain  more  than  14% 
by  weight  of  free  carbon. 

(4)  It  shall  contain  no  body  which  dis- 
tils at  a  temperature  lower  than  225°  cent. ; 
not  more  than  10%  by  weight  shall  distil 
below  270°  cent.,  and  it  shall  contain  at 
least  65%  by  weight  of  pitch  or  bitumin- 
ous material  remaining  after  all  bodies  up 
to  360°  cent,  have  been  distilled. 

(5)  When  20  grammes  are  heated  in  a 
flat-bottomed  dish,  3  in.  in  diameter,  for 
twenty-one  hours,  in  an  oven  kept  at  a 
temperature  of  100°  cent.,  the  loss  shall  be 
not  more  than  10%  by  weight. 

(6)  It  shall  be  of  such  viscosity  that  60 
cu.  cm.,  measured  at  room  temperature 
(78°  Fahr.  or  26°  cent.),  shall,  when  at 
100°  cent.,  be  not  less  than  85  sec.  and  not 
more  than  240  sec.  in  passing  through  a 
viscosimeter  orifice  5/64  in.  in  diameter, 
when  acting  under  a  head  of  -iVi   in. 

(7)  When  12%%  by  weight  of  the  ma- 
teria! is  mixed  with  87%,  by  weight  of  sand, 
of  such  grade  that  all  of  it  will  pass 
through  a  seive  having  10  meshes  to  the 
linear  inch,  and  that  practically  none  of 
ft  will  pass  through  one  with  100  meshes 
to  the  linear  inch,  and  briquettes,  3  in. 
square  and  V2  in.  thick,  are  made,  such 
briquettes  will  harden  to  such  an  extent 
in  seven  days,  at  ordinary  room  temper- 
ature, that  when  they  are  laid  flat  and  held 
by  their  edges  by  two  parallel  knife-edge 
bars,  they  shall  not  bend  when  a  weight  is 
suspended  from  a  third  knife-edge  or  par- 
allel   bar   placed   across    their   center,   until 
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The   Detailed  Cost   of    80,000  Square 
Yards  of  Brick  Pavement  and 
40,000  Lineal   Feet    Ce- 
ment Curb. 

During  I'-X'-'i  and  \i>'»':  a  large  am.junt 
of  brick  paving  and  cement  curb  was  built 
at  Centerville,  la.,  by  contract.  Mr.  M.  G. 
Hall  required  the  inspectors  to  keep  a 
careful  force  account  of  the  work  done, 
and  the  following  data  are  a  summary  of 
the   records   thus    gatlierud. 

Furington  paving  bricks  were  laid  on  a 
concrete  base,  with  a  Hi-in.  sand  cushion 
between.  The  joints  were  tilled  with  a  l-I 
cement  grout.  Expansion  joints  of  as- 
phalt Idler  were  providecl  frm  curb  to 
curb,  every  it)  ft.,  and  along  each  curb. 
The  following  costs  do  not  include  grad- 
ing 
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Section  of  Concrete  Curb. 

prices  given,  would  be  about  $3.70  per  cu. 
yd.,  instead  of  $2.47. 

The  cost  of  layiig  .>.ii<.iO  sq.  yds.  of  brick 
pavement  was  as  follow- 
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pensive,  particularly  in  the  items  trench- 
ing and  teaming.  None  of  the  three  was 
economicaHy  handled,  as  may  be  seen  by 
comparison  with  the  costs  given  on  p.  180 
et  seq.  of  Gillette's  "Handbook  of  Cost 
Data,"  where  the  labor  cost  about  half  as 
much  per  cubic  yard  as  on  Job  C,  and  far 
less  than  half  as  much  as  on  Jobs  A 
and   B. 

Curbs  often  differ  considerably  in  cross- 
section,  and  the  labor  of  mixing  and  plac- 
ing the  concrete  therefore  differs  mate- 
rially when  compared  in  terms  of  the  lineal 
foot  as  the  unit.  Hence  all  costs  should 
also  be  reduced  to  the  cubic  yard  basis 
also.  When  this  is  done,  a  contractor 
will  frequently  find  that  his  work  is  not 
being  handled  with  the  expedition  that  it 
should  be ;  for  comparison  with  the  cubic 
yard  cost  of  other  jobs  of  similar  char- 
acter may  disclose  to  the  contractor  a 
weakness  of  management  or  laziness  of 
men  on  his  own  job. 


Wear  and  Tear  of   Motor  Traffic  on 
Roads.* 

BV    W.    J.    TAYLOR,t    M.INST.C.E. 

The  introduction  and  expansion  of  high- 
speed self-propelled  traffic,  which  we  have 
witnessed  during  the  past  thirteen  years, 
has  made  it  incumbent  upon  those  who  are 
responsible  for  the  upkeep  of  roads  to 
carefully  watch  and  study  its  effect  on 
them,  as  compared  with  the  wear  and  tear 
of  the  older  and  slower  moving  forms  of 
traffic,  which  now  bid  fair  to  vanish  from 
our  roads  almost  entirely.  The  almost 
unanimous  verdict  is  that  the  wear  and 
tear  is  very  greatly  increased  by  the  faster 
moving  traffic,  and,  at  any  rate,  for  a  time, 
a  check  has  been  given  to  the  renaissance 
of  our  main  roads  which  was  going  on 
throughout  the  kingdom.  The  expansion 
of  ordinary  traffic,  the  growth  in  the  num- 
ber of  traction  engines,  and,  lastly  and 
principally,  this  rising  tide  of  automobil- 
ism,  has  had  a  marked  effect  on  the  an- 
nual cost  of  maintenance  of  our  roads. 

The    following    is    a    comparative    state- 
ment of  the  annual  outlay  on  maintenance 
and   repair   of  the   main   roads   in   England 
and  Wales  during  the  past  nine  years : 
Tear  ended  Rate  per 

March  31.            Mileage,     Total  cost,        mile, 
1901     26,598         £2,024,711         £76.1 

1904     27.223  2.366,163  S6.9 

1905    27,367  2,406,754  S7,9 

1906     27,380  2,478,481  90.7 

1907     27,556  2.529,137  91. S 

1908*    27,600  2,644,718  95.4 

1909t     27.600  2,766,903  100.2 

tCounty  Surveyor,  Hampshire, 
•Partly   estimated. 
jEstimated. 

In  this  respect,  however,  we  appear  to  be 
On  the  threshold  of  events  only,  as  a  very 
large  proportion  of  our  roads  bear  upon 
their  surfaces  eloquent  records  of  the  ef- 
fects of  high-speed  traffic,  and  call  for  far 
greater  outlays  to  fit  them  for  modern 
forms  of  traffic. 

Although  the  increase  in  cost  has  been 
general,  the  heaviest  burden  has  probably 
fallen  on  the  southeastern  half  of  England, 
in  which  portion  about  56  per  cent  of  the 
whole  of  the  motor-cars  in  the  United 
Kingdom  are  registered,  and,  in  addition 
to  the  gr.eat  trunk  arteries  of  traffic  from 
the  metropolis  radiating  through  it,  we 
have  to  bear  in  mind  that  there  are  no  lo- 
cal supplies  of  hard  road  stone  which  are 
capable  of  oft'ering  any  effective  resistance 
to  the  wear  and  tear  of  even  ordinary 
traffic  beyond  that  of  a  light  character. 

In  dealing  with  this  question  of  wear  and 

•Paper  read  at  the  recent  Road  Confer- 
ence, convened  by  the  County  Councils  Asso- 
ciation of  Great  Britain  at  the  Institution 
of  Civil  Engineers,  .\pril  24-Mav  2.  1909, 


tear  of  motor  traffic,  the  writer  offers  no 
apology  for  considering  its  effects  on  poor 
roads  repaired  with  local  material,  as  this 
is  the  condition  of  affairs  in  a  very  large 
proportion  of  the  mileage  of  even  our  main 
roads,  and  if  there  were  no  weak  roads  the 
deliberations  of  this  conference  would  pos- 
sibly not  be  necessary. 

The  writer's  experience  of  the  effects  of 
high-speed  traffic  on  long  mileages  of  rural 
main  roads  has  been  that  it  hastens  the  de- 
terioration of  the  surface  in  some  respects 
more  rapidly  than  can  be  accounted  for  by 
a  mere  increase  in  the  number  of  journeys 
made. 

On  well-made  basalt  surfaces  where 
large  gage  stone  is  used,  the  effect  of  un- 
armoured  pneumatic  tires  (except  where 
the  traffic  is  concentrated  in  one  track)  has 
probably  not  been  so  destructive  as  ordi- 
nary iron  tires,  the  area  of  contact  in  the 
former  case  being  greater,  but  on  roads 
repaired  with  flint  and  gravel  the  reverse 
lias  been  the  case,  the  finer  particles  have 
been  drawn  from  the  interstices  of  the 
stones,  thus  unkeying  them,  and  the  loos- 
ened material  is  crushed  by  all  kinds  of 
traffic,  and  there  has  been  much  loss. 

It  is.  however,  against  the  armoured  tires 
that  our  most  serious  charge  is  levelled, 
and  complaint  is  widespread  of  the  damage 
caused  by  studded  and  other  forms  of  ar- 
mored tire  on  all  kinds  of  roads. 

Injury  is  inflicted  by  the  studded  tire 
in  several  different  ways ;  in  the  turning 
movement  the  loosening  effect  of  the  studs 
is  very  noticeable ;  again,  by  reason  of  the 
small  area  of  the  iron  studs  through  which 
the  load  is  transmitted  to  the  road  surface, 
defects  in  contact  appear  to  be  intensified, 
and  the  rolling  effort  has  a  greater  disturb- 
ing effect  on  the  macadam.  On  account  of 
the  leaping  or  galloping  motion  acquired 
by  cars  running  at  a  high  speed,  contact 
with  the  road  surface  is  more  or  less  inter- 
mittent, and  the  vehicle  proceeds  with  a 
series  of  impacts,  when  the  steel  studs  are 
not  only  destructive  by  reason  of  the 
shocks  with  which  the  small  area  of  metal 
points  is  brought  down  on  the  road  sur- 
face, but  they  corrugate  it  by  kicking  out 
the  material.  When  the  wheels,  which  are 
the  medium  of  propulsion,  leave  the 
ground,  they  revolve  at  a  greatly  increased 
velocity,  and  when  they  again  come  down 
it  is  the  road  surface  which  has  to  do  the 
work  of  reducing  this  revolving  file  to  the 
speed  of  the  car,  with  the  result  that  por- 
tions are  worn  out  of  the  road  in  its  re- 
sistance to  this  tangential  force ;  and  many 
lengths  of  our  roads  repaired  with  all 
kinds  of  metal  bear  witness  of  this  by  the 
long  lines  of  depressions  and  corrugations 
in  their  surfaces. 

Another  potent  cause  of  damage  to  road 
surfaces  is  the  wheel  of  small  diameter 
which  the  makers  of  cars,  especially  those 
of  the  heavy  type,  have  adopted.  The  well- 
known  experiments  of  Morin  early  in  the 
last  century,  and  of  those  other  investiga- 
tors who  have  followed  him,  have,  unfor- 
tunately, for  some  reason,  not  been  fol- 
lowed. It  is  so  well  known  how  the  roll- 
ing resistance  is  reduced  as  the  diameter 
of  the  wheel  is  increased,  and  that  passing 
over  unevennesses  in  the  surface  is  accom- 
panied by  less  shock  with  large  than  with 
small  wheels,  with  consequent  saving  both 
to  road  and  vehicle,  that  it  is  specially  un- 
fortunate that  car  designers  have  not  been 
able  to  help  the  road  problem  in  this  direc- 
tion, more  especially  when  it  is  borne  in 
mind  that  the  limit  of  usefulness  in  merely 
broadening  tires  is  soon  reached,  as  on  a 
portion  of  its  width  only  can  a  cylindrical 
tire  bear  on  a  cambered  surface,  whereas 
by  increasing  the  diameter  the  tread  may 
safely  be  reduced  in  width.  Roads  under 
the  writer's  control  have  suffered  very  seri- 
ous   damage    by    the    action    of    the'  small 


wheel.  It  sinks  into  the  surface  and  im- 
parts a  wave  motion  to  it  by  the  forward 
or  pushing  effort,  and  the  crust  is  dis- 
turbed, water  admitted  into  the  road,  and 
the  material  loosened  and  lost  by  rubbing, 
attrition,  and   displacement. 

These  influences  of  the  motor,  making 
for  the  destruction  of  the  road,  are,  how- 
ever, greatly  intensified  and  the  cost  of 
coping  with  them  augmented  when  the 
traffic  persists  in  holding  to  the  center  of 
the  road.  It  is  the  tendency  of  all  vehicles 
to  keep  to  the  center  of  the  road,  where  the 
traffic  is  not  sufficient  to  compel  them  to 
continually  break  track,  and  no  doubt  de- 
fects in  the  road  have  in  places  largely  con- 
tributed to  this  center  tracking,  but  even 
where  the  sides  are  strengthened  and  the 
cross-fall  reduced  to  a  maximum  of  1  in  24 
it  is  most  difficult  to  induce  traffic  to  dis- 
tribute the  load,  and  so  evenly  and  uni- 
formly wear  down  and  reduce  the  whole 
surface  from  margin  to  margin,  thus  enab- 
ling the  engineer  to  avoid  those  costly  and 
unsatisfactory  patchings  and  repairs  in  de- 
tail. The  combined  effects  of  small  and 
armored  wheels  continually  traveling  in 
one  track  is  to  depress,  groove,  and  often 
to  cut  through  and  destroy  the  surface  of 
the  road,  no  matter  what  material  it  may 
be  made  of;  and  it  is  a  curious  fact  that  it 
should  be  left  to  automobilism  (to  which 
good  roads  are  so  essential)  to  put  upon 
the  road  surface  the  most  destructive  and, 
from  the  point  of  view  of  economical  roll- 
ing contact,  the  most  unscientific  wheel  that 
has   ever   been  devised. 

With  the  object  of  better  fitting  the  main 
roads  to  carry  the  increasing  traffic,  most 
of  the  road  authorities  have  for  many 
years  set  themselves  the  task  of  abolishing 
the  use  of  soft  road  materials,  such  as 
limestone,  flint  and  gravel,  and  t:sing  in 
their  place  hard  stones,  such  as  granite 
and  basalt,  and  they  have  made  and  com- 
pared innumerable  experiments  to  ascer- 
tain the  stones  most  suitable  to  the  vary- 
ing local  conditions  of  climate  and  subsoil. 
This  work,  which  must  be  accelerated  un- 
der new  conditions,  will,  however,  take  a 
long  time  to  accomplish,  as  the  cost  of  lay- 
ing down  a  3-in.  consolidated  coat  of  graii- 
ite  on  those  4,500  miles  of  main  roads  alone 
in  the  southeastern  half  of  England,  which 
are  yet  repaired  with  local  stone,  will  be 
about   £5,000,000. 

Good  work  is  also  being  done  in 
strengthening  the  road  surfaces,  which  are 
now  in  many  places  mostly  very  thin  and 
insufficiently  supported  on  yielding  founda- 
tion, or  are  without  any  foundation  at  all. 
This  also  is  a  work  of  great  ma.gnitude. 
and  must  necessarily  occupy  a  considerable 
period.  It  is  hopeless  to  "think  that  sub- 
stantial foundations  can  be  built  into  our 
roads — except  in  special  cases — as  the  ini- 
tial outlay  is  so  great  and  the  improvement 
so  local ;  the  work  will  almost  entirely  be 
effected  by  dealing  with  the  whole  area  of 
surface  at  once — that  is,  by  gradually  thick- 
ening the  road  crust,  by  laying  down  over 
the  whole  area  of  the  roads  a  little  more 
material  each  time  they  are  repaired  than 
has  been  worn  out,  and  so  accumulate  a 
more  substantial  road  crust.  But  even  this 
will  cost  many  millions  for  each  inch  of 
added  thickness  to  the  road  surface. 

If.  in  addition,  we  can  use  bituminous 
coats  and  matrix,  we  may  hope  to  resist 
undue  wear  and  satisfactorily  provide  for 
—as  far  as  that  is  possible— the  demands 
of  all  forms  of  traffic,  but  it  is  very  diffi- 
cult to  see  how  the  funds  necessary  to  ac- 
complish  this   work  are  to   be   raised. 

It  will  at  any  rate  facilitate  and  hasten 
the  coming  of  the  perfect  road  if  those  re- 
sponsible for  the  design  and  use  of  the 
motor  will  give  the  road  engineer  their 
active    co-operation. 
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Average    Cost    of    Cross    Ties    in   the 
United  States  in   1Q07  and  iqo8. 

The  ail\ancc  stati-mcTU  rclaluc  to  the 
consumption  or  purchase  of  cross  ties  in 
the  L'niicd  States  durine  !'•'<***  has  re- 
cently been  issued  by  the  U.  S.  Bureau  of 
Census.  The  accompaniitu.  1  i)>ulation 
shows   the  totals  and   av  of   the 

various    kinds    of   cross    n  ised    by 

steam  and  electric  railro;iils  durmg  the 
calendar  years  li^tiT  and   l!"i>f. 

As  indicated  by  the  tiRures  there  was  a 
marked  falling  off  in  cross  tie  purchases 
by  the  steam  and  electric  railroads  of  the 
country  during  the  calendar  year  lO*.'?',  as 
compared  with  10<.>7.  A  sifjniiicant  feature 
of  the  showing  is  the  fact  that  in  I'.MW 
only  7,431,170  cross  tics  were  reported  as 
prrlased  for  new  track,  as  against  "-'3,- 
.ViT.uuO  in  190".  Purchases  by  steam  rail- 
roads formed  substantially  the  same  pro- 
portion of  the  total  in  both  years — ap- 
proximately 04  per  cent. 


of   Iiriikwnrk    •  •,    • 
alMtut  pi.OH. 

The    engineer's    eMimate    of    fo«t     ^^t 

$128,   and   he   took  Mi< 

profit,   therefore,    v.  per 
cent  on  the  cost,     i'  r  nn    .ii.  •%.    imorma- 

Hon    we    are    indebted    to  Charles    Lynn 
\Noo<l.  C.  E. 


Methods  of  Making  Tast  Borings  for 

the     Katskill    Reservoirs    for  the 

New    York    Water    Supply 

With  Some  Plant 

Costs. 

Borings  were  carried  on  partly  by  day 
labor  employed  directly  by  the  Board  and 
partly  by  contract.  The  scarcity  of  ex- 
IK-rienceil  drill-runners  was  felt  at  the 
start  ai;d  the  deficiency  met  by  training 
the  men  who  shovyed  ability  in  that  di- 
rection.    The  drill  crews  for  t)ie  machines 


Klntl  of  wood. 

Oaks    

.=..  iiliorn  plnep 


TOTALS   AND   AVERAGE   COST  OF 
1908. 

Cost  at  point 
of  purchase 


Number 


'      ■  -inut      ... 
I'-'itflaa     flr... 
T.iiiLirack    .... 
<  ■■.  l.r.  fin     

n- iTiiock    

W.  stern     pine. 

IC'  'Iwood     

\\  I  ito     pine... 
I.  •iRfpolc    pine 

G  i:  rn      

r:...h    

^'l'!'l'-0         

.\u     iither 


3.092.943 
871. 90S 
70fi,Si;i 
.';iT.::'V. 
261. .-..-.l 
19:'.84S 
l-t0.6<i7 

2.205.869 


Total 


.112.463.449 


S24.6.-3.042 
■  ■     ■■>  s96 

133 

:t4 

<56 

109 

■.J6 

1.1 .  ^.;•96 

i.r.73.oftS 

443.066 
335.724 
246.299 
116.631 
85.447 
66.619 
835.472 

$56,280,568 


CSOSSTIES    IN    1907   AND    1908. 
1907. 

CP!"'  •■• 
Number.  of  : 

61.757.418  ! 


Av.  cost 
per  tie. 

.512 

..■.39 

.493 

.493 

450 

502 

.439 

..■t7S 

..'.OS 

..'."H 

.460 
.476 

446 

443 
.473 
.378 

t0.S04 


4.562.190 

6.778.944 

2.366,459 

5.019.247 

2.030.9SL' 

474.455 

666.916 

15.124 

51.199 

103.678 

4.329.131 


;.:r.4, 

3.099. 

S07 

2.  SI.'.. 

l.I'.'*. 

193  ' 

332 

3 

20.1 

40 

2.1107 


61T 
439 
241 
798 
497 


9:4 
,2li3 


\v.  coat 

per  tie. 

.614 


.494 
442 

.341 

.501 
5»0 
407 
fit 
.33 

.403 
395 

.463 


153.699.630 


t7S.958.695 


fO.Slt 


Cost  of  a  Semi-Circular  Brick  Culvert. 

I  he  culvert  was  build  at  Columbus, 
.Miss.,  during  the  month  of  May  of  this 
year.  It  was  built  at  the  intersection  of 
two  streets  and  takes  the  place  of  two 
wooden  bridges.  The  dimensions  of  the 
culvert  were  as  follows :  Cross-section, 
inside  measure,  diameter,  6.'>  ft.;  length  on 
center  line,  including  end  walls,  39.8  ft. ; 
radius  of  arc  of  center  line.  2t;.7.">  ft. ; 
length  of  arc.  one-fourth  circle;  thickness 
of  arch  {2-ring),  9  ins  The  two  end  walls 
were  each  8^4  ins.  .x  o  ft.  x  12  ft.  The  floor 
of  the  culvert  was  one  brick  thick,  on 
edge,  laid  in%  in,  of  cement  and  grouted 
The  floor  was  8  ft.  wide  and  4"  ft  long 
The  cost  of  the  culvert  was  as  follows ; 

Per 

Materials-  Total.        ''"''; 

Luml.tT    for   arch    forms t     1-95        •"•Slf 

Kttll,  20  .008 

Snnil  (5>4  yds.)   7  loads  at  1.50     3.50  .088 

Brick     s.:,"0.    at    16.50    per    M. 

d<-nvrf.l     6KM  '•••• 

C<-mcni.     16    sacks,    at     II  »0 

per   bbl..    ilcllvereil    ;I  '•••  5»'' 

Kerosene   oil    for    llBhts "■•  ___ 

Total    %~M.i<>         12081 

nrii'i'iKn" I     I.OO         I  .036 

2  ^.,r:.  klayors.     57H     hr..     at     ^^^^  ^^ 

3  kil.oror's.  ii«  hrs'.'iit  lO.ioi-     >1  «"  *•' 
Csrptnter.       making       •rcn 

forms     -  "^ 

I  43  s:.         II  to: 
Grand    total    ..  I1I« ««        »»  >" 

.\s  there  were  approximately  20  cu.  yds. 


of  the  contractor  consisted  of  a  drill-run- 
ner of  three  or  mor -     ' — ••  and 

a    skilled    lulpcr       -  ncn 

were  employed   in  ■.  op- 

eration of  a  group  oi  drills ;  one  at  the 
pumping  station,  another  setting  diamonds, 
and  others  for  general  work.  In  the  work 
oi  the  Board  of  Water  Supply  three  men 
were  used  on  each  drill. 

The    hnrine    e<iuipmeMl4    of    the    two   or- 
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ward  course,  loosening  the  material  which 
comes  up  with  the  water  between  the  wash 
pipe  and  casing.  See  Fig.  1.  When  a  suf- 
ficient depth  is  washed  out  below  the 
casing  the  rope  is  transferred  from  the 
water  swivel  to  the  hollow  drive  weight 
which  surrounds  the  casing  and  acts  on  the 
drive  head.  The  swivel  and  wash  rods 
may  remain  in  place,  the  casing  being 
driven  down  while  twisted  with  a  down- 
ward pressure.  In  addition  to  twisting  the 
casing,  which  was  found  to  greatly  lessen 
the  adhesion,  the  casing  was  "flooded,"  i.  c, 
water  under  high  pressure  was  forced 
through  the  casing  so  that  its  only  escape 
was  beneath  and  up  around  the  outside  of 
the  surface.  This  twisting  and  flooding 
of  the  casing  kept  it  loose  and  minimized 
breaking  or  bending. 

Dynamite  was  frequently  used  in  hard- 
pan  or  where  boulders  were  numerous. 
The  casing  was  raised  about  G  ft.,  a  prop- 
erly prepared  charge  lowered  to  the  bot- 
tom of  the  boring  and  the  e.xplosive  dis- 
charged. The  casing  would  then  be  re- 
driven  and  the  washing  proceed  as  before. 
When  a  large  boulder  w'as  encountered,  it 
was  drilled  with  a  diamond  bit,  shattered 
with  dynamite  and  the  casing  driven 
through  the  opening  thus  formed.  In  sand 
or  similar  loose  material,  the  best  residts 
were  obtained  by  continual  "flooding," 
which  caused  the  casing  to  settle  of  its 
own  weight. 

In  the  wash  borings  made  under  contract 
somewhat  difl:'erent  methods  were  em- 
ployed. Extra  heavy  coupled  casing  was 
used,  4-in.  for  the  first  20  ft.,  3-in.  tele- 
scoped inside  the  above  for  the  next  60 
or  loo  ft.,  and,  if  necessary,  1%  in.  inside 
the  latter  for  holes  of  greater  depth.  Water 
was  delivered  in  a  similar  manner  to  that 
used  for  the  rigs  of  the  Board.  \  tem- 
porary platform,  derrick  and  shanty,  were 
erected  before  beginning  operations.  In 
these  borings  the  water  was  passed  through 
the  rubber  hose  and  w-ater  sw'ivel  into 
the  wash  pipe,  which  was  twisted  by  one 
man,  while  the  other  with  a  couple  of 
turns  of  the  rope  around  the  drum  of  the 
machine,  raised  and  lowered  the  wash  rods. 
When  a  sufficient  depth  was  washed  ahead 
of  the  casing,  the  rope  was  detached  from 
the  wash  pipe  and  attached  to  a  4.50-lb. 
oak  "drive  block."  An  iron  "drive  head" 
was  placed  on  top  of  the  casing  before  be- 
ginning to  drive.  When  holes  were  driven 
to  great  depths  in  hardpan  or  other  ma- 
terial that  would  stand  up  for  10  ft.  or 
more,  the  "'A''  bit,  giving  a  1%  in.  diameter 
core,  was  used  to  advantage.  .\  1%-in. 
casing  could  be  placed  in  the  hole  thus 
made  without  any  chopping.  In  one  case 
the  diamond  bit  passed  through  hardpan 
for  60  ft.  and  following  this,  through  30  ft. 
of  fine  sand  and  clay.  After  the  drill  rods 
had  been  withdrawn  and  replaced  at  least 
twelve  times  during  the  drilling  operation, 
30  ft.  in  rock  was  drilled  below  this  90-ft. 
section  containing  no  casing,  without  any 
mishaps. 

Diamond  Drill  Borings. — When  bed-rock 
was  reached,  the  casing  was  well  "seated," 
and  the  screw  feed  attached  to  the  drill. 
The  diamond  bit  with  core  shell  and  core 
lifter  were  adjusted  to  the  core  barrel. 
These  were  placed  in  the  hole  and  a  suf- 
ficient number  of  hollow  drill  rods  at- 
tached to  bring  the  bit  in  contact  with 
rock ;  10  or  15  ft.  of  rods  at  the  upper  end 
were  placed  through  the  hollow  drill  spin- 
dle of  the  screw  feed,  screwed  to  the  rods 
in  the  hole,  and  clamped. 

The  operation  of  drilling  consists  in  giv- 
ing a  rotary  motion  to  the  drill  rods  with 
attached  core  barrel  and  diamond  bit.  The 
core  barrel  is  generally  5  or  10  ft.  long 
and  of  slightly  larger  inside  diameter  than 
the  resulting  core,  enabling  water  to  reach 
the    bit.      On    the    outside    of    the    bit    are 


water  grooves,  allowing  the  water  with  the 
rock  cuttings  to  escape  up  around  the  dia- 
mond bit  between  the  rods  and  casing  to 
the  surface.  Between  the  diamond  bit  and 
the  core  barrel  in  the  core  shell  is  a  "core 
lifter."  This  device  is  a  split  ring  through 
which  the  core  must  pass  before  entering 
the  core  barrel.  The  latter  retains  the 
core  when  the  rods  are  pulled  up,  due  to 
the  reduction  in  diameter  produced  by  the 
downward  pressure  of  the  core.  A  drill 
runner,  in  order  to  be  sure  that  the  core  is 
in  the  barrel,  will  "block"  the  bit,  i.  e.,  he 
will  break  off  the  core  so  that  it  will  enter 
the  core  barrel  and  so  e.xert  a  downward 
pressure  on  the  core  lifter.  This  is  ac- 
complished by  running  the  machine  at  its 
full    capacity    until    it    suddenly    stops    or 


10' Gm    - 


a  man  has  worked  for  si.x  months  on  one 
of  these  rigs,  he  should  be  competent  to  run 
the  drill.  With  the  screw  feed  there  is  a 
positive  rate  of  advance,  /.  c,  it  requires 
so  many  revolutions  of  the  rods  to  advance 
a  certain  distance,  irrespective  of  the  quality 
of  the  rock.  When  an  open  seam  was  en- 
countered, the  machine  would  "race"  until 
rock  was  again  reached.  Where  greater 
progress  was  desired  in  the  rock,  the  steam 
was  increased,  resulting  in  a  greater  num- 
ber of  revolutions  per  minute  of  the  bit. 
On  the  counter-shaft  was  a  friction  device 
which  allowed  reversal  of  the  feed  and 
acted  as  a  safeguard  against  any  sudden 
jar  to  the  diamond  bit. 

Hydraulic  feed  was  used  on  the  machines 
employed   by  the  contractor.     The   amount 
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Fig.  1.     Outfit  for  Making  Wash  Borings. 


"plugs" ;  or  the  flow  of  water  may  be 
stopped  and  the  core  broken  by  the  heat 
generated  by  the  diamond  bit.  The  choice 
of  method  used  depends  upon  the  character 
of  the  rock  encountered.  In  very  soft  rock 
it  is  next  to  impossible  to  make  large 
runs  without  "blocking."  In  this  event  the 
rods  must  be  pulled  up  frequently  and  the 
core  removed  in  order  that  the  drilling  may 
proceed.  The  size  of  bit  used  varied  with 
the  casing.  With  the  larger  casing  an  A 
bit  giving  a  core  1%-  ins.  in  diameter,  was 
used,  but  when  the  1%-in  casing  was  em- 
ployed, the  E  bit  giving  a  lo-16-in.  core 
was  required. 

Owing  to  the  lack  of  experienced  drill 
runners,  the  screw  feed  only  was  used  on 
the  machines  operated  by  the  Board.     Aftef 


of  water  admitted  or  released  from  the 
hydraulic  cylinder  is  fully  controlled  by 
adjusting  the  valves,  thus  giving  an  unlim- 
ited range  of  feed,  which  is  of  great  value 
to  an  experienced  drill  runner.  The  hy- 
draulic feed  apparatus  is  entirely  inde- 
pendent of  the  engine,  and  the  feed  may 
be  regulated  or  reversed  while  the  rods 
are  still  rotating.  In  this  way  the  feed 
may  be  adjusted  to  take  advantage  of  the 
slightest  change  in  the  character  of  the 
rock.  In  soft  rock  a  greater  downward 
pressiire  is  possible,  while  in  hard  rock  the 
feed  is  diminished,  thereby  increasing  the 
number  of  revolutions  per  inch  of  advance. 
In  this  manner  a  constant  pressure  may 
be  kept  on  the  diamond  bit. 

The    methods    used    in    setting    diamonds 
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were  practically  the  same  in  the  operations 
oi  the  Board  ami  of  the  contractor!*.  Eight 
diamonds  were  placed  in  a  bit,  four  on  the 
outside  and  lour  on  the  ill^lllr  culling  edge 
of  the  arwiular  ring.  Ulank  bits  of  special 
soft  S»edi>h  iron,  made  to  gage  measure, 
were  furnished  by  the  nianulacturcrs.  A 
clearance  of  l-i'A  to  1-3".'  in.  on  each  nlone, 
depending  on  the  nature  of  tlu-  rock  to  be 
drilled,  wa>  allowed  in  >cttiUK  the  dia- 
monds In  soft  rock  a  greaiir  clearance 
was  lll■ce^^ar^  in  urdcr  to  prevent  the  drill 
cuttings  from  plugging  (he  bit. 

t'omfiirijon  of  .UclhoJs. — (a. )  Rigs. — A 
great  advantage  in  moving  from  one  loca- 
tion to  another  and  selling  up  appeared  in 
favor  of  ihe  light  rigs  u>ed  by  ihe  Hoard. 
Where  it  tinik  the  Ci>iitr;n'tor's  rigs  an  en- 
tire day  to  change  l<K'aiMii,  under  similar 
conditions  the  rigs  ui  ilu  Hoard  would  be 
prepared  for  operation  in  alxuil  one  or  two 
hours.  On  one  occasion  under  exactly  the 
same  conditions,  the  Board's  rig  had  moved, 
finished  a  .'{'>- ft.  hole  and  set  up  at  another 
location  in  the  time  it  took  the  contractor's 
rig  to  move  and  start  the  first  hole.  The 
contractor's  machino.  however,  were  much 
more  powerful,  and  nn  deep  holes  the  time 
of  moving  and  selling  up  would  lie  eijual- 
ize<I.  For  holes  up  to  10<)  ft.  in  depth  the 
Board's  rig  appeared  to  tie  the  better; 
while  for  holes  of  greater  depth  the  ma- 
chines of  the  contraclT  pmvrd  lietter 
adapted   fur  the   work 


(b.)    Casing.— The  method  of  driving  the       quired  to  operate  the  two  type*. 
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of  the  material  penetrated  was  more 
or  less  nncertaiii,  ami  it  is  not 
recommended  when  aciurate  iiifiirmalion 
with  reference  to  the  character  oi  the  ma- 
terial is  desired. 

(c.)     Drillin|{   in   Rock. — For  drilling   in 
rock  the  machines   u>ed  by  tl  '"r 

proved   belter  adapted  w  here   ;  as 

the      essential      point.        The«' 
c<|uippcd    with    tnc    hydraulic    • 
make  4"  ft.  a  day  in  good  bliu   : 
with   the   screw    feed   the    machines   oi   the 
Board   were   limited  to  3u  ft.     An   impor- 
tant   consideration    acting,    under    the    cir- 
cumstances,  in    favor   of  the   Board's   ma- 
liines   was  the  relative  degree  of  skill   rc- 
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The  pipe  has  holes  in  it  so  that  the  water 
may  be  easily  displaced  when  the  sample 
of  compact  material  enters  the  bottom  of 
the  pipe.  For  sand  or  material  which 
would  fall  out  of  the  sample  pipe  on  being 
lifted,  a  "sand  spoon"  is  used,  a  pipe  with 
a  closed  pointed  end,  with  a  slit  or  opening 
about  1  ft.  from  the  point.  This  is  driven 
into  the  material,  and,  on  pulling  it  up, 
the  sand  enters  the  spoon  and  is  so  brought 
to  the  surface.  In  this  way  the  material  is 
obtained  just  as  it  exists. 

B,  the  '..cash  method,  is  as  follows:  In  a 
tub  or  a  half-barrel  with  a  glass  panel  in 
one  side,  the  wash,  which  comes  up  through 
the  casing,  is  allowed  to  flow.  If  condi- 
tions are  right  and  the  tub  becomes  full, 
it  is  placed  at  one  side  and  about  a  tea- 
spoonful  of  hydrochloric  acid  mi.xed  with 
water.  The  action  of  the  hydro- 
chloric acid  is  very  decided.  It  takes 
about  30  minutes  to  settle,  while  with 
no  acid,  it  would  take  half  a  day. 
The  settlement  of  the  material  may 
be  seen  through  the  glass  panel.  When 
settled,  siphon  off  the  clear  water  and  the 
washed  sample  remains.  Fill  a  sample 
bottle  with  the  material,  label  with  date, 
depth   of  hole  and  description   of  material. 

Take  dry  samples,  owing  to  their  ex- 
pense, only  of  material  which  may  be  re- 
garded as  porous.  /.  c.  sand  and  gravel, 
sand,  or  sand  with  a  little  clay ;  otherwise 
the  wash  sample,  combined  with  the  proper 
observations,  will  serve  all  general  pur- 
poses. Never  take  a  sample  directly  after 
a  blast,  nor  when  the  wash  pipe  is  too  far 
ahead  of  the  casing.  The  best  time  is 
when  the  wash  pipe  is  about  3  in.  ahead. 

3.  make  a  concise  record  of  the  action 
of  water  in  all  boring  operations.  Should 
the  water  forced  down  the  wash  pipe  fail  to 
come  to  the  surface  again,  it  should  be 
recorded  as  "losing  water."  This  would 
signify  that  the  material  is  water  bearing 
or  porous,  or  it  may  be  a  seam  or  cavity 
such  as  may  exist  in  rock.  Should  the 
water  stay  at  the  top  of  the  pipe  it  would 
show  the  impervious  nature  of  the  under- 
lying material.  The  water  may  flow  out  of 
the  top  of  the  casing,  indicating  that  a 
stream  of  water  has  been  encountered  with 
a  greater  head  than  that  in  the  pipe. 

4.  It  will  not  be  sufficient  to  report  a 
material  as  "clay  and  sand."  for  clay  and 
sand  in  different  proportions  and  under 
different  conditions  may  vary  from  a  very 
soft  material  to  hardpan.  They  may  be 
stratified  or  exist  as  separate  pockets  or 
closely  intermingled,  and  all  these  condi- 
tions may  be  upset  when  water  is  present. 
A  proper  description  should  read  as  fol- 
lows : 

From  PO  to  100  ft. — Hardpan,  i.  e.,  clay, 
small  stones  and  boulders  in  a  very  com- 
pact mass.  Must  use  dynamite  almost 
constantlv  in  order  to  make  any  progress. 

From  100  to  140  ft.— Clay  and  sand.  Ma- 
terial very  soft,  the  weight  of  rods  being 
sufficient  to  penetrate  the  material  which 
stands  np  well  and  does  not  fill  in  when 
casing  is  removed. 

o.  The  inspector  must  bear  in  mind  the 
possibility  of  large  boulders  existing,  and 
should  constantly  be  on  the  lookout  for 
indicitions  of  them  in  the  drilling. 

Note:  In  this  locality  boulders  greater 
than  20  ft.  in  any  dimension  were  not  met 
with,  but  some  were  found  that  were  10 
or  12  ft.  through.  Consequentlv,  when  bed- 
rock was  reached,  it  was  decided  to  drill 
20  ft.  to  make  certain  it  was  not  a  boulder, 

fi.  Core  should  be  placed  in  the  bottom 
of  core  box.  as  shown  in  sketch,  .as  soon 
as  it  is  obtained.  At  A  place  the  top  piece 
of  core,  labeled  with  hole  number  and 
depth.  Then  place  the  remainder  consecu- 
tivelv  as  shown :  The  core  at  C  follows 
that  at  B.  while  that  nt  E  follows  D.  The 
next   laver   is   filled   with  core  in  the   same 


manner.  The  core  placed  corresponding  to 
A  will  follow  core  at  F.  After  the  box  is 
filled,  it  should  be  nailed  up  at  once  for 
storing.  In  every  case,  all  pieces  of  core, 
obtained  from  boulders  and  not  properly 
relating  to  the  hole  in  question,  should  be 
gathered  up  and  placed  in  a  box  made  for 
that  purpose. 

7.  Record  all  seams  encountered  in  rock. 
If  the  machine  "races"  while  drilling  with 
screw  feed,  it  is  probably  in  a  seam  and 
the  depth  should  be  recorded  with  width  of 
seam.  This  may  be  obtained  by  measuring 
to  the  depth  at  which  the  drill  stops 
"racing."  With  the  hydraulic  feed,  ,an  ex- 
perienced drill  runner  will  put  more  pres- 
sure on  the  rods  so  that  the  machine  will 
not  "race,"  and  he  will  be  able  to  tell  you 
whether  it  was  a  seam  or  soft  rock.  These 
data  should  be  checked  with  the  core  when 
it  is  taken  out.  Should  a  seam  be  encoun- 
tered, with  a  loss  of  water  for  some  time, 
it  would  show  an  open  seam  of  considerable 
extent  and  perhaps  finally  emptying  into 
some  waterway.  Should  the  water  be  lost 
for  a  short  time  only,  it  would  signify  a 
slight  cavity  in  the  rock,  or  a  small  seam 
which  was  made  watertight  by  the  rock 
cuttings  in  the  wash.  After  the  water  has 
been  entirely  lost,  another  open  seam  may 
be  encountered  with  no  surface  indications 
of  a  loss  of  water ;  hence  the  best  expedi- 
ent is  to  fill  the  upper  seam  by  forcing  oats 
through  the  wash  pipe  with  the  water.  This 
will  plug  the  seam  and  the  water  will  be 
regained.  The  core  is  obtained  in  pieces, 
varying  from  a  few  inches  to  several  feet 
in    length.      Note      by     inspection    whether 
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these  pieces  are  broken  off  mechanically  or 
whether  seams  exist. 

8.  Record  the  length  of  core  obtained 
with  the  amount  of  the  corresponding  run 
and  any  conditions  which  may  affect  this 
amount.  A  strong  pressure  of  water  has 
enough  force  to  loosen  a  soft  rock  so  that 
it  will  come  up  with  the  wash  and  leave 
no  core.  With  the  hydraulic  feed  the  run- 
ner will  be  able  to  make  much  more  prog- 
ress with  a  smaller  percentage  of  core. 
He  will  use  a  full  pressure  of  water  down 
the  wash  pipe  and  a  heavy  pressure  on  the 
hydraulic  feed,  grinding  to  pieces  the  core 
of  a  fairly  good  rock.  Sometimes  core 
will  be  left  in  the  hole  when  withdrawing 
the  core  barrel.  This  may  be  discovered 
by  dropping  a  weighted  tape  down  the  hole 
and  noting  the  depth.  Core,  so  left,  may 
be  recovered  by  replacing  the  bit  and  drill- 
ing a  little  farther, 

9.  After  a  hole  is  finished  the  inspector 
should  measure  it  carefully,  A  general  im- 
pression of  the  hole  should  be  sent  in  on  the 
daily  report,  obtained  from  interviews  with 
the  drill  runner  and  from  the  inspector's 
own  observations.  It  should  state,  in  a  gen- 
eral way,  the  character  of  the  material 
penetrated  and  might  read  as  follows :  "The 
material  in  this  hole  was  very  compact  and 
tough,  with  the  exception  of  a  strip  be- 
tween 30  to  40  ft.  deep,  in  which  clay  for 
the  most  part  was  encountered,  the  rods  and 
casing  going  down  very  readily.  The  rock 
was  soft  for  the  first  5  ft,  but  then  became 
very  hard.  This  hole  might  be  compared 
with  C  16/18  as  previously  reported," 

10.  The  casing,  or  some  smaller  pipe, 
may  be  left  in  the  hole  after  a  boring  is 
completed,  so  that  observations  to  deter- 
mine the  ground-water  level  may  be  taken. 
These  observations  should  be  sent  in  on  the 
dailv  report,  giving  the  depth  from  the 
surface  of  the  ground  to  water  in  the  pipe. 


A  small  brass  weight  with  a  cup-shaped 
cavity  in  the  bottom  is  very  useful  for  this 
purpose  and  may  be  attached  to  a  steel 
tape. 

11.  Upon  the  completion  of  a  boring,  a 
board  should  be  placed  by  it  showine  its 
number,  depth,  elevations,  etc.  These 
should  be  attached  to  a  tree,  a  stout  post 
or  a  stake. 

12.  Make  your  daily  report  on  form  111 
E  and  had  it  in  promptly  each  night. 

Test-pits  and  trenches  are  made  to  ob- 
tain a  more  accurate  idea  of  the  material 
than  is  procured  by  borings,  and  also  to 
check  them. 

Consequently  in  the  report  of  materials 
more  detail  should  be  given.  The  follow- 
ing are  some  general  rules  to  be  observed. 

13.  The  material  should  be  described  as 
to:  (a)  composition  (proportion,  if  pos- 
sible), (b)  how  compact  it  is,  (c)  for  what 
height,  if  any,  it  will  stand  up  before  lag- 
ging is  put  in  place,  and  {d)  what  effect 
water  has  on  the  material. 

14.  The  trenches  are  placed  in  side  hills, 
step-like  fashion.  A  report  should  be  sent 
in  when  the  trench  is  completed,  describing 
the  material,  minutely  referring  to  the  sta- 
tioning on  the  stakes  along  the  trench. 
Note  the  action  of  any  water  present  and 
send  in  a  force  account  when  the  trench  is 
completed. 

1-5.  Small  test-holes,  similar  to  post  holes, 
should  be  placed  in  the  steps  when  the 
trench  -is  finished  and  filled  with  water. 
Take  observations  on  them  hourly,  to  test 
porosity  of  the  soil. 

16.  On  the  test-pits,  a  report  should  be 
sent  in  daily.  Successive  photographs 
should  be  taken  as  the  work  proceeds,  in 
order  to  convey  an  accurate  impression  of 
the  materials  as  they  actually  exist  and  to 
check  observations  and  reports.  These 
may  be  taken  so  as  to  show  the  entire  shaft 
in  panorama  shape  and  should  be  accom- 
panied   by    a    description    of    the    material, 

17,  Estimates,  showing  in  detail  the 
amount  of  excavations,  timbering,  etc., 
should  be  made  on  the  first  day  of  each 
month. 

Conclusicns. — The  experience  gained  in 
the  borings  at  the  Ashokan  Reservoir  led 
to  the  following  conclusions : 

1.  A  washed  sample  without  proper  ob- 
servations was  of  no  value  as  a  record, 
while  greater  weight  given  to  the  inspection 
of  the  boring  operations  would  approach 
the  actual  conditions  much  nearer, 

2.  A  dry  sample  was  more  satisfactory, 
but,  without  the  inspector's  observations, 
was  not  sufficient. 

3.  Invariably  the  proportion  of  clay  given 
in  boring  records  was  too  small. 

4.  The  coarser  materials,  such  as  boul- 
ders, cobbles,  etc.,  were  not  given  enough 
weight. 

.5.  Small  stones  would  be  chopped  up  by 
the  bit  and  on  coming  up  through  the  casing 
would  lie  interpreted  as  sand. 

6.  If  water  was  lost  it  was  in  a  pervious 
material  or  water-bearing  stratum  with 
little  or  no  clay  present,  or  a  seam  in  rock. 

7.  If  material  was  recorded  as  "sand 
and  gravel"  with  no  loss  of  water,  it  was 
probably  an  incorrect  record,  for  clay  gen- 
erally was  present. 

8.  The  percentage  of  core  obtained, 
everything  else  being  equal,  varied  directly 
with  the  hardness  of  the  rock. 

0.  A  larger  percentage  of  core  was  pos- 
sible with  a  bit  of  large  diameter. 

10.  The  conglomerates  and  harder  sand- 
stones yield  nearly  95%.  while  the  softer, 
loose  and  tilted  shales  yield  less  than  25% 
of  core  at  best. 

11,  A  good  hard  rock  suitable  for  foun- 
dation or  construction  may  be  granular  or 
nodular  in  texture  and  consequently  give 
very  little  core  and  that  very  seamy.  This 
core  would  be  recorded  as  seamy  and  would 
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give  a  iihc  impression  ui  actual  charac- 
teristics. 

IJ.  The  amount  of  citc  should  be  but 
a  small  factor  in  a  gcjicrul  determination 
of  the  qualilv  of  the  rock  The  improper 
setting  ut  u  bit,  excessive  Mbraliun  uf  the 
rods,  too  strong  a  force  of  water,  or  the 
grinding  away  of  the  core,  will  reduce  the 
amount  oblamed. 

13.  N'crtical  seams  will  reduce  the  amount 
ot  core.  One  case  is  worthy  of  mention: 
Ten  feet  had  been  drilled  and  the  working 
of  the  machine  showed  no  unusual  condi- 
tions. Un  pulling  up  the  core  barrel,  it 
was  found  that  onlv  I  ft.  of  core  had  bifen 
obtained.  A  weighted  tape  was  dropped 
into  the  hole  to  see  whether  any  core  was 
left,  but  the  hole  was  found  clear  and 
empty.  By  careful  ins()ection  of  the  core 
that  was  obtained,  the  presence  of  a  certi- 
cal  seam  was  discovered.  The  machine 
showed  no  indications  of  soft  rock  or  hori- 
zontal seams  in  the  running,  the  wash 
came  up  throughout  the  run  with  gixxl  blue- 
stone  cuttings.  It  wa»  concluded,  there- 
fore, that  the  bit  had  been  in  a  vertical 
seam  and  was  cutting  good  rock  with  its 
outside  diamonds  and  consequently  no 
core  was  made  and  a  report  to  that  elTect 
was  sent  to  the  office. 

H.  It  is  possible  from  inspection  to  sec 
whither  detached  pieces  of  core  are  broken 
mechanically  or  whether  seams  exist. 

lo.  Boulders  greater  than  12  ft.  in  verti- 
cal dimensions  were  not  encountered  in 
the  glacial  till  of  this  section. 

Pressure  Tests  of  Bore  Holes.— Qciore 
beginning  excavations  for  the  foundation 
of  the  Olive  Bridge  Dam,  a  careful  study 
was  made  of  the  rock  to  a  depth  of  100  ft. 
below  the  creek  bed.  The  purpose  of  the 
study  was  to  investigate  the  rock  for  pos- 
sible cavities  or  openings,  and  to  discover 
and  definitely  locate  any  seams  that  might 
exist.  To  this  end  fifteen  diamond  drill 
borings  were  made,  with  a  total  length  of 
1,300  lin.  ft. 

Care  was  taken  to  accurately  locate  the 
position  and  width  of  all  seams  or  soft 
spots  encountered  during  the  progress  of 
a  bore.  The  drills  were  equipped  with  a 
screw  feed,  which  insured  a  uniform  rate 
of  progress  for  a  constant  number  of  revo- 
lutions per  minute.  Thus  in  sound  rock 
the  drill  ran  regularly,  but  as  soon  as  the 
bit  broke  through  into  a  softer  layer  or 
into  a  seam,  the  load  was  released  from 
the  engine  and  the  latter  raced.  This  r.ic- 
ing  continued  until  the  screw  feed  had 
carried  the  bit  down  to  harder  rock  or 
until  it  struck  the  lower  side  of  the  seam 
encountered.  As  soon  as  such  a  racing  oc- 
curred the  engine  was  stopped,  the  depth 
of  the  bottom  of  the  bore  noted  and  a  mark 
placed  on  the  drill  ro<ls.  The  set  screws 
Holding  the  rods  were  then  carefully  loos- 
ened and  any  drop  of  the  rods  noted 
The  rods  were  then  slowly  turned  bv  hand 
to  work  them  through  any  soft  filling  of 
mud  or  clay  that  might  be  in  the  seam.  If 
no  settling  was  noticed,  the  scam  was  said 
to   be   close.      The   drill    was    then    started 

again,  and  if  it  continued  '  ■  "' 

ber    of   hundredths   of    a    • 
until  the  bit  again  encounti: 

These  indicated  seams  were  later  checked 
with  the  core  to  confirm  the  interpretations 
of  the  drill  running,  and  in  very  few  cas' 
were  they   found  to  be  in  crrnr 
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Fig.  3.     Detail*  of  Apparatus  for  Teiting 
Borlngi  by  Hydraulic  Pretaure. 
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British  Methods  of  Competitive   Bid- 
ding on  Building  Work. 

Sirs:  As  a  London  surveyor  of  some 
twelve  years'  experience — now  working  for 
an  American  firm  of  contractors — tlie  writer 
would  lilie  to  comment  briefly  on  tlie  article 
having  the  above  title  in  your  issue  of 
June   9. 

The  system  of  bidding  on  quantities  sup- 
plied is  now  practically  universal  in  Eng- 
land. Building  works  of  any  magnitude 
executed  on  a  percentage  basis  are  exceed- 
ingly rare,  as  the  advantages  of  quantities 
are  so  much  greater.  Tour  contributor  is 
incorrect  in  stating  that  many  bills  of  quan- 
tities include  a  clause  putting  liability  for 
inaccurate  quantities  onto  the  builder.  No 
surveyor  of  repute  would  do  this,  and  few 
architects  would  entrust  work  to  a  man  who 
could  not  be  sure  enough  of  his  work  to 
accept  responsibility  for  it;  nor  would  many 
builders  care  to  bid  on  sucli  quantities. 

Although  In  most  contracts  the  quantity 
sur^'eyor  is  liable  for  errors  in  his  bills  of 
quantities,  It  is  a  very  rare  thing  for  any 
quantity  surveyor  to  pay  such  out  of  his 
own  pocket.  Although  serious  mistakes  are 
seldom  made,  yet  no  surveyor  can  be  in- 
fallible, where  a  mistake  is  found  it  is 
usually  treated  as  a  variation,  and  adjusted 
at  the  settlement  of  accounts  at  the  end  of 
the  job.  Legally,  however,  the  surveyor  is 
liable,  as  it  is  not  usual  to  make  quantities 
a  part  of  the  contract. 

The  schedule  of  charges  published  have 
not  been  generally  adopted  by  the  quantity 
surveying  profession.  The  rates  are  lower 
than  usually  obtain,  and  also  it  is  not 
customary  to  include  the  cost  of  printing  or 
lithography  in  the  surveyor's  percentage.  In 
a  small  job  of  public  work,  where  perhaps 
twenty  bidders  are  to  be  supplied  with  quan- 
tities, the  lithography  would  cost  more  than 
the  fees.  The  advantages  of  bidding  on 
quantifies  are  many.  In  particular  the 
closer  bidding,  and  tlie  provision  of  a  basis 
for  adjustment  of  variations  commend  them 
to  the  owner  and  the  architect,  and  the  ab- 
sence of  risk  to  the  contractor,  and  the 
great  saving  of  time  in  making  the  esti- 
mate makes  it  attractive  to  the  builder. 

The  system  is.  however,  far  from  perfect. 
The  amount  of  minute  detail  usually  includ- 
ed in  a  bill  would  astonish  the  American 
contractor.  I  have  known  as  many  as  40 
items  to  be  required  in  takinir  off  a  single 
■window,  and  the  bill  of  quantities  for  an 
office  building  costing  £40.000  will  often  run 
into  as  many  as  150  foolscap  pages.  In  spite 
of  this  it  is  preferable  to  the  present  system 
of  bidding  in  this  country,  where  the  esti- 
mator is  ^iven  a  week  or  less  to  fully  un- 
derstand, and  take  oft  from  plans  which  the 
architect  may  have  taken  months  to  pre- 
pare, and  where  he  has  to  assume  the  risk 
of  errors  in  estimating  quantities,  as  well 
as  tlie  risk  of  errors  in  pricing,  which  nat- 
urally should  fall  on  him.  and  wliich  in- 
volves the  expense  of  spending  days  on 
taking  off  work  which  he  never  gets;  work 
on  which  the  English  builder  would  spend  as 
many  hours. 

It  seems  to  the  writer  that  a  modification 
of  the  English  system  could  be  introduced 
with  advantage  into  this  country  if  a  general 
wish  were  expressed  on  the  part  of  con- 
tractors for  the  same.  There  are  undoubt- 
edly difficulties  in  the  way  of  its  adoption; 
the  chief  one  being  the  absence  of  any  rules 
of  measurement,  to  which  all  builders  con- 
form, but  this,  undoubtedly,  could  be 
Btraightened   out    in   time. 

Yours  truly. 

LESLIE  H.  ALLEN. 
8  Beacon  St.,  Boston,  Mass..  June  15,  1909. 


Personals. 

Mr.  Walter  E.  \\"inn  has  been  appointed 
City    Engineer    of    Danville.    111. 

H.  Engelbright  and  H.  Charonnat  have 
opened  an  engineering  office  in  Nevada  City, 

Nev. 

Patrick  Dunphy.  of  the  firm  of  Dunphy  & 
Nelson,  railroad  contractors,  died  early  this 
month  at  Mercy  Hospital.  Pueblo,  Colo.,  aft- 
er a  long  illness. 

Mr.  Wm.  S.  Hartman  has  been  appointed 
City  Engineer  of  Bozeman,  Mont.  Mr.  Hart- 
man  at  present  is  connected  with  the  en- 
gineering staff  of  the  Panama  Canal. 

Mr.  Irwin  S.  Lloyd.  C.  E..  lately  with  the 
Missouri  Pacific  R.  R..  lias  returned  to  Con- 
tord.  N.  H.,  and  reopened  the  office  of  Lloyd 
&  Mann,  civil  engineers,  at  No.  2^  No. 
Mann    St. 

Mr.  Howard  Carson,  M.  Am.  Soc.  C.  E., 
has  resigned  his  position  as  cliief  engineer 
of  the  Boston  Transit  Commission.  Mr.  Car- 
son has  designed  and  directed  the  construc- 
tion of  practically  all  of  the  elevated  and 
subway  lines  in  Boston. 

Mr.  W.  S.  Dawley  has  resigned  his  posi- 
tion as  Chief  Engineer  of  the  Missouri  & 
North  Arkansas  R.  R.,  and  has  accepted  a 
similar  position  for  tlie  construction  of  a  rail- 
road in  the  interior  of  China.  The  road  is 
to  be  constructed  for  the  Chinese  Govern- 
ment. 

Mr.  John  E.  Shoemaker,  until  recently 
constructing  engineer  for  the  city  distribut- 
ing system  at  Camaguey.  Cuba,  has  entered 
the  employ  of  Field.  Fellows  &  Hinderlinder, 
civil  engineers.  Denver.  Colo.  Mr.  Shoe- 
maker will  be  engaged  upon  preliminary 
surveys  for  an  irrigation  project  near  Pu- 
eblo.   Colo. 

Mr.  Earle  K.  Knight,  until  recently  con- 
structing engineer  in  charge  of  the  build- 
ing of  the  main  pipe  line  and  concrete  res- 
ervoir for  the  new  SSOO.OOO  water  works  at 
Camaguey.  Cuba,  has  become  principal  as- 
sistant engineer  for  the  firm  of  Hazlehurst 
&  Anderson,  consulting  engineers,  926  Can- 
dler Building,  Atlanta,   Ga. 

Mr.  Francis  T.  Bacon,  formerly  architect 
for  the  Illinois  Central  R.  R..  died  in  Chi- 
cago on  June  IS,  aged  43  years.  For  two 
years  Mr.  Bacon  bad  been  in  private  prac- 
tice. While  with  the  railway  company  he 
designed,  among  other  buildings  for  the 
company,  the  Van  Buren  St.  Station  and  the 
lu-story  annex  to  the  12th  St.  Station  in  Chi- 
cago, and  the  Union  Station  in  Memphis,  and 
the  great  warehouses  at  New  Orleans. 

The  U.  S.  Civil  Commission  has  announced 
the  following  examinations  to  be  held  next 
month  in  the  principal  cities  of  the  coun- 
try: Computer  in  the  Supervising  Archi- 
tect's OfBce,  Treasury  Department;  exam- 
ination to  be  held  July  8-9.  Aid.  Coast  and 
Geodetic  Survey  (four  vacancies  in  the  posi- 
tion of  deck  officer  at  $76  per  month);  exam- 
ination to  be  held  July  S-9.  Architectural 
Draftsman,  $1,500  per  annum  in  Quartermas- 
ter's Department  at  Large.  Philippines  Divi- 
sion; examination  to  be  lield  July  14-15.  To- 
pographic Draftsman  at  $900  per  annum  in 
Coast  and  Geodetic  Survey;  examination  to 
be  held  July  14-15.  Engineer,  in  wood  pres- 
ervation. Forest  Service,  at  $1,000  per  annum; 
examination  to  be  held  July  21-22.  Applica- 
tion blanks  can  be  obtained  by  addressing 
the  XJ.  S.  Civil  Service  Commission  at  Wash- 
ington, D.  C. 

The  following  changes  have  been  made 
in  the  Engineering  Department  of  the  U.  S. 
Reclamation  Service;  Appointments — Mr.  E. 
H.  Elder.  junior  engineer.  Sunnyside 
unit.  Yakima  Project;  Mr.  H.  W.  Gris- 
wold,  junior  engineer,  Yakima  Project; 
Mr.  A.  E.  Geiger.  junior  engineer, 
office  of  supervising  engineer,  Port- 
land. Ore.:  Mr.  J.  C.  Heinz,  junior  en- 
gineer, Wapato  unit.  Yakima  Project;  Mr. 
E.  S.  Taylor,  assistant  examiner,  Umatilla 
Project;  Mr.  R.  S.  Thayer,  junior  engineer; 
Orland.  Project;  Mr.  R.  C.  E.  Weber,  jun- 
ior engineer,  office  of  supervising  engineer. 
Portland.  Ore.  Reinstatement — Mr.  F.  C. 
Youngblutt.  junior  engineer,  from  Sun  River 
Project.  Transfers — Mr.  E.  H.  Baldwin,  en- 
gineer, from  Pathfinder  Dam  to  Yakima 
Project;  Mr.  J.  S.  Conway,  engineer,  from 
Orland  Project  to  Yakima  Project;  Mr.  B. 
H.  Davis,  engineer,  from  Sunnyside  unit, 
Yakima  Project,  to  Klamath  Project;  Mr.  J. 
D.  Fauntleroy.  engineer,  from  Yuma  Proj- 
ect to  Yakima  Project;  Mr.  R.  D.  Hubbard, 
assistant  engineer,  from  Klamath  Project  to 
Malheur  Project;  Mr.  J.  L.  Rhead.  assist- 
ant engineer,  from  Orland  Project  to  Mal- 
heur Project.  Separations — Mr.  O.  W.  Pe- 
terson, assistant  engineer,  resigned:  Mr.  W. 
D.  S.  McCormick,  junior  engineer,  expira- 
tion of  furlough:  Mr.  W.  A.  Keddie,  engin- 
eer,  expiration  of  furlough. 


Catalogs  Worth  Having. 

Engineers  and  contractors  should  have 
on  file  the  latest  catalogs  of  machines, 
tools  and  supplies  that  they  use.  In  sending 
for  catalogs  reviewed  or  advertised  in 
this  paper,  you  will  confer  a  favor  on  us 
if  you  will  write  direct  to  the  advertisers 
and  state  that  you  saw  the  catalog  men- 
tioned in  Engineering-Contr.'^cting.  If 
you  are  in  the  market  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  notify 
promptly  the  leading  manufacturers. 

No.  12S6.  Industrial  Uocomotives. — Ernest 
Wiener  Co.,  50  Church  St.,  New  York. 

A  T-page  pamphlet,  well  printed  and  il- 
lustrated, describing  a  gasoline  motor  to  be 
used  by  the  contractors  and  manufacturers 
on  industrial  railways  in  place  of  the  or- 
dinary dinlieys. 

No.  1287.  Expansion  Bolts. — Diamond  Ex- 
pansion Bolt  Co.,   90  West  St..  New  York. 

A  24-page  catalog  describing  and  illustrat- 
ing expansion  bolts,  anchor  screws,  shutter 
eyes,  insulator  brackets,  and  various  appli- 
ances of  this  character  for  use  in  concrete, 
brick,  stone  and  masonry. 

No.  12SS.  Street  Railway  and  Telephone 
Material. — Newhall  Chain.  Forge  &  Iron  Co., 
9  Murray  St.,   New  York. 

This  is  a  24-page  book  devoted  to  cross- 
arm  braces  and  fittings,  guy  clamps  and 
thimbles,  bolts  and  pole  steps,  turn  buckles, 
digging  tools  and  washers,  all  for  use  in 
connecting  with  the  overhead  work  of  street 
railways  and  telephone  and  telegraph  lines. 

No.  1289.  Forgings  and  Castings. — Newhall 
Chain  Forge  &  Iron  Co.,  9  Murray  St.,  New 
York. 

In  this  32-page  catalog  chains  for  many 
purposes,  connecting  links,  hooks,  shackles, 
boat  spikes,  rafting  dogs,  davits,  checks  and 
cleats,  posts  and  towing  tits  and  scow  cast- 
ings made  by  this  well  known  firm  are  illus- 
trated and  described. 

No.  1290.  Cars,  Hoisting  Engines  and  Der- 
rick Fittings. — New  Jersey  Foundry  &  Ma- 
chine Co.,   15  Murray  St..  New  York. 

This  is  a  27-page  catalog  describing  and 
illustrating  small  wooden  dump  cars,  of  the 
rotary,  side  dump  and  hopper  bottom  type; 
flat  cars  for  various  purposes;  derrick  fit- 
tings, scale  boxes  and  dump  buckets;  hoist- 
ing engines,  locomotive  cranes,  and  equip- 
ment  of  industrial   railways. 

No.  1291.  Glimpses  of  the  Panama  Canal. 
— Wood  Drill  Works.  30-36  Dale  Ave.,  Pater- 
son,  N.  J. 

This  is  an  attractive  pamp.ilet  telling  in 
an  interesting  manner  of  the  wonderful  work 
being  done  at  Panama,  where  Wood  drills 
are  being  used. 

No.  1292.  Hand  Street  Sweepers.  —  The 
Barron  &  Cole  Co.,  Barron  Building,  New 
York. 

A  27-page  catalog  of  the  Peerless  Pick  Up 
Hand  Street  Sweepers,  which  is  said  to  be  an 
economical  and  sanitary  machine,  adapted  to 
smooth  pavements.  warehouse  platforms, 
bridges  and  similar  structures. 

No.  1293.  Sprinkling  Wagons.— E.  D.  Et- 
nyre  &  Co..  Oregon.  111. 

A  16-page  catalog,  well  printed,  describ- 
ing and  illustrating  the  various  sprinkling 
wagons  made  by  this  company.  A  ver.v  good 
catalog. 

No.  1294.  Metal  Gaskets.— U.  S.  Indestruc- 
tible Gasket  Co..  50  Church  St..  New  York. 

A  bulletin  telling  of  metal  gaskets  of  all 
kinds  and  giving  a  price  list. 

No.  1295.  Pressed  Steel  Plank  Holders. — 
J.    H.   Sullivan.    Grand   Rapids,    Mich. 

Tills  54-page  pamplilet  describes  the  con- 
struction of  and  the  methods  of  using  the 
Sullivan  plank  holders  for  concrete  forms. 
The  pamphlet  is  a  useful  one  and  contrac- 
tors for  concrete  work  will  find  its  presen- 
tation of  the  merits  and  uses  of  the  device 
named  of  interest. 

No.  1296.  Steam  Shovels.— The  Thew  Au- 
tomatic Sho^'el  Co..   Lorain,   n. 

Tills  48-page  catalog  illustrates  the  full 
line  of  steam  shovels  made  by  the  abo\'e 
firm  and  describes  each  in  detail.  This 
shovel  has  a  full  circle  swing  and  is  novel 
in  having  a  special  horizontal  dipper  crowd- 
ing motion  of  great  amplitude  which  per- 
mits the  shovel  to  work  efficiently  in  very 
shallow  cuts.  Contractors  will  be  interested 
by  this  catalog. 
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The  Common  Confusion  of  the  Terms 
Depreciation  and  Repairs. 

.\iu    ciiKiiK'tr    »li<i    IS    iii.il.iiiK    .111    I'x.iiii 
inatioii    of    cnK"i»»t"'K    Iil>  r.i'Mrr    r'-'ittri; 
tn  costs  can  not   l.i!l  to  Ix- 
the  fact  that  few  writers  h.i 
conception  of  the  meaning  of  the  word  de- 
preciation.    The   moment    n    tool     is    pur- 
chaseil   it  liTKins  to  deprcfiatc.  whether  it 
In  used  or  not.  for  the  i 
ical  science  makes  it  . 
tool  will  be  develo|>cd  withiii  vuiii|urittivc- 


'-d  may  also 
he   said   |o  ai   \o*%  of 

Miriil   1.1    .i'  ;__. .J  a   form  of 

ii"  that  can  t>e  cared  for  by 
i.i.tv>.ii>  cii  parts,  that  is  '  -  -  -!  Such 
"ilepreciatiun"  shotiM  ;iIm  'Red  to 

repairs,  and  »h.  i«:  cLuicd  under 

tlic  head  of  del 

It  may  seem  thai  ihi-.  n  a  r-  g 

with    words,    but    in    any    sen-;  r^t 

essential  is  to  detine  the  terms  that  are 
to  be  used,  and  then  to  adhere  alway*  to 
the  definitions. 

Due  to  the  Tact  that  confusion  exists  at 
present,  it  is  a  very  common  thing  to  run 
across  an  engineer's  estimate  of  the  cost 
of  maintaining  machinery  which  contains 
an  item  of  0  per  cent  for  "depreciation." 
Further  examination  of  the  estimate  dis- 
closes nothing  for  repairs,  making  it  evi- 
dent that  the  engineer  intended  to  iiKlude 
repairs  under  his  5  per  cent  allowance  for 
"depreciation."  Such  estimates  arc  almost 
invariably  ridiculously  low,  for  while  true 
depreciation  may  he — and  usually  is — no 
more  than  .j  per  cent  per  annum,  current 
repairs  are  usually  .5  to  20  per  cent  in  addi- 
tion, for  all  the  heaWer  classes  of  ma- 
chinery. W'c  recall  seeing  an  estimate  of 
this  sort  not  long  ago  relative  to  operating 
and  maintaining  a  dredge.  The  estimate 
was  grossly  in  error,  and  from  this  erro- 
neous estimate  the  inference  was  drawn 
that  it  would  he  cheaper  for  the  govern- 
ment to  own  dredges  than  to  contract  fur 
the  work. 

.•\  locomotive  has  a  true  depreciation  ..s 
less  than  .'»  per  cent  per  annum,  but  the 
cost  of  renewals  (of  parts)  and  repairs 
u>ually  exceeds   1.5  per  cent. 

True  annual  depreciation  is  either  the 
reciprocal  of  the  life  of  the  machine,  or 
it  is  the  percentage  of  the  first  cost  an- 
nually put  into  a  sinking  fund  to  redeem 
the  machine  at  the  end  of  its  life.  If  a 
machine  has  a  life  of  'JO  years,  it  ma"  l>e 
said  to  depreciate  5  per  cent  per  annum, 
and  this  is,  in  our  oy  \  meth- 

od  of   arriving   at   i:  ae,"   or 

depreciated  value.  ( >ii  the  other  hand,  if 
.'t  per  cent  of  its  first  cost  is  put  annually 
into  a  sinking  fund  drawing  compound  in- 
terest at  ordinary  rales  (about  .'•  per  cent 
interest  (,  at  the  end  of  20  years  the 
'  invested  will  re<leeni  the  orig- 
nent.     Since    the    life    of    a    nu- 
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exact,  much  smaller 
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'1    IS    itnisir.i    .in<i    «irju« 


mat> 
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error   in 


:    liie   ;.ft   ^-st.  but 

r  It  a  fuiKtion  of 
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JV- 


.    the  Item     of     repairs 
II..,.,    .  '...,»    unlets  due  coo- 

II  to  the  fact  thai 

tl;r     in.nnilir     IS     i-iic     i  '      of       the 

year.     It   is  srcatlv  to  tlut   all 

ven 
of 
the    nucliinc    and    as    >  or 

fractions  of  a  cent,  per  inc 

Thus  the  annual  cost  of  repainng  a  rock 
crusher  should  be  given  as  a  percentage 
of  the  first  cost  of  the  crusher  as  well  as 
so  many  cents  per  cubic  yard  of  crushed 
r«k. 

While  true  depreciation  is  a  ctmstanl 
percentage  (»er  annum  the  iteni  of  repair* 
is  a  variable  :  increas- 

ing  as   the   ni  HeiKC 

in  recording  the  cost  oi  repairs  it  is  al- 
ways desirable  to  give  the  age  of  the  ma 
chine  and  the  total  number  of  units  of 
work  it  has  done  dunng  its  life 

This  has  been  truly  called   the  machin- 
ery age,  but  it  is  a  ■  iry  upon 
engineers   of   all   c!  .»ble   and 
complete    information    aa    to    ihc    cost    of 
repairs    on    machinery    is    aim   st    wholly 
wanting,     .\side   from  data   r  the 
operation  of  railway  cars  an  .  .  .    ...  ;:ves, 

there  arc  no  published  statistics  of  much 
value  covering  the  cost  of  repairs  on  any 
Riven     class     of     machinery.      We     have 


I    every    ' 
.  necring    » 
cost  of  repairs  to  machines,  and.  while  we 
have  found  a  very  considera'-'--    ■•'■. '"t  of 
vattuble  information,  it   is   v  red 

when  one  considers  the  great  imi" nance 
of  the  subject  and  the  vast  lield  from 
which  inform.!' 

A  Macadam  Specification  That  Needs 
Cbangiog. 

In  the  desire  to   sri-nrr   crrlain   results  it 
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factory  methods  of  securing  a  uniform 
thickness  of  the  broken  stone ;  but,  even 
if  there  were  none  better  than  the  method 
of  using  wooden  blocks,  there  is  one  ob- 
jection to  this  method  which  should  cause 
it  to  be  abandoned.  We  refer  to  the  fact 
that  the  presence  of  cubes  of  wood  in  the 
road  prevents  the  use  of  scraping  or  level- 
ing machines  for  spreading  heaps  of 
broken  stone.  Where  cubes  of  wood  or 
where  stakes  are  placed  in  the  middle  of 
a  road,  it  is  impossible  to  spread  the  stone 
except  by  hand.  Hand  spreading  costs 
from  6  to  12  cts.  more  per  cubic  yard  of 
loose  stone  than  machine  spreading,  as  we 
have  shown  previously  in  these  columns. 
While  hand  spreading  is  still  the  almost 
universal  practice,  it  is  partly  so  because 
of  the  existence  of  just  such  specifications 
as  we  are  now  criticising. 

A  few  short-sighted  engineers  may  take 
the  stand  that  since  the  contractor  pays  for 
the  spreading,  no  matter  how  it  is  done, 
no  favors  should  be  shown  by  abandoning 
the  old  time  method.  However,  it  takes 
no  argument  to  prove  that  the  public  pays 
the  cost  in  the  end,  for  the  contractor 
bases  his  bid  upon  the  actual  cost.  If  ma- 
chinery enables  him  to  reduce  the  cost  of 
a  structure,  the  public  ultimately  secures 
similar  structures  at  a  lower  price. 

In  this  connection  it  is  pertinent  to  re- 
mark that  the  grade  stakes  used  in  grad- 
ing the  shallow  trench  in  which  the  mac- 
adam is  to  be  laid  should  be  driven  neither 
in  the  center  of  that  trench,  as  is  often 
done,  nor  exactly  on  the  lines  of  the  sides 
of  the  trench.  It  has  been  the  writer's 
practice  to  offset  the  grade  stakes,  placing 
them  exactly  1  ft.  outside  the  lines  of  the 
trench.  The  tops  of  the  stakes  should  be 
driven  so  as  to  be  exactly  on  a  level  with 
the  surface  of  the  finished  macadam  at 
the  center  of  the  road.  Driven  in  this 
manner,  the  grade  stakes  will  not  be  dis- 
turbed by  the  graders,  nor  by  the  men 
and  teams  spreading  the  broken  stone,  nor 
by  the  roller. 

A  wooden  straight  edge  can  then  be 
laid  across  the  top  of  opposite  grade 
stakes,  and  measurements  can  be  made 
down  to  subgrade  or  to  grade.  The  proper 
distances  down  from  the  straight  edge 
to  grade  should  be  marked  at  intervals 
upon  the  straight  edge.  This  method  is 
far  more  satisfactory  both  to  the  con- 
tractor and  to  the  engineer  than  any  other 
method  that  involves  placing  either  wooden 
blocks  or  stakes  within  the  lines  to  be 
occupied  by  the  macadam. 

For  the  benefit  of  our  new  readers  we 
may  add  that  the  blade  of  the  machine 
used  to  spread  the  piles  of  broken  stone 
should  be  so  raised  as  to  cut  off  only 
a  small  part  of  the  pile  of  stone  each  trip, 
spreading  it  little  by  little.  No  machine 
should  be  expected  to  give  the  finishing 
touches  to  the  surface  of  the  broken  stone. 
After  doing  all  the  heavy  work  of  spread- 
ing with  the  machine,  use  potato  hooks  or 
rakes  to  do  the  final  smoothing  of  the 
surface. 


Concrete  and  Reinforced  Concrete  Section 


Note: — This  section  is  devoted  to  methods  and  cost  of  constructing  concrete 
and  reinforced  concrete  structures.  It  will  cover  the  selection,  testing  and 
proportioning  of  concrete  materials;  laboratory  tests  of  concrete;  concrete 
mi.xing,  transportation  and  placing;  fabrication  and  placing  of  reinforcement, 
and  form  construction  and  erection.  It  will  also  contain  articles  on  new  and 
interesting  developments  in  the  design  of  reinforced  concrete. 


Methods     of     Constructing    Concrete 

Silos,  With  Some  Data 

on  Design. 

II. 
Wall    Construction. 
Methods  of  wall  construction  vary  with 
the  type  of  silo  being  built : 

(1)     The  walls  of  solid  monolithic  con- 
crete silos  are  built  by  depositing  the  wet 


P/ecB  for  /ns/de  c/rc:y/or  form. 
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Fig.    3 — Diagram   for    Laying    Out    Circu- 
lar   Rib    Segments. 

concrete  in  forms  or  molds.  The  forms 
are  circular  in  shape  and  two  are  used, 
one  inside  the  other  with  a  space  between 
equal   to   the  thickness   of   the  wall. 

(2)  The  walls  of  hollow  monolithic 
concrete  silos  are  built  by  means  of  forms 
of  the  same  character  as  those  used  for 
solid  walls,  with  the  addition  of  separate 
forms   for   molding  the   hollow   spaces. 

(3)  The  walls  of  concrete  block  silos 
are  laid  up,  like  stone  masonry,  of  molded 
concrete  blocks ;  no  forms  are  employed. 

The  construction  of  monolithic  walls, 
either  solid  or  hollow,  involve  (a)  form 
work;  (b)  reinforcing;  (c)  concreting, 
and  (d)  ladder,  roof  and  door  work. 
The  construction  of  block  walls  involves : 
(a)  block  molding;  (b)  block  laying  and 
reinforcing,  and  (c)  ladder,  roof  and 
door    work. 

Thickness  of  Walls. — Practice  furnishes 
no  standard  for  thickness  of  silo  walls ; 
examples  show  thicknesses  varying  from 
6  ins.  to  2  ft.  Concrete  silos  were  first 
built  with  very  thick  walls  and  without 
reinforcement;  practice  has  changed  to 
thin  reinforced  walls.  In  computing  silo 
walls  the  usual  assumption  is  that  the 
reinforcement  shall  provide  against  all 
bursting  strains.  The  thickness  of  con- 
crete is,  therefore,  merelv  that  thickness 
required  for  insulation,  tightness  and  con- 
struction purposes.  A  C-in.  solid  wall  will 
satisfy  the  requirements  for  silos  of  or- 
dinary dimensions  and  the  wall  should  be 
of  uniform  thickness  from  bottom  to  top; 
making  the   wall   thinner   at   the   top   does 


not  save  enough  concrete  to  balance  the 
extra  cost  of  varying  the  size  of  the 
forms.  Hollow  monolithic  walls  require 
about  a  3-in.  air  space  and  at  least  3-in. 
shells  so  that  the  total  thickness  will  not 
be  less  than  9  ins.;  a  12-in.  hollow  wall 
is  a  good  standard  for  ordinary  size  silos. 
Hollow  block  walls  are  usually  made  10 
to  12  ins.  thick  for  the  lower  one-third 
and  8  to  10  ins.  thick  for  the  upper  two- 
thirds  of  the  height. 

FORMS. 

Forms  for  silo  walls  are  usually  built 
of  wood,  but  several  patented  metal  forms 
are  on  the  market  and  any  of  the  usual 
patterns  of  wood  forms  can,  of  course,  be 
built  of  steel.  The  requisites  of  silo  wall 
forms  are:  (1)  strength,  rigidity  and  in- 
variability of  shape;  (2)  lightness  and 
convenience  in  erection  and  removal  and 
simplicity  in  fabrication.  Poor  form- 
work  is  uneconomical,  and  gives  often  un- 
sightly and  sometimes  unsafe  structures. 
Formwork  is,  therefore,  a  part  of  the 
work  to  which  careful  attention  should  be 
given. 

Forms  for  Solid  Walls. — Movable  forms 
are  most  convenient  and  economical ;  sta- 
tionary forms  are  not  considered  here. 
The  movable  form  consists  of  two  con- 
centri;  rings  set  one  inside  the  other  with 
a  space  between.  The  two  rings  are  set 
first  on  the  foundation  and  filed  level 
full ;  after  the  concrete  has  hardened 
enough  the  rings  are  lifted  until  only  the 
bottom  edges  still  embrace  the  concrete 
and  they  are  filled  again.  This  process 
is  repeated  until  the  full  height  of  the 
wall  has  been  reached.  The  height  of  ring 
used  varies  from  16  ins.  to  4  ft.  The 
ring  construction  and  the  methods  of 
moving  and  handling  the  rings  vary.  The 
following  e.xamples  are  from  good  prac- 
tice. 
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Fig.  4 — Framing  for  Circular   Forms. 

E.xample  I. — The  forms  described  un- 
der this  example  were  detailed  by  Gay- 
lord  and  Wilson  and  they  apply  specifi- 
callv  to  a  10x25-ft.  silo,  6-in.  walls,  but  the 


June  30,  1909. 


ENGINEERING-CONTRACTING 


5»9 


tame  construction  is  suitable  for  any  other  to   l>c   sawed      V 
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changed  as   11.  inl   inr-'ii-r  ..n.  is  '    It.   (or  iiis; 

The     I'lirin    illi:  ri»i»t»    of    two  tcr  '    and    conl 

circular  riiiK»  srt  the  tith-T  with  p:ir -I.   mark   a 

a  G-in.  space  ttelwecii.     Ldch  rr  is    5    ft, 

of   two  circular   ribs   one   at   tl.  1   Fig.  3. 


'"-    IV   it 
curve 


at 
On 


■  'jm 
IV 

.    . ...    ..,,    .,,u..,cter 

^T'lrr.f  s 

.*-it>L'      .n!       f(.      \\'r-      nnit 

Cacll    15     ■ 

and    C.    ■ 

.rnt    and 

eter    m    the    last 
found  that   U   ■  f 
arc    required 
to  eivl  on  thr 

the 

J..K  t- 

a  secitnd 

it,..     ■    r.. 

section    on    the    lie 
Ix-l-in.    studs   and 
place    the    section 
The  curved    faces 

>or.  erect  tin  it  s-ertical 
on  l"p  if  th<-se  ♦t«fl< 
of    r 

of   li 

^ 

i  in. 

.1,. 

^f.-^b/7^. 


Fig.   5 — Plan   of  Forms  in   Place   and  of  Staging  for  Their  Operation. 


one  at  the  bottom  connected  by  vertical 
and  diagonal  bracing  These  ribs  form 
the  frame  to  which  the  sheeting  is  at- 
tached. In  the  form  illustrated  this  sheet- 
ing is  steel  plates,  but  twnrd  shcctirg  may 
be  empliiyeil  if  desired  by  ni.ikiiii;  sonic 
slight  inciditications  in  the  cnii.str«ilion  to 
be  dc5crit>ed.  The  rings  arc  both  H  ft. 
high,  so  that  •32  ins.  in  height  of  wall  can 
be  built  at  one  time  without  shifting  the 
forms.  After  this  'iS  ins.  of  wall  has  been 
completed  the  forms  arc  loosened  by 
means  of  adjusting  Ixilts,  raised  by  levers, 
and    lightened    up    .igain    for    c       '  i; 

another  3J  ins   blight  of  wall, 
tion    is    repeatcil    until    the    full    ...k....    .1 
the  wall  is  re.-iclu-d. 

To  lay  out  the  wooden  ribs  proceed  as 
follows :  Plank  I'xO  ins.  in  size  is  used 
for  ribs.  On  any  level  platform,  like  a 
barn  floor,  ni.-ike  a  "center"  by  driving  a 
wire  nail  l.<i"p  one  end  of  the  cord  or 
wire  over   this   i   1  '    r   end 

may   I>c   swung  This 

cord   is  useil   to    hi.hr    m.    >mi  •     •^•" 

inside    faces    of    the    ribs       V:\  r 

rib   will   consi-t   ■■'     >    niifnl.  r 
or    segments,    wl  'i 

will   depenil   upoi: 
and  the  thickness  "i 

tiers  and  the  Icnv'hs  I 

for   silos  of   dilT  "itli 

a    uniform    wall  •  n    in 

Table   IV.  with  r.iiuis ...■    .....1  other 

details. 

From  Table  IV  it  i«  seen  that  for  a  10- 
ft.  silo  '20  scgmnits  each  .1  ft  J  ins  long 
arc  required  lor  the  two  ril>s  of  the  in- 
side form.  From  the  stock  of  'ix6-in. 
planks  saw  2o  3- ft.  '2in.  lengths.  The 
next  step  is  to  mark  the  cur\e  to  which 
the  inside  faces  of  these  L'xi'.  in    pieces  are 


the  3- ft.  '2-in.  piece  as  shown  so  that  its 
outer  edge  at  the  center  comes  even  with 
the  mark.  Then  with  the  cord  or  wire 
mark  the  circle  on  top  of  the  3-ft.  2-in. 
piece  and  also  mark  the  Ik-vcI  of  ends 
where  the  strin;;  when  taut  cuts  across  the 
corners.  Saw  the  piece  along  these  marks 
and  one  segment  of  inside  rib  is  coinplet- 


connect  the  top  rib  se.  ■  the  bot- 

tom   rib   section   on    tlf  a  ay    from 

their  curved   faces  by  a  pdir   oi   diagonal 
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and  

and 

boar.. 

of  the  studs  and.  t) 
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work  for  one  rm 

as  shown  by  lii;    I  a  is 

fastened  to  the  curved   ■  me- 

work.  The  construction  •■:  Titi.  :  s  ;i  and 
C  is  carried  out  exactly  like  the  construc- 
tion of  section  .1 

The  next  step  is  to  assemble  the  three 
sections  of  ring  to  make  the  complete  in- 
side form.    Figures  6  and  6  show  a  plan 
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Fig.  ft^Sectlon  of  Forms  Showing  Staging  and   Operating  Levers. 
The  other    10  segmnits  are  made  in 


for   the   outside 

•  ■•    is    exactly    the 

of   the  segments 

•  \e  to  which  they 
-.  .0  indicated  by  the 
3      The   sire   of    seg- 


and  a  tr 
forms  11 
side   foil 

tior     -f    • 


>te<l 

in- 

sec- 

■!  r 


Fig.    T,    but    the    1-in     txilt    is    not    placed 


520 


ENGINEERING-CONTRACTING 


\ol.  XXXI.     Xo.  26. 


until    the    forms    are    erected.      The    1-in. 

space  left  between  the  ends  of  the  sec- 
of  the  hinges  results 
C    overlapping    where 


tions   to   allow' 
in    sections    B 


play 
and 


To  shift  the  forms  upward  for  the  sec- 
ond and  succeeding  courses  of  concrete 
a  scaffolding  and  form  lifting  device  are 
necessary.     These   are   constructed   as    fol- 
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Fig.  7 — Details  of   Hinge   Connecting   Sections. 


they  join.  This  overlap  is  removed  by 
cutting  the  ends  back  and  also  framing 
them  as  shown  by  Fig.  8  to  leave  a  12-in. 
opening  which  is  held  together  by  two 
adjusting  bolts.  This  opening  is  closed, 
when  the  forms  are  in  place,  by  a  shut- 
ter 1x3  ft.  in  size  made  of  two  ix6-in.x3- 
ft.   boards   fastened   together  by  cleats. 

As  stated  above,  the  sheeting  of  the 
forms  illustrated  is  of  steel  plates.  A  24- 
gage  steel  is  used  and  is  fastened  to  the 
form  frames  by  nailing.  The  size  of  sheets 
to  be  used  will  be  whatever  size  can  be 
got  that  will  fit  best.  Horizontal  joints 
should  be  avoided  if  possible,  but  if  un- 
avoidable the  joint  should  come  over  the 
lx3-in.  circular  strip.  Vertical  joints 
should  come  over  the  edges  of  the  Ix-l-in. 
studs.  At  hinges  the  sheeting  should  be 
left  lapping  about  2  ins.,  enough  to  pre- 
vent an  open  space  but  not  enough  to  hin- 
der the  free  operation  of  the  hinges. 
There  should  also  be  a  14-in.  overlap  at 
the  adjustable  joint. 

As  stated  above,  the  sheeting  may  con- 
sist of  vertical  boards  if  desired.  Sound 
and  clear  1-in.  tongued  and  grooved 
boards  not  over  6  ins.  wide  should  be 
used.  If  boards  are  to  be  used  their 
thickness  must  be  provided  for  in  cutting 
the  rib  segments.  This  is  simpb'  done  by 
using  a  4-ft.  11-in.  cord  or  wire  instead 
of  one  5  ft.  long  for  marking  the  8-ft.  2- 
in.  segments,  and  by  using  a  5-ft.  7-in. 
cord  or  wire  instead  of  one  5  ft.  6  ins. 
long  for  marking  the  outside  ring  seg- 
ments. The  sheeting  boards  should  be 
dressed  on  the  face  next  to  the  concrete. 
It  will  be  seen  from  the  proceeding 
description  that  the  forms  are  divided  into 
small  enough  separate  sections  to  be  han- 
dled conveniently.  The  methods  of  erect- 
ing and  manoeuvering  these  forms  will 
now  be  described. 

Erecting  and  Moving  Forms. — The 
method  of  erecting  and  moving  the  forms 
described  in  Example  I  is  as  follows :  On 
the  concrete  footing  prepared  as  described 
in  a  preceding  section  set  up  the  four  sec- 
tions of  the  inside  form,  so  that  the  open 
joints  will  come  on  the  side  at  wdiich  the 
hoisting  of  the  concrete  will  be  done. 
Next  place  the  hinge  bolts  in  the  ends  of 
section  A  and  the  adjusting  bolts  in  the 
open  joints  between  sections  B  and  C. 
Get  the  form  on  exact  center  and  level  it 
up  carefully.  Next  set  up  and  connect  up 
the  outside  form.  Center  it  with  respect 
to  the  inside  form  by  means  of  the  spac- 
ing boards  shown  by  Fig.  -5,  which  should 
be  spaced  about  3  ft.  apart  around  the 
circle,  and  by  tightening  the  adjusting 
bolts.  The  forms  are  now  ready  to  be 
filled  with  the  first  course  of  concrete. 


lows :  The  scaffolding  consists  of  two 
pairs  of  3x6-in.  posts  located  and  braced 
as  shown  by  Figs.  .5  and  6.  In  regard  to 
location,  do  not  place  the  two  pairs  of 
posts    directly    in    line,    but    as    shown    by 
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Fig.    8 — Details    of    Adjustable    Joint. 

Fig.  .5 ;  this  will  give  clearance  to  the  lever 
arms.  The  distance  apart  of  the  two  pairs 
of  posts  should  be  5  ft.  for  a  10-ft.  silo 
and  6  ins.  further  apart  for  every  1  ft. 
increase    in    diameter    of    silo.      For    the 


about  3  ft.  above  the  splice  in  the  other. 
To  erect  the  posts  first  lay  two  SxTi-in. 
planks  across  the  silo  floor  for  the  posts 
to  stand  on  and  cleat  the  bottoms  of  the 
posts  to  these  planks.  Plumb  the  posts 
and  brace  them  upright  by  inclined  braces 
running  from  the  posts  to  stakes  set  in  the 
ground  outside  of  the  footing.  This  brac- 
ing will  be  removed  after  the  first  course 
of  wall  has  been  completed  and  the  per- 
manent bracing  shown  by  Figs.  .5  and  6 
will  be  substituted  but  carelessness  should 
not  be  permitted  in  doing  the  temporary 
work;  it  should  be  firm  and  strong.  The 
permanent  bracing  consists  of  three  sets 
of  horizontal  struts  nailed  to  the  posts  and 
having  their  ends  bearing  against  the  in- 
side of  the  silo  walls,  as  shown  by  Figs. 
5  and  G. 

The  lifting  device  consists  of  two  lev- 
ers operating  tw^o  lifting  planks.  Place 
the  lifting  planks,  2.x8  ins.xl2  ft.,  across 
the  forms  as  shown  by  Fig.  5  and  connect 
them  by  wnre  to  the  forms  so  that  wh^n 
these  wires  are  pulled  up  taut  there  is  a 
2-in.  space  between  bottoms  of  lifting 
planks  and  top  edges  of  forms.  For  the 
first  lifting  the  2x8-in.  planks  will  be 
wired  to  the  top  ribs  of  the  forms  only  as 
the  bottom  ribs  rest  on  the  concrete,  but 
before  making  the  second  lift  wire  to- 
gether the  top  and  bottom  ribs  as  shown 
by  Fig.  U  so  that  the  top  rib  will  not  have 
to   take  all   the   strain. 

After  the  lifting  planks  are  placed  meas- 
ure on  the  posts  4  ft.  aliove  the  top  edge 
and  bore  1%-in.  holes  through  the  posts 
to  receive  the  lever  bolts.  As  the  work 
progresses  upward  successive  lever  bolt 
holes  are  necessary.  These  should  be 
spaced  apart  just  the  height  of  the  lift; 
thus  if  the  3G-in.  forms  are  left  lapping 
the  wall  4  ins.  each  lift  will  be  .32  ins. 
and  the  bolt  holes  will  be  32  ins.  apart. 
The  levers  are  now  put  in  place  between 
the  posts,  using  1-in.  lever  bolts  l-j  ins. 
long. 

As  the  levers  will  only  raise  the  forms  1 
ft.  at  a  time,  three  holds  will  have  to  be 
provided  in  order  to  raise  the  forms  3  ft. 
This  is  done  by  making  three  loops  of 
wire,  each  1  ft.  shorter  than  the  other,  by 
means  of  which  the  ends  of  the  levers  are 
attached  to  the  lifting  plank  (see  Fig.  10). 
The  longest  of  the  loops  is  just  long 
enough  to  attach  the  lifting  board  to  the 
lever,  when  the  short  end  of  the  lever. is 
in  the  lowest  possible  position,  as  shown 
in   Fig.   G. 

Three  more  loops  of  wire  are  attached 
to  the  lifting  planks,  just  long  enough  to 
slip  over  the  bolt  in  the  uprights,  and  in 
this  way  hold  the  forms,  until  the  end  of 
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Fig.  9 — Details   of   Splice   for  Staging    Posts. 

be   attached    to   the    second 


posts  use  12  or  16-ft.  lengths  and  splice 
them  as  shown  by  Fig.  9  to  get  the  re- 
quired height.  When  splicing  see  that 
both  posts  of  a  pair  are  not  spliced  at  the 
same  height,  but  splice  one  at  a  height  of 


the    lever    can 
loop. 

The  shortest  wire  should  hold  the  form 
about  1  in.  higher  than  is  finally  desired. 
With  the  form  held  on  the  third  or  short- 
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<*l      ll>0|l,      pi.i-  .       two      _'\^    Ml        ' 

the    lorni        ^lvl•^c    t»<i    pit 
plank   should   lie   iiirasiiml   u..-,   ,..,    . 
.aKuinst  the  silu  wall  ulini  (liry  arc  ii.nli'l 
arrows     ihc     Mxii-iii      ixisi*      Level     iIicm 
braces  carefully  and  nail  them  In  the  iMitts 
at  a  point  ju>t   I  in.  lielow  the  lop  ot  the 
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Fig.    lO^Details   of    Lifting    Lever. 

finish  concrete  in   the   wall-.. 

Lay  a  straight  edge  across  the  top  ol 
the  forms  Iwlore  lifting,  and  make  a  mark 
on  the  posts  4  ins.  Ir-Iow  this  i-ilgc.  .\ltcr 
the  li>rms  arc  raised,  nail  the  two  "JxX-in. 
braces  to  the  posts,  with  the  top  e<lges  at 
the  mark.  Brace  the  ends  of  the  J.\'<-in. 
planks  with  IxiJ-in.  btiards.  and  further 
brace  the  posts  whenever  necessary  as  the 
Work  progresses,  as  shown  in  Fig.  0.  With 
the  weight  of  the  forms  on  the  levers, 
take  off  the  loops  over  the  bolt  and  lower 
the  forms  till  the  inside  form  rests  on  the 
■JxS-in.  brace,  lloldiiig  the  levers  in  this 
piisition.  e.\pand  the  inside  form  into  po- 
sition with  the  adjusting  IbiIis.  Now  lower 
the  outside  form  in  the  same  way,  using 
the  ti-in.  spacing  t)oard  to  keep  the  two 
forms  the  correct  distance  apart  at  the 
lop.  Drive  small  wedges  between  the 
SxS-in.xlJ-ft.  lifting  pieces  and  the  inside 
form  so  that  the  play  in  the  wires  between 
the  '.'xf'-in.  planks  and  the  inside  form 
will  be  taken  up  after  the  levers  are  re- 
leased. These  wedges  will  hold  the  L'x(*- 
in.  lifting  pieces  in  place  and  they,  in 
can  now  le  released,  and  the  form  is 
turn,  hold  the  outside  form.  The  levers 
again   ready   for  concrete. 

Table  V  shows  for  various  diameters 
of  silos  the  si/cs  of  wires,  levers,  braces 
and   lifting  planks  required. 

.Messrs,  Gaylord  and  Wilson  cite  the 
following  cautions  in  handling  these 
forms  as  described.  (I)  Do  not  raise  the 
forms  clear  of  the  linished  wall,  as  trou- 
ble will  lie  had  in  gettnig  them  back 
again.  (2)  He  careful  to  r:ii-.e  the  forms 
slowly  and  to  work  iKJth  levers  at  the 
same  time  in  raising,  so  that  the  forms 
will  not  bind. 

Kxamplc  II.— The  form  illuMraleil  bv 
Kig  II  is  given  by  M.  L.  King  as  eni- 
Ixxlying  a  combination  of  the  ficsi  fea- 
tures of  all  the  Wood  forms  which  have 
come  under  his  observation.  This  i»  a 
seclif)nal  form.  Two  rings  are  used,  one 
after  the  other  in  rotation,  ili^ 
ring  lieing  removed  .ind  pl;n  id 
fast  as  the  c  ■    -• '     '    -  '■  '^' 

this   form  ci  1 
place    bv    wo.  ■ 

tails   arc    shown    by    the    seviral 
It    is    suggested    that    greatir    <•■ 
might   lie   obtained    in   liaiiilliiig   tl'.i>    i. .iiii 
by   makinir   the   inner   h.>nps    with    a    joint 
like  the  i>»tside  hoops 

The  methofi  of  handling  these  forms  i» 
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as  follows:  Set  the  first  hoops  on  the  slaves  and  place  and  adjust  the  third 
footing  and  center  and  level  them.  Then  h(x>p.  By  the  lime  this  second  course  of 
place  the  staves  entirely  around  the  tank.       concrete  has  been   placed   the  t'lrsl  course 
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Fig.   11 — Oelaili  of  Sectional  Forms  for  8llo  Construction. 

N'ext  place  (he  top  hoops  to  embrace  the  will  have  hardened  and  the  bottom  hoop 
stai'es  and  tighten  (hem.  .'Xfler  the  first  and  bottom  row  of  staves  can  be  re- 
ring  i.s  concreted   set   ihe  second   nngs  of  movetl  and   placed   on   lop. 
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Methods  of  Molding  and  Driving  Re- 
inforced Concrete  Piles  and  Sheet 
Piles  for  a    Steamship    Ter- 
minal and  a  Navy   Yard 
Pier.* 

The  work  was  at  the  steamship  termi- 
nals constructed  for  the  Atlanta,  Bir- 
mingham &  Atlantic  R.  R.,  at  Brunswick, 
Ga.,  and  at  the  pier  built  for  the  U.  S. 
Government   at   Charleston,   S.   C. 

Steamship  Terminals. — The  terminals 
consisted  of  two  piers,  one  500  ft.  long 
and  140  ft.  wide,  the  other  900  ft.  long 
and  140  ft.  wide,  with  a  coal  trestle  and 
a  coal  pier  about  300  ft.  in  length  and  a 
basin  1,700  ft.  long  and  2.50  ft.  wide.  At 
the  head  of  each  pier  were  two  ware- 
houses 400  ft.  in  length  and  80  ft.  in 
width ;  there  was  also  a  power  house  125 
by  40  ft.  Underneath  the  piers  the  con- 
crete piles  were  used  for  the  bearing  piles 
entirely.  They  were  driven  on  12-ft.  cen- 
ters both  crosswise  and  lengthwise  of 
piers.  The  piles  used  under  the  terminals 
ranged  from  30  to  51  ft.  in  length  and 
weighed  from  3  to  5  tons  each.  The  re- 
inforcement consisted  of  four  1%-in. 
bars  wound  with  spiral  ■'/i-in.  bars.  At 
the  head  of  the  pile  Clinton  electric  weld- 
ed reinforcement  came  down  about  4  ft. 
It  was  placed  there  to  help  stand  the 
shock  from  hammering.  A  1%-in.  water 
jet  was  used.  The  piles  were  16  in.  sq. 
to  within  10  ft.  of  the  bottom  and  8  in. 
sq.  at  the  bottom.  They  had  a  4-in.  shoul- 
der 16  in.  from  the  head  cast  on  two  op- 
posite sides  that  left  a  tenon  at  the  head 
of  the  pile  8x16  in.  The  forms  were  made 
in  one  piece  the  entire  length  of  the  pile, 
the  corners  being  beveled  1  in.  The  con- 
crete was  mixed  in  the  proportions  of  1 
part  cement,  2  parts  sand  and  3  parts 
broken  stone  and  mixed  very  wet.  The 
amount  of  water  in  concrete  was  deter- 
mined entirely  by  the  distance  the  con- 
crete was  carred  in  wheelbarrows,  the 
mortar  being  kept  just  moist  enough  so 
that  the  stone  would  not  settle  to  the  bot- 
tom of  the  wheelbarrow.  At  first  stone 
from  1-in.  down  was  used.  The  concrete 
was  made  in  a  mixer  and  wheeled  in  bar- 
rows to  the  forms.  Great  care  was  used 
in  tamping,  as  many  as  seven  men  being 
used  to  each  pile,  and  the  casting  of  each 
pile  was  made  one  continuous  operation. 
After  the  piles  were  made  the  forms  were 
removed  in  24  hours.  They  were  then 
kept  moist  for  7  days,  at  the  end  of  which 
time  they  were  picked  up  by  means  of  a 
traveler  and  chain  bridle  and  moved  to  the 
storage  place,  where  they  were  kept  for 
two  weeks  longer.  At  the  end  of  that 
time  they  were  taken  to  the  floating  pile 
drivers   and   driven. 

A  cast  steel  cap,  sliding  in  the  leads  of 
the  pile  driver  with  a  4,500-lb.  hammer 
was  used  in  the  driving  of  the  piles.  In 
the  bottom  of  the  cap  was  placed  some 
rope  and  rubber  and  in  the  upper  part  a 
wooden  block  which  the  hammer  struck. 
The  cap  was  made  to  fit  over  the  top  of 
the  tenon  in  the  pile.  It  kept  the  pile  from 
turning,  so  that  in  driving  it  could  not  get 
out  of  position,  a  very  important  thing, 
for  it  was  necessary  in  this  work  to  get 
the  piles  in  exact  position  and  keep  them 
there.  The  first  week  we  attempted  to 
drive  them  by  means  of  the  water  jet  and 
hammer,  but  succeeded  in  getting  down 
only  4,  5  and  6  piles  a  day.  In  fact,  I 
don't  know  that  we  got  down  as  many 
as  6.  The  driving  was  particularly  deep. 
The   piles    were   51    ft.   long   and    fully   40 


♦Condensed  from  a  paper  by  M.  M.  Cannon 
read  before  the  Boston  Society  of  Civil  Engi- 
neers on  Sept.  16,  1908. 


ft.  of  them  were  driven  in  the  ground. 
We  were  rather  discouraged  that  it  took 
so  long  to  drive  the  piles  and  decided  to 
try  some  other  method,  finally  decided  on 
the  scheme  of  raising  and  dropping  them. 
A  wire  bridle  was  fastened  around  the 
top  of  the  pile,  by  which  to  lift  it,  the 
hammer  and  cap  being  allowed  to  remain 
on  the  top  of  the  pile  as  an  additional 
weight.  The  piles  were  raised  from  18 
ins.  to  2  ft.  and  dropped.  By  this  method 
we  increased  the  driving  until  some  days 
I  have  seen  as  many  as  27  to  30  piles 
driven  in  14  hours.  The  piles  averaged 
from  30  to  51  ft.  in  length.  On  account 
of  the  water  jet  boring  a  hole  ahead  of 
the  pile,  it  was  found  necessary  in  driving 
to  shut  off  the  jet  and  drive  the  last  few 
inches  by  means  of  the  hammer,  the  dis- 
tance to  be  determined  by  experience  ac- 
cording to  the  character  of  the  bottom  we 
were  driving  in.  If  we  had  good  clear 
sand,  we  used  to  shut  off  the  jet  and  drive 
the  last  8  or  10  ins.  with  the  hammer  with- 
out any  jet,  the  hammer  dropping  from 
6  to  8  ft.  The  man  running  the  level 
could  determine  very  easily  after  he  had 
become  accustomed  to  it  when  to  begin 
driving  with  the  hammer. 

The  character  of  the  bottom  in  the 
Brunswick  work  varied  considerably.  We 
had  good  clear  sand  and  hard  clay,  some 
of  the  hardest  I  have  ever  seen.  Also  we 
had  to  drive  through  a  stratum  of  soft 
rock  composed  of  shell,  sand  and  lime 
which  was  harder  than  any  coral,  and 
have  driven  many  reinforced  concrete 
piles  through  2  ft.  of  it.  Afterward  we 
pulled  some  piles  up  that  had  been  driven 
through  this  material  and  found  the  edges 
of  bottom  pile  just  slightly  rounded  off. 
There  were  about  6,000  piles  driven  and 
about  50  per  cent  of  them  through  the 
above  material. 

At  the  head  of  the  piers  we  drove  a 
bulkhead  of  6.xl4  in.  reinforced  concrete 
sheet  piling.  The  piles  had  four  reinforc- 
ing bars  and  one  side  of  the  bottom  was 
beveled  off  the  same  as  with  wooden 
sheet  piling  to  keep  them  together.  We 
used  no  water  jet  on  the  inside  of  these 
piles,  but  on  the  outside,  and  in  that  way 
saved  considerable  pipe. 

There  is  one  thing  that  I  have  over- 
looked in  speaking  of  the  jet  for  concrete 
piles.  The  1%-in.  pipe  was  carried  only 
one-third  the  length  of  the  pile,  coming 
out  of  the  pile  at  the  ground  level  in  the 
shape  of  a  reversed  curve.  We  then  used 
a  separate  piece  of  pipe  on  the  pile  driver 
long  enough  to  extend  down  and  to  fit 
into  the  other  pipe  where  it  came  out  of 
the  pile.  That  upper  piece  was  taken  out 
and  used  over  again,  the  object  being  to 
save  pipe,  and  we  were  able  by  this  means 
to  save  from  25  to  30  ft.  on  each  pile. 
We  also  found  it  feasible  to  use  a  jet  the 
same  size  the  entire  length  of  the  pile.  A 
1%-in.  jet  was  used  on  the  first  pile  we 
drove  at  Brunswick,  and  I  tried  putting 
a  small  end  on  it,  but  in  every  case  we 
were  able  to  drive  the  pile  into  position 
with  a  straight  jet  and  do  it  quicker  than 
we  could  with  the  jet  reduced  at  the  bot- 
tom. Out  of  all  the  6,000  piles  we  drove 
I  don't  think  I  can  remember  more  than 
one  or  .  two  instances  where  the  pipe 
clogged  from  driving.  The  jet  seemed  to 
be  successful  in  keeping  it  open. 

The  sheet  piling  was  of  the  same  mi,x- 
ture  of  concrete  as  used  in  bearing  piles, 
the  proportions  being  1-2-3  with  stone  of 
1-in.  in  size.  I  do  not  deem  it  advisable 
from  the  experience  I  had,  to  use  6-in. 
sheet  piling,  and  would  not  advise  any 
less  than  8  ins.  in  thickness.  The  shoul- 
der and  groove  are  so  light  on  the  6-in. 
piling  that  it  is  difficult  to  keep  the  shoul- 


ders  from  breaking,   vi-hile   with   8-in.   the 
joints  were  perfect. 

Under  the  power  house  we  drove  some 
concrete  piles;  in  fact,  the  entire  build- 
ing is  supported  on  them,  14  in.  sq.  and 
25  ft.  long,  with  the  same  reinforcement 
as  we  used  for  the  piers.  But  this  method 
was  abandoned  afterward  on  the  other 
work,  for  the  reason  that  it  was  found  we 
could  drive  pine  piles,  cut  them  off  at  the 
water  level  and  put  concrete  piles  on  top 
of  them  cheaper  than  we  could  drive  con- 
crete piles. 

The  basin  previously  mentioned  is  1,700 
ft.  long  by  250  ft.  wide.  The  construc- 
tion in  that  is  perhaps  unique  and  more 
interesting  than  the  concrete  bearing  piles. 
We  built  a  bulkhead  with  concrete  sheet 
piles.  18  in.  sq.  and  45  ft.  long  and  weigh- 
ing 7  tons  apiece.  Pine  piles  were  driven 
and  a  platform  built  on  them  on  which 
the  concrete  piles  were  made.  At  the  end 
the  piles  were  beveled  off  to  12x18  ins. 
The  reinforcement  of  these  piles  consisted 
of  four  %-in.  corrugated  bars  running  the 
entire  length  of  the  pile.  For  the  lower 
two-thirds  of  the  pile,  that  part  from  low- 
water  mark  down  to  the  end,  two  P/4-in. 
corrugated  bars  were  put  in  to  form  a 
truss  to  take  the  strain  where  the  maxi- 
mum load  came  on  the  pile.  We  used  a 
2-in.  water  jet  instead  of  a  l%'-in.  and 
found  it  much  preferable.  These  piles 
had  a  tongue  and  groove  on  them.  The 
proportions  of  concrete  were  1-2-3,  the 
same  as  in  the  other  work. 

The  piles  were  made  on  the  platform, 
20  of  them  being  cast  in  a  day.  They 
were  allowed  to  set  and  kept  moist  seven 
days,  at  the  end  of  which  time  they  were 
picked  up  by  means  of  a  lighter,  carried 
away  to  the  storage  pile  and  allowed  to 
remain  three  weeks  longer  before  being 
driven.  The  joints  between  the  piles  fitted 
very  close,  in  fact  much  better  than 
wooden  sheeting.  The  bottom  through 
which  the  piles  were  driven  varied,  I 
think,  more  than  in  the  case  of  the  other 
piles.  Sometimes  it  was  sand,  then  again 
very  hard  blue  clay.  In  the  case  of  these 
piles  we  drove  them  the  entire  way  by 
churning,  not  using  any  hammer  at  all. 

The  number  of  piles  driven  on  the 
Brunswick  work  was  5,426.  The  approx- 
imate cost  of  the  terminals  was  $1,. 500,000. 
The  two  piers  built  cost  about  $1.40  per 
sq.  ft.,  that  is,  figured  on  the  surface  of 
the  dock.  The  cost  of  the  18-in.  bulkhead 
was  $75  per  running  foot  complete,  ex- 
clusive of  the  dredging.  The  work  started 
July  .5,  1906,  and  was  completed  May  1, 
1907,  or  in  eleven  months. 

Charleston  Pier. — This  pier  was  de- 
signed for  the  Charleston  navy  yard  at 
Charleston,  S.  C,  and  is  CO  ft.  wide  and 
520  ft.  long.  It  is  built  upon  cast  rein- 
forced concrete  piles  of  the  same  general 
design  as  those  used  in  the  Brunswick 
work.  They  are  55  ft.  long  and  18  ins. 
square  to  within  8  ft.  of  the  bottom  and 
then  taper  off  to  12  in.  square.  The  re- 
inforcement of  these  piles  consists  of  four 
lV4-in.  twisted  bars  and  two  %-in.  bars. 
The  government  asked  the  contractors  to 
submit  their  own  design  for  concrete  pil- 
ing, the  cross-sections  of  which  should  be 
equal  to  18  in.  sq.  and  7  sq.  in.  of  rein- 
forcement, and  we  could  get  the  best  ar- 
rangement of  the  reinforcement  by  the  use 
of  the  rods  I  have  mentioned.  The  %- 
in.  bars  are  placed  in  the  corners  of  the 
pile  25^  in.  in  from  the  outside.  The  two 
^-in.  bars  were  put  in  the  pile  2%  in. 
in  from  the  surface  on  opposite  sides  and 
on  a  line  across  the  pier. 

These  piles  were  made  on  the  same  gen- 
eral scheme  as  the  sheet  piling  at  Bruns- 
wick. They  were  built  on  a  platform, 
wooden    forms    were    used,    a    2-in.    water 
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jet  °2'J   ft    luiiK   was  put   into  the  pil' 
for    the    rest    uf    the    lll^tarlrc    wa*   i^i; 
The  piles  were  kept  m 
then  pickeil  up  liy  nir 
carried    away    t'l    •' 
scheme   used    I'^'f 

weiKlied   1"  tuns  t.     .      .. 

consisting   of   two  chains   kept   apan 
piece  of  yellow  pine  IK  ft.  long      ll.i 
down  from  each  end  »>(  this  piece  oi   iiiu 
b«r    were    two    big    timtier    hooks.       1  hev' 
were   used   to   lift   the   concrete   piles.      W  i- 
had   no  trouMc   in   liitiiiK  thcni.     In    fact, 
of  all  the  piles  driven  at   Brunswick  or  at 
Charleston,   1   never   saw   one  tiroken    from 
lifting  it.     We  carried  them  from  the  stor- 
age  pile  to  the   site   where  the  work  was 
l>eing   done  on   liKhters. 

The  bottom  through  which  wc  drove 
the  piles  at  Charleston  consisted  of  marl, 
which  is  a  yellow  clay  that  is  extremely 
hard  and  has.  I  think,  about  1">  per  cent 
of  sand  and  is  very  stickv.  When  it  comes 
out  in  the  open  air  inside  of  a  few  hours 
it  is  so  hard  that  you  have  to  use  a  ham- 
mer to  break  it.  It  is  almost  stone.  For 
the  hrst  oi'  ft.  of  the  pier  the  piles  were 
ilriven  through  3*<  ft.  of  this  marl,  no  sand 
whatever,  but  the  very  hardest  kind  of 
marl.  The  driving  was  done  entirely  by 
the  churning  process  until  wc  got  within 
•J  or  3  ins.  of  the  bottom,  when  they  were 
driven  to  grade  with  a  4.jiHi-lb.  hammer. 

The  work  was  started  Mav  Is  and  was 
completed  in  three  and  a  half  months.  The 
cost  was  $J.(io  per  sq.  ft.,  almost  double 
the  cost  ot  the  Brunswick  work,  due  prin- 
cipally to  the  fact  that  the  piles  were  10 
ft.  on  centers  where  we  had  12  ft.  on  cen- 
ters at  Brunswick,  and  to  the  heavier  con- 
struction. For  bracing  the  piers  at  low- 
water  mark  we  put  a  pipe  through  the  pile 
when  casting  it,  which  gave  a  hole  ij  in. 
alMjvc  low  water  through  which  a  1-in. 
bolt  fastening  two  (j  by  12  in.  low-water 
girders  was  placed.  .-Mso  cross  bracing 
was  fastened  to  the  superstructure  and  to 
these  low-water  girders. 

The  test-load  required  in  the  case  of  the 
Charleston  pier  was  -lOO  lb.  to  the  sq.  ft. 
or  "20  tons  to  the  pile  and  the  government 
had  the  privilege,  of  course,  of  choosing 
any  piles  they  wished  us  to  test ;  instead  of 
testing  the  piles  at  20  tons  to  the  pile,  we 
loaded  them  to  '30  and  kept  the  load  on 
for  48  hours.  The  piles  stood  up  so  well 
to  this  test  that  the  governiiicnt  engineers 
were  able  to  fin<l   no   settlement   whatever. 


Bids  for  constructing  additional  sections 
of    New    York    State     barge     canal      were 
opened  by  F.  C.  Stevens,  state  superintend- 
ent of  public  works,  at  .-Mbany,  N.  Y  ,  June 
23.     (In    contract    No    30    for   constructing 
14   miles   of    the    Iwrgc    canal.    Little    Falls 
to    Startling    Crn'k.    ihrcr    liii|>     were      re- 
ccive<l,  the  .Acnu-    KnijinciTJng  \   r..iisiriic- 
tion   Co.,   of   New    Yurk    an<l    .^ 
being  lowest  at  $3..'l!)l,fi<k5     Th. 
estimate    on    this    contract 
On  contract  No.  3«!  for  ma. ! 
there    was    but    one    formal       'ii.      <  n  .nrs 
I.ongTiicker  &  Co.,  of  New  York,  at  $10'.t.- 

!Mn.    .-IS   agait^-'    •' "  ■" ''-    ■'"'".' 

Wt.t^M'      1)11 

of  canal   fri" 

ty  line  through  1 

were  received      S 

New    York,    was    l.i.v.    l.iinn    $1 

against   the   engineers'   cvlimate 
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rection    of    the    state 
sion.     The    board     ha\ 
charge    will    make    per»i>inl    Iri) 
the  5.6!».'>  miles  of  road  within  tli.  ! 

it    is   expected    that   the    work    will    tnj   ir. 
many  months. 


liarlli  and  Ruck  Section 


Note:  I  his  Section  isJc\olcd  to  nicthi>J»  and  i.omU  of  ctcjivalins  earth  and 
rock  and  builJint:  embankment*.  It  will  co\cr  the  (radint  of  r<>aJ>  and  rail- 
roads, dlkinc  and  canal  work,  drcdKi"K.    building  rc*eooir«   and  earth  dam*, 

sewer  and   water  pil>f  trenching,  quarr\iii'^.  eli. 


Comments    on    Excavating    Trenches 

witb  Macbiaes. 

(Continued  from  June  '23  issue.) 

When  scrapers  are  used  to  excavate 
trenches,  the  shoring  and  bracing  must  be 
done  sub«c<iuent  to  the  work  done  by  the 
scrapers  as  the  braces  interfere  with  their 
movement.  However,  when  an  orange 
peel  bucket  is  used,  the  excavation  by 
means  of  the  bucket  can  be  continued 
even  after  the  shoring  and  bracing  are 
placed. 

The  orange  peel  bucket  is  either  worked 
by  a  locomotive  crane  or  by  a  derrick  car 
that  is  moved  along  the  ground  on  skids 
or  wheels.  The  crane  or  derrick  is  run  on 
one  side  of  the  trench.  The  usual  custom 
is  to  first  excavate  the  trench  to  as  great 
a  depth  as  possible  without  danger  of  cav- 
ing in  the  sides,  and  then  place  the  shor- 
ing. Then,  generally  the  rx-st  of  the  ex- 
cavation is  done  by  band,  but  if  the  bucket 
is  being  used  with  a  locomotive  crane,  or 
by  a  derrick  that  is  mounted  on  a  car  with 
wheels  that  can  move  under  power,  at  a 
fair  rate  of  spec<l,  it  would  \>c  possible  to 
continue  the  excavation  with  the  orange 
peel  bucket.     Likewise  a  .    '  '  luld  be 

used   with   an   orange   pt.  i  rid   the 

e.xcavated  earth  used  lor  i.i.  r..,,,,i^,  or  be 
loailed  into  wagons  or  cars. 

I'hc  orange  peel  bucket  will  excavate 
soft  material  very  rapidly  as  the  bucket 
fills  well  and  quickly  in  it,  but  a  bucket 
will  also  dig  heavy  clay,  if  it  is  well  de- 
signed and  has  sufhcient  weight  to  it.  .\ftcr 
shoring  is  placed  in  a  trench,  the  bucket 
cannot  excavate  under  the  braces,  but  only 
a  few  cents  per  cubic  yard  :  '  '  '  id 
the  cost  to  have  men  cut  out   •  .il 

under  the  braces  and  cast  it  t      :iie 

bucket  can  pick  it  up.  Engineers  an<l 
contractors  have  not  yet  realized  the  great 
range  of  work  that  self  loading  buckets 
will  do.  It  is  very  true  that  the  uses  of 
such  buckets  have  increased  wonderfully 
during  the  past  decade,  but  there  is  still 
a  great  field  of  work  to  which  they  can  be 
applied. 
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mounting  the  shovel*  on  a  skeleton  frame. 
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a  platform  must  be  built  to  hold  the  turn- 
table, thus  adding  to  the  height,  however, 
with  steel  beams,  this  height  could  be  re- 
duced. A  good  motto  to  follow  is  to  keep 
the  shovel  low.  No  matter  how  the  ma- 
chine is  mounted,  arrangements  should  be 
made  to  hold  the  shovel  in  its  position 
while  digging,  for  in  hard  excavation,  un- 
less this  is  done  the  shovel  will  back  away 
from   the  breast   and  much   time  is  lost. 

Figure  2  shows  how  shoring  is  placed  in 
a  trench  under  a  shovel.  For  this  purpose 
the  sheet  piles  should  be  cut  to  about  the 
proper  length,  as  they  cannot  be  driven,  but 
must  be  placed,  and  which  the  waling  and 
trench  braces  are  put  in.  In  order  to  have 
the  shoring  conveniently  at  hand  they  are 
carried  along  on  the  framework  that  holds 
up  the  shovel.  This  saves  much  labor  in 
carrying  lumber  over  the  piles  of  dirt,  as  it 
can  be  placed  on  the  platform  before  dirt 
is  thrown  on  the  sides  of  the  trench  and 
then  used  as  needed.  If  the  banks  w-ill 
stand  up  until  the  shovel  can  be 'moved 
ahead  it  is  always  better  to  do  the  shoring 
afterwards,  especially  if  the  trench  is  to  be 
taken  deeper. 


One  objection  that  is  sometimes  found  to 
digging  trenches  with  steam  shovels  is  that 
tlie  excavation  is  left  in  a  very  ragged 
condition.  This  is  so,  but  the  writer  be- 
lieves that  more  of  the  fault  has  been 
with  the  operators  than  with  the  machines, 
while  sometimes  the  blame  lies  with  the 
contractor  who  pushes  his  men  to  obtain 
a  large  yardage  rather  than  have  the  work 
well  done.  There  are  two  ways  to  over- 
come this  objection.  First,  the  trench  can 
be  dug  a  little  wider  than  necessary  and 
the  shoring  can  be  placed  in  the  proper  po- 
sition and  material  filled  in  behind  it. 
Some  contractors  claim  that  the  faster 
work  of  the  shovel  compensates  for  the 
cost  of  the  extra  work.  The  second 
method  is  to  clean  up  the  trench  with  the 
shovel  and  the  aid  of  the  pit  men,  which 
really  only  means  a  few  minutes  of  time, 
and  a  very  low  cost  per  cu.  yd.  of  exca- 
vation if  the  trench  is  a  wide  one.  In 
narrow  trenches,  the  cost  per  cu.  yd.  of 
trimming  up  the  trench  is  naturally  much 
higher  than  in  wide  trenches. 

For  these  and  other  reasons  it  has  not 
been    considered   advisable   to     use     steam 


live  cranes  are  now  adapting  their  ma- 
chines to  be  used  as  a  steam  shovel,  by 
placing  a  dipper  and  dipper  arm  on  the 
boom  of  the  crane.  Some  very  good  work 
in  excavation  has  already  been  done  by 
these  machines,  and  with  a  long  dipper 
arm  trench  excavation  can  be  done  with 
them.  One  advantage  they  possess  is,  that 
as  the  boom  can  be  readily  lowered  and 
raised,  a  deeper  trench  can  be  dug  with 
such  a  machine  than  with  a  steam  shovel, 
with  the  same  length  of  dipper  arm,  but 
the  rate  of  excavating,  caused  by  raising 
and  lowering  the  boom,  would  be  slightly 
slower. 

The  writer  has  never  seen  a  locomotive 
crane  rigged  as  a  steam  shovel,  with 
crowding  engines  on  the  boom,  with  the 
result  that  in  hard  digging  it  would  be 
difficult  to  hold  the  dipper  to  its  work. 
Likewise  the  boom  not  being  held  rigid  as 
it  is  on  a  shovel,  there  would  also  be  some 
give  to  it,  in  hard  excavation.  Neverthe- 
less, if  trenches  of  a  depth  greater  than 
20  or  22  ft.  can  be  excavated  by  a  crane 
a  very  decided  advantage  is  gained,  as  the 
only  way  of  excavating  such  a  trench,  be- 


I 


Fig.  1 — Sketch  Showing  Usual   Method  of  Mounting  a  Steam  Shovel  for  Trench  Work. 


In  the  same  illustration  is  also  shown  a 
drum  in  the  car  and  the  side  lines,  run- 
ning to  the  dead  man  ahead,  for  moving 
the  shovel.  The  shovels  shown  in  these 
three  illustrations  are  all  Vulcan  steam 
shovels,  made  by  the  Vulcan  Steam  Shovel 
Co.,  of  Toledo,  Ohio,  who  besides  making 
shovels  for  various  purposes,  make  a  spe- 
cialty of  shovels  for  trench  work  and  they 
now  manufacture  a  shovel  of  the  revolv- 
ing type  that  is  used  for  trench  excavation. 

Although  as  previously  shown  it  is 
cheaper  to  place  shoring  in  a  trench  after 
the  shovel  has  been  moved  ahead,  rather 
than  do  this  work  under  the  shovel,  yet 
one  should  never  take  chances  on  banks 
caving  in  under  the  shovel.  In  very 
treacherous  ground  the  shoring  should  al- 
ways be  kept  right  up  to  the  point  of  dig- 
ging, but  it  is  also  possible  to  brace  the 
sides  temporarily,  where  the  danger  is  not 
very  great.  This  temporary  bracing  and 
permanent  shoring  can  be  done  cheaper 
than  to  do  all  the  work  under  the  machine 
and  just  ahead  of  it,  as  the  movement  of 
the  dipper  interferes  with  the  work  of  the 
men. 


shovels  in  narrow  trenches.  Even  with  a 
small  dipper  the  trench  should  be  at  least 
4  ft.  wide,  and  the  writer's  experience  is 
that  in  a  trench  of  6  ft.  width  the  shovel 
is  seldom  economical.  But  in  8,  10  and  12 
ft.  and  in  wider  trenches  the  steam  shovel 
does  excellent  w-ork.  A  steam  shovel  op- 
erating on  the  ground  in  ordinary  excava- 
tion can  do  more  work  than  in  a  trench 
as  the  dipper  can  be  lowered  to  the  work 
as  the  boom  or  shovel  is  swung  around, 
while  at  work  in  a  trench  the  dipper  can 
only  be  lowered  part  of  the  distance,  the 
operation  being  to  swing  into  position  first 
and  then  lower  the  dipper  to  the  work. 
This  takes  much  less  time  in  a  wide  trench 
than  in  a  narrow  one ;  another  factor  en- 
tering into  the  speed  and  cost  of  the  work 
being  the  depth  of  the  trench.  A  narrow, 
deep  trench,  say  from  4  to  0  ft.  wide  and 
16  to  18  ft.  in  depth,  will  be  rather  slow 
digging  for  a  shovel  as  compared  to  a  wide 
trench  even  of  the  same  depth.  Naturally, 
too,  on  the  narrow  trench  more  time  is 
lost  in  moving  the  shovel,  as  many  more 
moves  must  be  made. 

Some   of   the   manufacturers   of   locomo- 


sides  doing  it  by  hand,  known  to  the 
writer,  is  by  means  of  orange  peel  buckets 
or  power  scrapers  and  these  cannot  be 
used  under  all  conditions. 

The  Stephens  Excavating  Machine  is 
reallv  a  device  that  can  be  attached  to  a 
locomotive  crane  and  used  in  excavating 
trenches.  It  is  the  invention  of  Mr.  J.  W. 
T.  Stephens  of  New  Orleans  and  has  been 
used  for  work  at  Algiers,  La.,  and  other 
places  in  that  locality  with  success. 

The  machine  consists  of  a  combined 
shovel  cutter  and  an  endless  bucket  ele- 
vator. The  buckets,  passing  through  the 
shovel  boot,  carry  the  excavated  material 
to  the  head  of  the  elevator  boom,  and 
discharge  it  onto  a  transverse  conveyor 
belt,  which  can  deliver  into  wagons,  carts 
or  cars,  for  removal,  or  in  heaps,  alongside 
of  trench.  If  desired,  a  belt  conveyor  can 
be  attached  to  carry  the  material  back  for 
refilling,  in  one  operation,  the  belt  being 
supported  upon  a  light  frame  upon  wheels, 
thus   following  the   digger. 

The  machine  travels  ahead  of  the  exca- 
vation and  the  shovel  bucket  or  cut  is 
pulled    towards    the    machine,    cutting    the 
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rarih  as  it  trasrl*  anti  .i^i. >»».....•   ...>.    ii  .- 
h...|   I'roni  wliuli  It  i> 
\cy..r    liy    the    ilc\al"r 

an  atlachmcnt  that  ctil>  lllroll^il  r(><>i>  aii<l 
stiiiiiiiiMi.  Trenches  o(  various  wiillh»  anil 
dc|>(li!>  can  be  (lug  with  this  machine,  anil 
shurini;  can  be  placed  riKht  U|i  t<>  the 
deepest  part  of  the  trench.  Water  in  the 
trench  does  not  interjerc  with  the  excava- 
tion. 

The  Libbc  Digcing  .Machine  is  built  by 
the  IJbbe  KnKuiecrinK  and  Construction 
Co,  of  Colinnlius.  1  iIum  It  is  meant  (or 
trench  excavatii>n  and  in  some  wa.vs  is 
rather  a  distinct  type  oi  a  trencher.  The 
machine  travels  on  a  track  directly  over 
the  trench.  There  is  a  metal  frame  sus- 
pended in  the  trench  umler  the  machine. 
an<l  this  frame  runniiiR  up  in  front  of  the 
machine  goes  over  the  top.  This  frame- 
work serves  as  a  track  for  a  bucket,  that 
excavates  the  earth  and  carries  it  up  over 
the  machine,  dumping  it  in  the  rear.  The 
bucket  has  diKK>"K  teeth  on  the  lower  side 
and  a  spout  on  tlic  upper  side,  which  acts 
as  a  chute  when  the  bucket  is  tipped  to  lie 
dumped.  The  whole  operation  is  a  very 
simple  one,  and  the  bucket  is  loaded,  ele- 
vated and  dumpe<l   with  a  single  line. 

The  machine  propels  itself,  and  suspend- 
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Fig.  2 — View  Showing   Method  of  Shoring  Under  a  Steam  Shovel. 


ed  froin  it  arc  two  sets  of  sheeting  put  to- 
i'' "tier    in    a    substantial   manner,   that   are 

I-  I  with  the  aid  of  trench  braces  as 
■!      Mig    to   make    the    sides   of   the   trench 

■  •  I  up.  The  trench  is  back  Tilled  by  the 
III  1  nine  for  short  pipe  work,  but  if  it  is 
desired  to  leave  the  trench  open  the  exca- 
vated material  can  be  placed  on  either  side 
of  the  trench.  By  changing  the  frame  un- 
der the  machine  various  depths  can  be  ex- 
cavated up  to  ;\<>  ft.  A  ditTerent  size 
bucket  must  be  used  for  different  widths. 
There  are  todav  on  tli' '  •  a  num- 
ber of  trench  iligging  These 
can  be  divided  into  tw. ■  the  tirst 
lieing  the  endless  chain  rii  lnnkrts.  while 
the  second  has  an  e\ca\aliiig  wheel.  It  is 
our  desire  to  give  a  short  description  of 
each  and  then  comment  on  the  general  use 
of  such  machines  Snme  of  these  ma- 
chines are  adapted  to  digging  Ixith  trenches 
and  ditches,  but  for  the  present  we  will 
only  consider  trench   work. 


with  very  muddy  material  the  buckets  and 
conveyors  are  kept  clean. 

Just   li;<ck   of   the   wheel  over   which   fhr 
excavating    buckets   run   is   a   shv 
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rale  ol    .  .  ;  .       "'   It 

|ier  hour;  4  II.  deep  I'Jw  II.  and  'i  it.  deep 
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carry  the  weight  of  the  excavator  run  on 
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the   surface   of   the  ground.     The  machine 
propels  itself  as  it  is  excavating. 

The  buckets  on  the  ladder  are  not  solid, 
nor  are  they  known  as  the  skeleton  type. 
Not  being  solid,  they  readily  clean  them- 
selves, but  a  cleaning  device  is  also  pro- 
vided for  the  machine.  Builders  of  fair 
size  can  be  handled  by  the  buckets,  with- 
out breaking  the  latter.  The  cutting  ac- 
tion of  the  buckets  and  subsequent  han- 
dling of  the  material  breaks  up  even  plas- 
tic clay,  so  that  it  is  almost  pulverized,  thus 
making  it  easily  handled  a  second  time 
for  back  filling.  The  material  will  han- 
dle soft  materials  and  also  hardpan  and 
shale.  Naturally,  it  does  its  best  work  in 
excavation  that  can  be  classed  as  average 
earth.  If  dry  sand  is  to  be  excavated 
from  a  trench  either  by  any  type  of  ex- 
cavating  trench    machines    or   by   hand,    it 


manner.  The  operator's  position  on  the 
machine  is  such  that  he  can  see  the  work 
to  be  done  and  also  that  being  done. 

The  excavator  travels  ahead  of  the 
trench  so  that  its  weight  does  not  effect 
the  banks  of  the  excavated  trench.  Shor- 
ing, if  necessary  in  the  trench,  can  be 
placed  right  up  to  the  machine  in  the 
deepest  part  of  the  trench. 

The  machine  is  made  in  five  different 
sizes,  giving  different  depths  and  widths. 
To  change  from  one  width  to  another,  the 
buckets  must  be  changed  on  the  ladder.  A 
No.  1  machine  excavates  trenches  14,  10 
and  2-1  ins.  up  to  a  depth  of  8  ft.  No.  1% 
makes  a  ditch  from  19  to  36  ins.  and  10  ft. 
deep.  No.  1%  will  excavate  to  a  depth 
of  13%  ft.  and  from  27  to  36  ins.  wide.  A 
No.  2  excavates  to  a  depth  of  15  ft.  and 
from  27  to  48  ins.  wide.     No.  3,  the  largest 


Fig.  3 — Trench  Excavating  Machine  Built  by  Municipal  Engineering  &  Cortracting  Co. 


can  always  be  done  quicker  and  more  eco- 
nomical by  wetting  the  sand.  Upon  sev- 
eral occasions,  the  writer  has  used  this 
method. 

When  pipes  and  other  obstructions  are 
encountered  in  the  excavation  running 
across  the  trench,  the  machine  can  be 
used  to  cut  right  up  to  the  pipe,  and  over 
it,  and  after  being  raised  to  pass  over  the 
pipe  can  be  put  down  on  the  other  side, 
leaving  only  a  small  triangular  piece  under 
the  pipe,  to  be  excavated  by  hand.  When- 
ever possible,  such  pipes  should  be  lo- 
cated beforehand  and  marked,  so  the 
operator  can  readily  see  where  to  expect  a 
pipe,  but  even  if  this  is  not  done,  a  careful 
and  experienced  operator  will  be  able  to 
tell  the  instant  he  encounters  a  pipe,  and 
he  will  he  able  to  pass  over  it  without  in- 
jury to  the  pipe  or  the  machine.  Large 
builders   can   be    manipulated   in   the   same 


machine  made,  can  excavate  a  trench  from 
27  to  CO  ins.  wide  and  go  to  a  total  depth 
of  20  ft.  On  the  two  largest  machines,  3 
men  are  used,  an  engineer,  an  operator 
and  a  fireman.  On  the  other  three  sizes 
only  an  operator  and  a  fireman  are  needed. 
A  few  years  ago  several  trench  digging 
machines  of  the  ladder  type  were  built  by 
the  Helm  Trench  Machine  Co.,  of  St. 
Louis,  Mo.  On  these  trenches  there  is  a 
vertical  ladder  and  by  means  of  sprocket 
wheels  and  endless  chains  upon  which 
saw  tooth  buckets  are  mounted,  the 
buckets  excavate  the  earth,  and  after 
elevating  it,  discharges  it  into  a  screw 
conveyor,  which,  by  means  of  a  chute, 
throws  the  excavated  material  on  the 
side  of  the  trench.  The  ladder  to 
excavate  a  10-ft.  trench  is  28  ft.  long,  so 
that  18  ft.  always  remains  out  of  the 
trench.     To  excavate  a  deeper  trench,  the 


ladder  must  be  spliced.  It  is  to  be  seen 
that  the  limiting  factor  is  that  when  the 
ladder  is  out  of  the  trench,  this  can  make 
the  machine  top  heavy,  although  it  was 
believed  that  a  ladder  to  excavate  a  trench 
30  ft.  deep  could  be  handled.  To  change 
the  width  of  the  trench,  the  buckets  on  the 
endless  chains  must  be  changed.  The 
buckets  are  centered  on  the  chains  so  the 
digging  edge  is  near  the  chain.  With  a 
vertical  ladder  the  shoring,  when  neces- 
sary, can  be  kept  close  up  to  the  excava- 
tion. 

The  Clark  Traction  Trencher  sold  by 
Willis  Shaw  of  Chicago,  111.,  is  also  of 
the  ladder  type.  It  is  built  in  three  sizes, 
and  will  excavate  trenches  up  to  60  ins. 
in  width  and  20  ft.  in  depth.  This  ma- 
chine is  of  the  ladder  type,  and  the  gen- 
eral method  of  operation  is  somewhat 
similar.  It  is  a  traction  machine,  but  in 
digging  trenches  it  is  pulled  ahead  by  a 
cable.  A  dead  man  is  placed  in  the  ground 
ahead  of  the  machine  and  on  the  port  of 
the  excavator  is  a  drum  upon  which  this 
cable  is  wound  as  the  machine  moves 
ahead.  These  machines  are  not  built  as 
massive  and  powerful  as  the  excavator 
previously  described,  and  the  engines,  in- 
stead of  being  placed  between  the  boiler 
and  the  excavating  machinery,  are  behind 
the  boiler,  thus  making  necessary  fairly 
long  transmission  chains,  which  is  always 
a  disadvantage  where  heavy  work  is  to  be 
done.  It  would  seem  feasible  to  change 
the  position  of  the  engines  on  the  ma- 
chine. 

The  ladder  is  hung  from  the  frame  of 
the  machine  and  is  raised  and  lowered 
over  obstructions  in  excavating.  The 
buckets  ha\  e  teeth  on  them  for  digging. 
The  dirt  is  dumped  on  a  belt  conveyor, 
which  places  it  on  the  side  of  the  trench. 
In  changing  the  width  and  depth  of  cut, 
it  is  only  necessary  to  shorten  or  length- 
en the  chain  and  move  the  cutters  in  or 
out.  E.xcavated  material  can  be  placed 
on  either  side  of  the  trench.  Two  men, 
an  engineer  and  a  fireman  are  needed  to 
work  the  machine. 

We  will  continue  descriptions  of  trench- 
ing machines,  ditchers  and  our  comments 
on  trenches  and  ditches  in  other  articles. 

(To   be   continued.) 


The  accident  to  the  canal  lock  on  the  Ca- 
nadian side  of  the  St.  Mary's  Falls  on 
June  9,  closed  the  Canadian  Canal  and 
Locks  between  Lake  Superior  and  the  St. 
Mary's  River  for  12  days.  Shortly  after 
noon  on  June  9,  the  "Perry  G. 
Walker,"  a  freight  steamer,  bound  to- 
ward Lake  Superior,  crashed  into  the  low- 
er gates  of  the  lock  at  a  time  when  the 
upper  gates  were  open  to  allow  the  ma- 
noeuvering  of  the  down-bound  passenger 
steamer  "Assiniboia"  and  the  freighter 
"Crescent  City."  The  "Walker"  carried 
away  the  lower  gates  and  the  two  vessels 
in  the  lock  were  swept  down  through  it  by 
the  flood,  receiving  considerable  damage. 
.\fter  the  lower  gates  were  rammed,  letting 
loose  the  water  they  held  back,  the  upper 
gates  swung  out  into  the  current  and  were 
carried  away  before  they  could  be  secured 
to  the  wall.  The  two  sets  of  guard  gates 
and  intermediate  gates  in  place  were  not 
damaged.  The  current  in  the  lock  after 
the  accident  was  estimated  at  15  ft.  per 
second..  The  movable  dam  provided  for 
such  contingencies  closed  across  the  canal 
soon  after  the  accident.  The  canal  across 
which  it  is  to  extend  is  150  ft.  wide  and  25 
ft.  deep,  and  the  vi-ater  flows  through  it 
under  a  head  of  about  19  ft.  The  lock  it- 
self is  900  ft.  long  and  60  ft.  wide. 
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Methods  of    Excavating    Foundations 
and  of  Handling  Materials  by  Cable- 
way  in  Constructini;  a   Rein- 
forced Concrete  Arch 
Bridge. 

An  unusually  large  reinforced  cuncrcle 
arch  liridKC  i»  liciiig  Imill  to  carry  Ilie  new 
.-  :  nic  cut-off  of  the  Delaware,  l^cka- 
;i.i;..ia  &  Western  R.   K    across  the   Dcla- 
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ware  River.  This  bridge  is  1,110  ft.  long 
and  consists  of  9  spans,  7  elleptical  arches 
crossing  the  river  and  2  circular  arches 
crossing  railway  tracks  and  a  highway  at 
the  west  end.  Of  the  river  arches  ."1  will 
have  spans  of  150  ft.  and  2  spans  of  120 
ft.;  all  river  arches  will  have  a  rise  of  -10 
ft.  The  2  shore  arches  have  spans  of  3.'! 
ft.  each.  The  bridge  crosses  the  river  at 
an  angle  of  2-5°  with  the  current.  It  is 
being  constructed  principally  by  means  of 
a  double-span  cablcway. 

Excai'ation  for  Foundations.  —  The  7 
river  spans  required  I'l  piers  and  2  abut- 
ments and  only  2  of  the  piers  were  in  wa- 
ter during  low  water  stages.  To  get  a 
start  on  the  work  while  the  cableway  was 

being   put   int"   P'isiti'Mi,   work    v        ' ' 

on  the  four  pi<rs  out  of  water  ■ 
ricks.     Test   horuigs   nn''    1-    ' 
companv   showed   a   l< 
underlying  the  soil  at       . 
the  river  bottom.     All  piers  and  aliuliti'  : 
were   founded  on  this  slate.     The  ex>  i.  l 
lion   ranged   from  JS  to  42  ft.     m     .bith 
Work    was    Ikkuii    with    pick    and    sb  .\'l. 
using    at    each    pu    a    slifT-lcg    derrick    ti. 
hoist  the  spoil  anil  to  dump  it  into  narmw 
gage  cars  running  on  a  track  al"'"'-'''   ''  ■■ 
piers.      .\s    soon      as    hard    mat 
reached   pick   and   shovel   work    v 
doned   and  the  derrick   was  equipped   with 
a  Hayward  orange  peel  bucket  and  the  pit 
was  continued  down  until  the  sides  t>egan 
to  cave,  a  depth  of  8  to  0  ft .  when  tim- 
bering  was  begun.  . 

The  stvic  of  timl>enng  employed  is 
shown  by  Fig.  1.  After  the  pit  had  been 
carried  down  unbraced  as  far  as  possible. 


frame  was  placed.  .-Vnother  adilitional 
depth  of  4  ft.  took  the  full  length  of  the 
sheeting  and  another  set  had  to  lie  Ingun. 
.\n  offset  of  21  ins.  was  made,  a  waling 
frame  of  O'T-     •     ■  ' ■■■_■'■      ■     ■'   -     .- 


'  >  iiuikc 

'    14   f I. 

■  ew 

'>n 

•.he 

ih. 

ly, 

h'i» 

ip 

:  c  mam 

ter,  are 

special 

•it 


••re 
he 
to 
ed 
:he 
•Mc 

■n- 


Flg.  2— Double  Span  Duplex  Flory  Cableway  for  Handling   Malerlalt. 
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drum  and  reversible  link  motion  cableway 
engines:  drums  64  ins.  in  diameter,  48  ins. 
long  between  the  flanges.  The  load  oper- 
ated from  each  engine  is  5  tons,  making 
from  15  to  20  trips  per  hour.  To  operate 
the  cableway,  four  engineers,  two  firemen 
and   one   rigger   are   required. 

With  these  cableways  the  foundation 
work  is  being  done ;  the  concrete  is  con- 
veyed from  the  Pennsylvania  and  New 
Jersey  shores  to  the  different  piers  in  the 
river,  all  structural  materials  are  handled 
and  also  all  machinery  such  as  pumps,  etc. 

It  is  stated  that  the  entire  work  to  be 
done  under  the  cablewav  will  amount  to 
about  $1,000,000.  The  cableway  cost  from 
$■20,0011  to  $2o,000,  thus  charging  the  entire 
cost  of  the  cableway  against  the  job,  it 
makes  only  a  charge  of  2  to  2%  per  cent 
for  plant,  which  is  very  reasonable  for 
sucli  a  large  span  and  for  this  amount  of 
work. 

.\s  stated  above,  most  of  the  concrete 
was  delivered  to  the  pier  on  the  cableway 
and  dumped  direct  from  the  cableway 
buckets.  The  remainder  was  placed  by  the 
derrick.  It  was  mi.xed  in  a  large  Smith 
mi-xer,  situated  about  300  ft.  from  the  pier, 
and  was  turned  out  at  the  average  rate  of 
about  180  cu.  yds.  a  day.  The  labor  cost 
of  mi.xing  and  placing  was  a  little  above  3.5 
cts.  per  cu.  yd. 

The  contractors  for  this  work  are  the 
Smith-McCormick  Co.  of  New  York.  The 
cableway  was  designed  and  furnished  by 
the  S.  Flory  Manufacturing  Co.  of  Bangor, 
Pa. 


The  annual  statistical  report  of  the 
United  States  Geological  Survev  on  coal 
nnnmg  in  1908  shows  that  the 'total  pro- 
duction of  coal  in  Idaho  in  1908  was  5.429 
short  tons,  having  a  spot  value  of  $21,832 
There  are  several  somewhat  restricted  and 
widely  separated  areas  in  Idaho  in  which 
beds  of  subbituminous  coal  and  lignite  oc- 
cur, and  the  coal-mining  industrv  has  been 
confined  to  comparatively  small  "operations 
for  local  consumption.  The  output  in  1908 
was  1.079  short  tons,  or  16.58  per  cent  less 
than  in  1907.  and  the  value  decreased  $1,- 
602,  or  17.6  per  cent.  Most  of  the  mining 
in  1908.  as  in  the  three  preceding  vears, 
was  done  in  the  Salmon  district  in  Lemhi 
county,  although  small  operations  were 
carried  on  in  Bingham  and  Fremont  coun- 
ties. 


According  to  these  returns  the  total 
quantity  of  Portland  cement  made  in  Can- 
ada in  1908  was  3,495,961  bbls.  of  350  lbs. 
net,  as  compared  with  2,491,513  bbls.  in 
1907,  or  an  increase  of  1.004,448  bbls.  or  40.3 
per  cent.  The  total  quantitv  of  Canadian 
Portland  cement  sold  in  1908  was  2,665,289 
bbls.,  as  compared  with  2,436,0.93  bbls.  in 
1907,  or  an  increase  of  229,196  bbls.,  or  9.4 
per  cent.  The  total  consumption  of  Port- 
land cement  in  1908,  including  Canadian 
and  imported  ceinents,  was  3,134,338  bbls. 
(of  350  lbs.  net),  as  compared  w-ith  3,108,- 
723  bbls.  in  1907,  or  an  increase  of  25.615 
bbls.,  or  0.8  per  cent. 


A  formal  beginning  of  construction 
work  of  the  canal  across  Cape  Cod  was 
made  June  22,  when  August  Belmont  of 
New  York  turned  up^a  spadeful  of  earth 
at  Bournedale,  Mass.,  half  way  across  the 
cape.  The  first  work  is  to  be  on  two  niile? 
of  breakwater  wliich  is  to  be  built  at  Sand- 
wich, and  within  a  short  time  dredges  will 
be  put  to  work.  The  canal  will  shorten  the 
distance  between  New  York  and  Boston 
100  miles,  and  avoid  the  difficult  waters 
and  shoals  off  the  cape. 


Note :  This  Section  is  devoted  to  methods  and  costs  of  road  and  street  con- 
struction. It  will  cover  road  building  in  all  its  detaUs,  the  construction  of 
pavements,  sidewalks  and  gutters,  the  testing  and  use  of  paving  naterlaJs  and 
the  machinery  and  tools  used  in  road  building  and  paving. 


Cost   of    Macadam    Street    Work    at 
Easton,  Pa. 

During  1908  a  total  of  7,245  lin.  ft.,  cov- 
ering an  area  of  13.898  sq.  yds.  of  new 
macadam  streets  were  constructed  at  Eas- 
ton, Pa.  The  total  cost  of  the  work  was 
$6,066.85,  or  43.7  cts.  per  square  yard.  Dur- 
ing the  same  period  6,662  lin.  ft.  of  streets 
covering  an  area  of  21,234  sq.  yds.,  were 
repaired  and  reinforced  at  a  total  cost  of 
$6,375.88,  or  30  cts.  per  square  yard.  All 
of  the  macadamizing  was  done  by  the 
city  force,  and  in  his  annual  report,  John 
McNeal,  City  Engineer,  gives  detailed 
costs  of  the  work.  The  matter  in  this  ar- 
ticle has  been  taken  from  Mr.  McNeal's 
report  and  from  additional  information 
which  he  has  furnished  us. 

Practically  all  of  the  new  streets  were 
macadamized  with  limestone  to  a  depth  of 
6  ins.  compacted.  The  cost  of  rolling  with 
steam  road  roller  was  $4.93  per  10-hour 
day,  a  total  cost  of  $1,020.64,  or  an  aver- 
age cost  of  2.5  cts.  per  square  yard  of 
surface  rolled.  This  cost  included  labor, 
coal,  oil,  repairs,  etc.  The  road  roller 
used  44.47  tons  of  coal,  costing  $206.86. 

The  rate  of  wages  and  prices  of  mate- 
rials  were   as   follows : 

Foreman,  25  cts.  per  hour. 

Laborer.  20  cts.  per  hour. 

Road  roller  engine.  30  cts.  per  hour. 

Two-horse  team  and  driver,  50  cts.  per  hour. 

Team  and  driver  for  sprinkler,  50  cts.  per 
hour. 

Coal  for  road  roller,  $4  to  $6  per  ton. 

Water  for  sprinkler,  i  cts.  per  300  gallons. 

Crushed  limestone.  $1.05  per  short  ton  de- 
livered on  street. 

In  all  cases  the  crushed  stone  was 
spread  by  hand,  and  screenings  were  used 
as  binder. 

The  accompanying  table  shows  the  de- 
tailed cost  per  square  yard  for  macadam- 
izing a  number  of  streets  with  limestone 
to  a  depth   of  6  ins.  compacted  measure. 

It  will  be  noticed  that  the  cost  of  spread- 
ing the  stone  in  the  ten  jobs  varied  from 
1.8  cts.  per  square  yard  to  3.3  cts.,  the 
average  being  about  2.5  cts.  The  average 
cost  of  sprinkling  in  the  ten  jobs  was 
1.34  cts.  per  square  yard,  while  the  aver- 
age cost  of  rolling  was  2.5  cts.  per  square 
yard. 

(1)  McCortney  St.  macadamized  for  a 
length  of  333  ft.  and  a  width  of  30  ft. 
(1,000  sq.  vds.),  (2)  Lehichton  St.  for  a 
length  of  2,400  ft.  and  a  width  of  12  ft. 
(4,533  sq.  yds.).  (3)  Wood  St.  for  a 
length  of  450  ft.  and  a  width  of  30  ft. 
(1,500  sq.  yds.).  Wood  St.  (second  sec- 
tion) for  a  length  of  300  ft.  and  a  width 
of  30  ft.  (1,000  sq.  yds.).  (5)  Mulberry 
St.,  for  a  length  of  237  ft.  and  a  width  of 


10  ft.  (263  sq.  yds.).  (6)  Davis  St..  for  a 
length  of  730  ft.  and  a  width  of  IVz  ft. 
(609  sq.  yds.).  (7)  St.  Joseph  St.,  for  a 
length  of  300  ft.  and  a  width  of  24  ft. 
(800  sq.  yds.).  (8)  Old  Philadelphia  Road, 
for  a  length  of  730  ft.  and  a  width  of  24 
ft.  (1,947  sq.  yds.).  (9)  Nesquehoning  St., 
for  a  length  of  500  ft.  and  a  width  of  24 
ft.  (1.333  sq,  yds.).  (10)  Lincoln  St..  for 
a  length  of  867  ft.  and  a  width  of  24  ft. 
(2,312  sq.   yds.). 

The  ten  jobs  noted  in  the  table  comprise 
about  15.400  sq.  yds.  of  6-in.  macadam.  In 
constructing  this  amount  of  macadam,  3,- 
974  tons  of  crushed  limestone  were  used. 
.•\s  the  average  crushed  limestone  weighs 
2,400  lbs.  per  cubic  yard,  it  will  be  seen 
that  about  3,312  cu.  yds.  of  crushed  stone 
and  screenings  were  used  in  the  work.  The 
cost  of  the  macadam  work  proper,  omit- 
ting the  items  for  grading,  drains,  etc., 
for  the  ten  jobs  was  as  follows: 

Per  cu.  yd. 

Total.        Loose. 

Limestone    (3.312    cu.    yds.)  .$4,173.33         $1,260 

Spreading    with    shovels 375.50  .113 

Sprinkling     221.36  .067 

Rolling     387.08  .117 

Total     $1,557 

As  it  takes  about  1.6  cu.  yds.  of  loose 
stone  and  screenings  to  compact  to  1  cu. 
yd.,  the  cost  of  the  macadam  per  cubic 
yard  rolled  in  place  would  be  as  follows : 

Per  cu.  yd. 
Comported. 
Crushed  stone,   1.6  cu.    yds.   at  $1.26  de- 
livered      $2.01 

Spreading.   1.6  cu.  yds.  at  $.113 IS 

Sprinkling.  1.6  cu.  yds.  at  $.067 11 

Rolling,   1.6  cu.   yds.   at  $.117 19 

Total  per  cu.   yd.   in  place $2.49 

It  should  be  noted  that  the  cost  per 
cubic  yard  for  sprinkling  and  rolling  are 
rather  low.  The  low  cost  for  rolling  is  ex- 
plained in  part  by  the  fact  that,  as  pre- 
viously stated,  the  cost  of  operating  the 
steam  road  roller  was  only  $4.93  per  10- 
hour   day. 


Method     of     Constructing     Asphalt, 

Macadam  in  Lincoln  Park, 

Chicago. 

During  the  early  summer  of  1908  ex- 
periments in  laying  asphalt  and  macadam 
were  carried  on  in  Lincoln  Park,  Chicago. 
These  experiments  covered  about  80,000 
sq.  yds.  of  road  surface.  Of  this  11,000 
sq.  yds.  was  laid  as  a  grouted  pavement, 
the  fluid  being  poured  hot  into  the  stone, 
which  was  subsequently  covered  with  hot 
sharp  sand  and  rolled  so  as  to  form  a  well 
compressed  mass  of  mineral  aggregate  and 
bitumen.  The  road  was  first  scarified 
thoroughly  so  as  to  bring  the  larger  stone 


DETAILED  COST  PER  SQUARE  YARD  FOR   MACADAMIZING    WITH   LIMESTONE   TO   A 
DEPTH  OF  6.  IN.  AFTER  ROLLING. 

(1)      (2)      (3)      (4)      (5)     (6)      (7)     (8)      (9)    (10) 
cts.    cts.    cts.    cts.    cts.    cts.    cts.    cts.    cts.    cts. 


7.1 


1.7 


9.6      4.0 


3.6 


Grading  

Picking,   leveling  and  grading 2.5    

Limestone   ."......"....'.. V 

Spreading  stone    33.9  32.0  25.4    2S.8    26.7    30.0    27.1    21.4    23.6    21.7 

Sprinkling 2.8  2.8  2.3      3.3     3.1     2.S      l.S      l.S      2.3      1.8 

Rolling  1.6  2.0  O.S      1.6      1.1      2.2      O.S      1.3      1.2      1.0 

Hauling   and    breaking   spalls 2.4  2.8  2.1      2.6      1.8      4.0      2.4      1.9      2.5      2.5 

Drainpipe 7.3      5.0    7.3      4.8      4.0      5.9 

....  1.0    ....      3.9    1.3 


Total  per  sq.  yd 47.8    43.1    39.8    45.2   32.7    48.6    43.2    31.2    33.6    37.8 
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sharp  sand  was  used  t'>r  the  dressing  and 
was  spread  on  the  asphalt  as  fast  as  the 
former  was  poured.  Steam  rollers  fol- 
loweil  closely  behind  and  rolled  the  sand 
into  the  asphalt  before  the  binding  mate- 
rial became  cold.  Only  sutticient  sand 
was  applied  to  keep  the  material  from 
sticking  to  the  wheels  of  the  roller.  This 
pavement  has  been  down  one  year  and  has 
i)een  subjected  to  extremely  hard  traffic 
iluring  the  winter  ami  spring  as  well  as 
through  the  summer  month-.  The  surface 
presents  a  rubber  like  ap|)earance,  giving 
off  no  noise  and  allowing  horses  to  get  a 
fixithold.  Automobiles  are  prevented  from 
slipping  even  while  the  pavement  is  wet. 
The  pavement  was  laid  at  a  cost  of  "(J  cts. 
per  S(iuare  yard.  The  exiH;rimenls  were 
conducted  under  the  direction  of  M.  H. 
West.  Superintendent  of  the  Lincoln  Park 
System.   Chicago,   111. 


Methods  of  Constructing  Roads  Over 
Soft  Ground. 

One  of  the  annoying  problems  in  coun- 
try road  construction  is  the  securing  of  a 
I  road  bed  through  swamps  and  bogs, 
roads  are  dilTicult  to  make  and  are 
uiiiiLult  to  maintain  because  of  water  under 
the  road  beds  and  because  the  foundation 
soil  is  in  most  cases  a  vegetable  mould, 
which  becomes  mushy  and  yielding  when 
wet.  The  following  notes  have  been 
taken  from  various  sources,  from  reports 
of  state  highway  commissioners  and  from 
technical  papers,  etc. 

In  general  some  of  the  methods  em- 
plinrd  in  securing  a  good  foundation  for 
roads  over  soft  ground  are  as   f.dlows: 

lly  draining  the  subsoil  so  as  to  consoli- 
date the  ground  as  much  as  possible. 

Where  the  soft  material  is  not  too  deep 
nor  its  extent  too  great,  a  trench  mav  be 
(li:g  and  Idled  with  soliil  material  to  form 
a   foundation   for  the  embankment. 

By  c<>ns(didating  the  soft  material  by 
driving  short  piles  and  throwing  stone  in  the 
side  ditches  to  prevent  the  muck  from 
oozing  to  the  sides.  By  tilling  in  with 
stone  or  gravel  ami  sand  until  an  embank- 
ment is  formed  resting  on  the  solid  ground, 
and  with  its  top  rising  to  the  required  ele- 
vation. , 

By  distributing  the  weight  over  the  soft 
ground  by  means  of  brush  mattresses,  tim- 
bers,   p<des,    etc. 
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ing  surfaced  with  5  ins.  of  gravel.  In  this 
case  the  surface  of  the  bog  was  drained, 
care  being  taken  to  place  the  drainage 
ditches  so  that  they  would  not  itnpair  the 
sustaining  power  of  the  natural  crust  of 
the   bog. 

In  another  case  a  road  was  constructed 
over  a  soft,  deep,  wet  and  yielding  swamp 
on  a  raft  constructed  of  long  poles.  Long 
poles  laid  longitudinally  with  broken  joints 
formed  the  bottom  course,  and  a  second 
course  was  formed  by  poles  laid  trans- 
versely. The  two  courses  were  then  cov- 
ered with  brush,  and  on  this  was  laid  the 
earth  and  surfacing  materials.  The  grade 
line  was  kept  low  and  the  filling  was  a 
clay  loam.  It  may  be  remarked  here  that 
the  black  vegetable  mould  from  the 
swamp  should  not  be  used  for  the  earth 
covering.  It  is  better  to  use  clay  loam, 
a  gravelly  loam,  or  clay.  Sand  when 
slightly  moist  makes  a  good  foundation 
material.  In  some  of  these  roads  there 
has  been  remarkably  little  settlement.  In 
the  case  of  one  road  there  was  a  settle- 
ment only  of  2  ins.  after  the  roadbed 
had  been  subjected  to  heavy  traffic  for 
over  a  year.  The  embankment  was  built 
over  a  year.  This  embankment  was  built 
firm  peat  bog  at  the  elevation  of  mean 
high  tide,  but  too  soft  to  sustain  a  man 
without  sinking  in  nearly  to  the  knees. 
The  road  w-as  20  ft.  wide  with  a  40  ft. 
carriageway  and  the  grade  line  was  an  in- 
cline varying  from  4  to  20  ft.  above  the 
surface  of  the  marsh.  The  depth  to  the 
hard  bottom  was  8  ft.  below  the  bog  sur- 
face. Dry  peat  was  used  by  George  Step- 
henson to  carry  the  Liverpool  &  Manchest- 
er Ry.  across  Chat  Moss  in  Great  Britain. 
On  the  dry  peat  embankment  was  placed 
two  layers  of  bundles  to  carry  the  ballast. 
One  of  the  first  railroads  constructed  in 
New  York  state  was  carried  across  a 
swamp  by  spreading  the  pressure  over  a 
large  surface  by  means  of  a  wooden  plat- 
form. 

In  the  construction  of  a  short  piece  of 
railroad  over  floating  land  it  was  not  pos- 
sible to  put  in  a  trestle  because  the  ground 
was  not  strong  enough  to  hold  the  piling. 
Accordingly  small  willow  brush  which 
abounded  along  the  right  of  way  was  cut 
down  and  bound  into  mattresses,  which 
were  spread  in  a  uniform  binding  plan 
across  the  right  of  way.  Stringers  to  sup- 
port the  ties  were  then  laid  parallel  to  the 
line  of  the  road.  Dump  cars  were  ne.xt 
pushed  out  on  this  road  and  by  their 
means  sufficient  dirt  was  brought  up  and 
spread  to  allow  of  tlat  cars  being  pushed 
out  on  the  track  with  an  engine.  The  fill 
made  in  this  way  had  a  2  to  1  slope  and 
in  the  main  the  plan  was  successful,  al- 
though in  some  places  the  roadbed  failed 
to  hold. 

In  Cape  May  County,  New  Jersey,  a 
number  of  roads  have  been  constructed 
across  marsh  lands  to  connect  seashore  re- 
sorts with  the  main  land.  These  marsh 
lands  consist  of  large  deposits  of  soft 
mud,  in  many  cases  2.5  ft.  deep,  overlaid 
by  a  sod  or  crust  of  sedge  or  grass  roots. 
In  many  cases  this  crust  is  not  of  suffi- 
cient strength  to  support  the  weight  of  a 
horse.  The  methods  employed  in  con- 
structing these  roads  were  as  follows :  A 
foundation  is  laid  of  poles  and  stringers 
of  sufficient  area  to  support  the  weight  of 
filling  soil  and  pavement,  together  with 
the  added  weight  of  travel,  without  break- 
ing down  the  meadow  crust.  The  sides 
of  the  roadway  are  protected  from  wash  by 
curbing  and  bulkheading  on  both  sides  of 
the  road  throughout  the  entire  length,  and 
also  by  a  continuous  line  of  mud  banks 
solidly  compacted  against  the  outerside  of 
the  curbing.  In  some  of  the  latest  roads 
constructed  by  the  county  a  "tie"  is  placed 


every  8  ft.  under  the  pole  foundations  at 
right  angles  to  the  center  line  of  the  road. 
These  ties  are  securely  spiked  or  bolted 
to  the  piling  supporting  the  side  curbing  or 
bulkheading  and  thus  bind  the  two  lines 
of  curbing  together,  preventing  the  spread- 
ing of  the  roadway  and  at  the  same  time 
carrying  a  part  of  the  weight  of  the  road- 
bed to  the  piling.  After  the  pole  founda- 
tions are  properly  laid,  good  soil  is  filled 
in  between  the  lines  of  curbing  until  the 
required  elevation  is  reached,  after  which 
shells  and  gravel  are  spread  over  the  road- 
way until  the  finished  surface  is  brought 
to  an  elevation  of  about  2  ft.  above  the 
mean  high  water  level.  The  pavement 
that  has  given  good  satisfaction  on  these 
roads  consists  of  oyster  shells  spread  5  ins. 
deep  and  covered  with  4  ins.  of  good 
gravel. 

Somewhat  different  methods  from  those 
given  in  the  preceding  paragraph  were 
used  in  the  construction  of  a  road  in  At- 
lantic County,  New  Jersey.  This  road 
was  constructed  across  salt  meadows,  the 
mud  varying  in  depths  from  6  to  28  ft. 
The  surface  along  the  line  of  the  road 
was  mostly  a  floating  sod,  varying  in 
thickness  from  2  to  4  ft. ;  below  this  was 
a  semi-liquid  mud  resting  upon  hard  pan. 
The  latter,  in  a  few  places,  was  only  4  ft. 
thick,  and  below  this  was  another  stratum 
of  soft  mud.  The  first  layer  of  hard  pan 
was  depended  upon  to  support  the  road- 
way. The  approaches  to  a  bridge  along 
the  line  of  the  road  were  piled,  a  water 
jet  and  hammer  being  used  to  put  down 
the  piles.  In  driving  the  piles  the  first 
resistance  was  met  at  a  depth  of  28  ft. ; 
at  35  ft.  this  resistance  disappeared  and 
the  pile  with  weight  of  hammer  sank  in 
definitely.  Accordingly  the  piles  were  only 
driven  to  a  depth  of  30  ft.  The  pit  at  this 
point,  however,  extended  for  only  a  short 
distance,  and  in  most  cases  a  soUd  bed  of 
gravel,  sand  or  clay  was  usually  struck  at 
a  depth  of  from  10  to  20  ft.  below  high 
tide.  Now  as  to  the  methods  of  construc- 
tion :  .^fter  the  hue  of  road  was  located 
sod  banks  oVz  ft.  high,  12  ft.  wide  at  the 
base,  and  2  ft.  wide  at  the  top  were  built. 
This  sod  was  taken  from  between  the 
banks  and  was  placed  with  the  grass  side 
out.  The  inside  edges  of  the  sod  banks 
were  60  ft.  apart.  The  space  between  the 
sod  banks  was  then  filled  in  with  sand 
dredged  from  an  adjoining  bank  and 
pumped  through  pipes  for  a  distance  of 
one-half  mile  or  more.  As  the  sand  set- 
tled it  pushed  the  mud  sideways  until  it 
reached  an  equilibrium  or  the  sand  rested 
on  the  hard  pan.  When  the  bed  of  sand 
was  G  ft.  above  the  level  of  the  meadow 
its  weight  was  sufficient  to  displace  the  mud 
along  the  line  of  the  road  and  a  good 
foundation  was  secured.  There  were  a 
number  of  silt  ponds  along  the  right  of 
way  of  the  road  and  at  these  points  there 
was  no  sod  for  banks.  Pine  bulk  heads 
were  used  at  these  places.  After  the  sand 
fill  had  thoroughly  settled  the  roadway 
was  given  the  proper  crown  and  surfaced 
with  a  coating  of  gravel. 

Methods  in  a  way  similar  to  those  pre- 
viously described  in  this  article  are  some- 
times used  in  Yukoti  Territory,  Alaska,  in 
constructing  roads  over  frozen  muck  and 
gravel  flats.  The  ground  usually  consists 
of  a  layer  of  frozen  gravel,  next  a  layer 
of  frozen  muck  and  on  this  a  layer  of 
moss.  A  bed  of  3  in.  poles  is  laid  length- 
wise on  the  layer  of  moss,  then  comes  a 
layer  of  brush  placed  crosswise  and  on 
top  is  broken  stone  or  gravel.  The  layer 
of  brush  is  usually  1  ft.  thick  and  the  sur- 
face of  gravel  or  stone  is  6  in.  thick.  The 
top  width  of  the  road  is  16  ft.  in  most 
cases.  Such  a  road  built  over  frozen 
ground    costs    about    $3,200    per    mile    and 


can  be  maintained  at  much  less  cost  than 
a  road  built  along  hill  sides.  In  construct- 
ing roads  of  this  type  it  has  been  found 
best  to  leave  the  moss  intact  under  the 
bed  of  poles,  as  it  protects  the  ground 
from  thawing.  The  black  frozen  muck, 
having  the  consistency  of  solid  stone,  re- 
mains as  a  firm  bed.  The  side  ditches, 
usually  3  ft.  deep,  are  cut  either  entirely 
in  muck  or  partly  in  muck  and  partly  in 
underlying  gravel.  These  conditions  vary 
wdth  the  thickness  of  the  muck.  The  in- 
side faces  of  the  ditch  are  often  banked 
with  sod,  thus  furnishing  an  additional 
protection.  In  the  construction  of  a  side 
hill  road  it  is  necessary  to  cut  into  the 
moss  blanket,  and  as  a  result  the  frozen 
muck  is  thawed  out  by  the  sun  and  seepage 
water  and  becomes  a  soft,  slimy  moss. 
The  cost  of  maintaining  such  roads  has 
been  found  to  be  so  much  greater  than 
for  roads  on  flat  ground,  that  the  latter 
are  now  constructed  even  if  the  distance 
between  the  termini  is  greater. 


The  value  of  the  slate  quarried  and  sold 
in  the  United  States  in  1908,  as  reported 
to  the  U.  S.  Geological  Survey,  amounted 
to  $6,316,817,  an  increase  of  $297,597  over 
the  value  of  the  1907  output— $6,019,220— 
in  spite  of  the  general  business  depression 
which  prevailed  during  the  later  year. 
This  increase  was  in  the  production  of  "slate 
for  roofing,  most  of  the  slate  quarried  in 
this  country  being  used  for  that  purpose. 
In  1908  the  quarries  yielded  1,333,171 
squares  of  roofing  slate,  having  a  total 
value  of  $5,186,167  and  an  average  value 
of  $3.89  per  square.  In  1907  the  roofing- 
slate  output  was  reported  at  1,277,554 
squares,  valued  at  $4,817,769,  or  $3.77  per 
square.  The  increase  in  the  output  of  this 
material  in  1908  was  therefore  55,617 
squares  in  quantity  and  $368,398  in  value. 
The  value  of  the  slate  quarried  for  other 
uses— such  as  blackboards,  school  slates, 
flooring,  sinks  and  laundry  tubs,  sanitary 
ware,  table  tops,  mantels,  and  hearths — 
decreased  from  $1,201,451  in  1907  to  $1,- 
130,650  in  1908— a  loss  in  value  of  $70,801. 
The  states  producing  the  largest  amount  of 
slate  are  Pennsylvania  and  Vermont. 
Pennsylvania,  whose  output  in  1908  was 
valued  at  $3,902,958.  furnishes  more  than 
half  of  the  roofing  slate  and  of  the  milling 
stock  and  is  the  only  state  reporting  a  pro- 
duction of  blackboards  and  school  slates. 
About  one-fifth  of  the  milling  stock  and 
more  than  one-third  of  the  roofing  slate 
were  quarried  in  Vermont,  whose  output 
in  1908  was  valued  at  $1,707,616.  The  other 
states  producing  slate  in  1908  were  Maine, 
whose  output  was  valued  at  $213,707 ;  Vir- 
ginia, with  an  output  valued  at  $194,356 ; 
New  York  and  New  Jersey,  with  an  out- 
put worth  $133,494;  Maryland,  which  con- 
tributed $102,186  to  the  total  value  for  the 
country;  California,  whose  production  was 
valued  at  $60,000 ;  and  Arkansas,  with  an 
output  valued  at  $2,500.  But  little  slate  is 
imported  into  the  LTnited  States,  and  the 
exports,  which  reached  a  considerable 
amount  during  the  strikes  in  the  Welsh 
quarries,  have  decreased  so  that  they  are 
unimportant  as  compared  with  the  total 
output. 


The  last  of  the  steel  towers  which  form 
the  piers  for  the  bridge  at  Lethbridge, 
Alta.,  on  a  part  of  the  Lethbridge-McLeod 
cut-off'  of  the  Canadian  Pacific  Ry.  has 
been  completed.  The  structure  will  be  312 
ft.  high  at  its  highest  point,  one  mile  and 
47  ft.  long,  and  will  rest  on  67  steel  piers 
with  a  natural  rock  foundation.  In  its 
construction  24.000,000  lbs.  of  steel  will  be 
used.  The  entire  work  is  to  be  completed 
in  August.     Its  cost  is  $1,500,000. 
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Engineering  Responsibility.' 

Few  fields  ot  stuJy  arc  nii^rc  fruitful  of 
results  and  lead  to  more  gcnuiiir  (irogress 
than  a  study  of  the  causct  of  failures.  In 
our  studies  of   failed  and  t  ;  rts  in 

connection  with  our   work  1    for 

now  some  years,  we  have  i.^m  Ki"lually 
led  to  ascribe  failure  to  one  or  more  of 
the  four  following  causes,  viz.,  to  bad  ma- 
terial, bad  workmanship,  l>ad  or  faulty  de- 
sign or  to  unfair  treatment. 

First,  bad  material.  This  does  not  cover 
those  cat.es  where  the  wrong  kind  of  ma- 
terial was  used  or  material  not  adapted  to 
the  work.  If  cast  iron  i<i  used  when  steel 
should  have  been  employed,  if  the  steel  is 
brittle  when  the  service  requires  tough, 
tenacious  metal,  this  is  no  fault  of  tlie 
material.  Failures  due  to  the  employment 
of  material  unfitted  to  the  service  come 
under  another  category.  Nor  can  the  ma- 
terial be  blamed  if  the  size  of  the  part 
which  fails  is  too  small.  This  cause  of 
failure  also  comes  under  another  category. 
But  material  is  bad,  and  may  justly  be 
charged  with  being  the  cause  of  failure 
when  it  is  different  from  what  those  who 
put  it  in  service  had  a  reasonable  right  to 
expect  it  to  be.  A  rail  with  a  bad  pipe  in 
the  head,  an  axle  made  from  a  badly  seg- 
regated bloom,  a  piece  of  concrete  in  which 
the  materials  arc  improperly  mixed  or 
contain  not  enough  or  inferior  cement,  are 
all  examples  of  bad  material,  and  if  failure 
comes  the  failure  may  justly  be  charged 
to  the  material. 

Why  docs  not  the  producer  always  fur- 
nish good  material?  Our  experience  on 
this  point  has  brought  us  face  to  face  with 
several  explanations  of  the  difficulty  we 
are  considering.  First  and  perhaps  most 
important  is  the  price.  It  is  constantly 
urged  that  the  consumer  will  not  pay  the 
price  requisite  to  secure  the  materials  de- 
sired. No  information  is  usually  given  as 
to  how  far  the  wished- for  price,  requisite 
to  secure  such  good  materials  as  the  pro- 
ducer would  like  to  furnish,  covers  a  de- 
sire for  large  profits,  and  consequently 
consumers  have  already  been  a  little  slow 
in  attaching  much  weight  to  this  excuse. 
Prices  are  largely  determined  by  compe- 
tition, and  in  the  absence  of  something 
more  than  a  verbal  statement  from  the 
producer  that  better  materials  would  be 
furnished  at  a  higher  price,  he  would  be 
a  bold  purchasing  agent  that  would  p.iy  the 
higher  rate.  On  the  other  hand  it  is  un- 
doubted that  competition  is  the  antagonist 
of  quality,  and  where  materials  are  bought 
without  reasonable  specifications  rigidly  en- 
forced there  is  unquestionably  much 
weight  in  the  contention  of   the  producer. 

.•\notlier  reason  or  excuse  for  poor  ma- 
terials is  that  prfKrisscs  and  methods  of 
manufacture  do  not  always  and  every  time 
yield  the  desired  first  quality  product. 
Strive  as  the  manufacturer  may,  the  works 
always  turn  out  some  materia!  that  is  in- 
ferior. 

Another  and  most  pernicious  excuse  for 
furnishing  bad  materials  is  tlu-  attempt  »o 
common  everywhere  .mi  tlic  i.irl  of  pro- 
ducers to  usurp  the  Icgir: -tions  of 

both    the   consumer   an'l  rt.     This 

manifests  itself  in  the  i...  .   so  com- 

monly made  by  those  furnishing  material. 
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it  is  to  be  confessed  that,    

ployed,  no  legitimate  criticism  of  the  pro- 
ducer can  be  made  if  he  urgc^  thrit  the 
material  is  good  enough  for  t' 
On  the  other  hand,  as  tini,e  , 
and  large  consumers  began  to  study  it 
themselves  the  behavior  of  materials  in 
service,  as  they  began  to  employ  their  own 
experts,  as  testing  machines  and  lat>ora- 
tories  began  to  increase,  as,  indeed,  a  so- 
ciety for  testing  materials  came  into  ex- 
istence and  knowledge  of  the  properties 
and  characteristics  of  materials  began  to 
widen,  it  is  evident  that  the  situation  has 
changed  and  that  where  materials  are 
bought  on  definite  specifications,  the  voice 
of  the  producer  as  to  quality  is  no  longer 
potent,  and  that  the  old  excuse  for  in- 
ferior materials,  that  they  ;>r.    1 1 I'd 

for  the   purpose,   is   no   1" 
consideration  or  weight.     1  y 

ready  to  allow  that  the  study  vi  itiatrn.ils. 
during  toth  the  process  of  manufacture 
and  their  behavior  while  they  are  in  serv- 
ice, is  a  legitimate  field  of  activity  for  lioth 
producer  and  consumer,  and.  as  is  well 
known,  we  have  persistently  urged  with 
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throws  a  valuable  side  light  on  the  ques- 
tion we  are  considering.  We  may,  how- 
ever, be  permitted  a  single  statement,  viz. : 
We  are  firmly  convinced  that  it  labor  or- 
ganizations would  devote  less  time  and 
energy  to  contention  with  employers  and 
more  effort  toward  making  the  organiza- 
tion stand  for  skill  and  plain,  simple  hon- 
esty in  workmanship,  and  for  fair  dealing 
with,  and  reasonable  devotion  to,  the  in- 
terests of  employers,  all  questions  con- 
nected with  the  recognition  of  the  union 
Vk-ould  fade  into  insignificance  and  collec- 
tive bargaining  would  be  welcomed,  nay, 
even,  sought  for,  by  those  who  are  man- 
aging the  great  industries  of  our  modern 
civilization. 

Third,  it  is  evident  that  the  engineer 
who  makes  or  finally  decides  upon  the  de- 
sign of  any  structure  carries  a  heavy  load 
of  responsibility.  He  is  first  in  the  field 
and  practically  tells  all  who  follow  what 
is  to  be  done.  He  must  decide  not  only 
the  kind  of  material  that  is  to  be  used 
but  also  the  amount  or  sizes,  and  how  it 
shall  be  disposed.  His  realm  embraces 
every  kind  of  structure,  from  the  founda- 
tions of  a  bridge  or  building  to  the  most 
minute  detail  of  a  locomotive  or  car.  In 
railroad  track  he  says  or  should  say  what 
weight  of  rail  shall  be  used,  the  number 
of  ties  per  rail,  and  the  kind  and  depth  of 
ballast.  His  knowledge  of  the  properties 
of  materials  used  in  construction  must 
necessarily  be  broad  and  comprehensive, 
and  the  field  is  so  enormous  that  there  are 
naturally  numerous  specialists,  each  being 
able  to  cover,  and  be  an  authority  in,  only 
his  own  little  paddock. 

The  engineer  who  makes  the  design 
labors  under  two  very  serious  difficulties. 
First,  it  is  not  possible,  many  times,  to 
compute  the  strains  to  which  the  whole  or 
parts  of  the  structure  will  be  subjected. 
Perhaps  we  can  make  this  point  clear  best 
by  considering  the  locomotive  driving  axle. 
The  strains  produced,  when  we  regard  the 
locomotive  as  a  vehicle,  are  simple  and 
easily  determined.  So  likewise  the  bend- 
ing moment  produced  by  the  action  of  the 
steam  on  the  piston,  as  well  as  the  torsion 
strain  produced  by  the  crank.  But  who 
can  tell  the  bending  moment  produced  by 
the  lurch  when  the  wheel  strikes  a  curve 
at  high  speed?  Who  can  even  give  a 
guess  at  the  strain  produced  when  the 
brake  is  applied,  making  an  emergency 
stop  at  si.xty  miles  an  hour?  Moreover, 
the  tendency  of  the  times  is  toward  larger 
and  larger  structures.  And  as  the  parts 
increase  in  size,  would  any  of  us  be  will- 
ing to  say  that  the  strains  in  each  part 
would  increase  directly  proportional  to  the 
increase  in  size  of  the  whole  structure,  or 
that  a  proportional  increase  in  size  of  any 
given  part  would  so  successfully  meet  the 
increased  strains  as  did  the  corresponding 
smaller  parts  of  the  original  structure? 
The  engineer  who  makes  the  design,  per- 
haps more  often  than  any  of  us,  is  at  the 
end  of  his  knowledge,  and  if  failure  comes 
due  to  defective  or  faulty  design  deserves, 
in  our  opinion,  more  sympathy  than  any 
one   else   involved. 

But  the  designer  labors  under  another 
serious  difficulty.  He  is  often  overruled 
and  prevented  from  doing  w-hat  his  judg- 
ment prompts  him  to  do,  in  the  interests 
of  safety,  by  those  who  control  expenses. 
The  construction  he  would  like  to  use 
costs  more,  and  the  management  for  eco- 
nomic reasons  demands  something  less  ex- 
pensive. Of  course,  under  these  condi- 
tions, much  responsibility  is  taken  off  the 
designer.  And  while  we  are  ready  to  al- 
low that  some  check  is  desirable,  since 
those  who  make  the  design  are,  after  all, 
human  and  naturally  will  take  care  of 
themselves,  we  cannot  but   feel  this  check 


should  be  sparingly  applied  in  all  places 
where  safety  to  human  life  is  involved. 

Fourth,  unfair  treatment.  As  already 
indicated,  there  is  a  natural  disposition  on 
the  part  of  each  of  us  to  relieve  ourselves 
from  blame  and  put  the  favdt  on  some  one 
else,  and  if  our  observation  is  worth  any- 
thing there  is  no  field  of  parceling  out 
deserts  among  those  involved  in  failures 
and  the  responsibility  therefor  more  fertile 
than  this  one  of  unfair  treatment.  This 
field  is  the  especial  paddock  of  the  maker 
or  producer  of  material.  If  a  rail  breaks 
or  fails  in  service  there  was.  says  the  rail 
maker,  something  wrong  with  the  track 
or  with  the  locomotives  or  cars  that  run 
over  it.  If  a  car  wheel  breaks  or  fails 
to  give  the  guaranteed  mileage,  the  track 
was  too  rough,  the  use  of  the  brakes  too 
severe  or  the  lading  too  heavy,  and  so  on. 
Far  be  it  from  us  to  say  that  unfair  usage 
is  not  many  times  a  legitimate  explanation 
of  failures.  If  a  freight  locomotive,  de- 
signed to  haul  a  heavy  load  at  tw'enty  miles 
an  hour  is  used  at  times  on  a  passenger 
train  at  forty  miles  an  hour,  and  in  so 
doing  shakes  herself  to  pieces,  the  fault 
is  certainly  not  in  the  materials  nor  in  the 
workmanship,  nor  in  the  design,  but  in 
the  unfair  use.  If,  due  to  the  growth  in 
size  of  locomotives  and  cars,  an  old  iron 
bridge,  designed  for  not  over  tw'O-thirds 
the  live  load  w-hich  is  actually  put  upon  it, 
gives  way  and  produces  a  disaster,  the  re- 
sponsibility rests  with  the  operating  officer 
rather  than  with  the  bridge  engineer. 
These  examples  might  be  multiplied  to 
almost  any  extent,  but  perhaps  enough  has 
been  said  to  make  the  point  clear. 

There  is,  however,  another  phase  of  this 
part  of  our  subject.  Unfair  treatment  is 
very  much  broader  than  the  obvious  mis- 
use of  a  bridge  or  of  a  moving  vehicle. 
The  materials  entering  into  a  structure 
may  be  unfairly  treated.  If  the  calculated 
strains  are  too  high,  or,  what  amounts 
to  the  same  thing,  too  low  a  factor  of 
safety  is  employed,  materials  are  unfairly 
used.  Still  further,  where  a  structure  is  a 
composite  it  may,  and  undoubtedly  does, 
often  happen  that  the  elements  making 
up  the  composite  are  unfairly  treated,  as 
when,  for  economic  reasons,  not  enough 
money  is  spent  to  properly  install  the 
structure.  For  example,  a  steel  rail  called 
upon  to  do  its  work  supported  by  too  few 
ties,  insufficient  ballast  and  a  badly  drained 
sub-grade,  is  unfairly  treated.  Moreover, 
the  state  of  repair  in  which  structures  are 
maintained  is  clearly  an  element  in  their 
fair  treatment.  If  not  enough  money  is 
spent  in  repairs  and  parts  become  weak- 
ened by  decay,  corrosion  or  wear  to  such 
an  extent  that  failure  results,  it  is  entirely 
obvious  that  the  failure  must  be  attributed 
to  unfair  treatment. 

We  have  gone  thus  quite  at  length  into 
detail  in  what  has  preceded  in  order  that 
we  might  have  definitely  before  us  the 
elements  entering  into  this  problem  and 
be  able  to  see  more  clearly  where  truth 
and  justice  lie  between  the  conflicting  in- 
terests. If  now  our  analysis  of  the  causes 
of  failure  is  accepted  as  correct,  it  is  evi- 
dent that  freedom  from  failure  in  con- 
struction depends  on  the  conscientious  and 
intelligent  action  of  four  different  con- 
tributors to  the  final  result.  The  materials 
employed  must  be  'conscientiously  and  in- 
telligently made,  and  must  be  what  they 
are  supposed  to  be.  The  workmen  who 
use  these  materials  must  do  their  work 
conscientiously  and  under  intelligent  gm- 
dance.  The  engineer  who  designs  the 
structure  must  have  abundant  knowledge 
of  the  properties  of  the  materials  he  is 
using  and  must  take  as  little  as  possible 
for  granted  in  deciding  on  shapes,  sizes 
and    kind    of    materials    to    be    employed. 


.\nd,  finally,  the  one  who  installs  and 
operates  the  structure,  when  it  is  com- 
pleted, must  keep  it  in  proper  repair  and 
look  well  to  it  that  no  duty  is  required 
of  it  which  subjects  it  to  unfair  strains. 

It  is  likewise  evident  that,  since  the  four 
parties  involved  in  successful  construction 
have  different  individualities  and  may  have 
diverse  and  even  antagonistic  interests, 
there  is  abundant  reason  why  there  should 
be  an  attemot  to  shift  responsibility  for 
failure.  .A.nd,  indeed,  we  might  perhaps 
safely  go  a  step  further  and  say  that  there 
is  abundant  reason  why  each  of  the  four 
parties  should  try  to  limit  the  part  which 
his  own  work  plays  in  the  final  result,  and 
say  plainly,  if  the  other  three  had  done  as 
they  should  there  would  have  been  no  fail- 
ure. The  man  who  furnishes  the  material 
is  tempted  to  say,  "If  the  designer  had 
allowed  a  proper  factor  of  safety  every- 
where, if  the  workmen  had  done  their 
duty,  and  if  the  structure  had  received 
only  proper  fair  treatment,  almost  any 
material  would  have  been  good  enough.'' 
The  engineer  who  makes  the  design  is 
tempted  to  say,  "if  the  material  had  been 
what  I  had  a  right  to  expect  it  to  be,  if 
the  workmen  had  done  good  work  and 
there  had  been  no  abuse  of  the  structure  in 
service,  there  would  have  been  no  failure." 
.\nd  so  on,  for  the  others.  It  is  plain 
that  the  problem  of  obtaining  successful 
constructions  is  a  complicated  one,  and 
that  the  chances  for  divided  responsibility 
which  are  involved  are  no  small  element 
in  this  problem. 

But  perhaps  we  have  said  enough  in 
analysis  of  the  causes  of  failure.  Let  us 
now  devote  a  few  moments  to  precautions 
that  may  be  taken  with  materia!  and  work- 
manship in  the  interests  of  safety;  and 
to  a  consideration  of  what  should  be  our 
mental  attitude  tow-ard  design  and  unfair 
treatment.  And  first  as  to  workmanship. 
Under  present  conditions  the  necessity  for 
close  supervision  is  evident.  Managing 
men  everywhere  recognize  this  necessity 
and  are  employing  all  means  at  hand  to 
secure  it.  We  knew  an  officer  of  a  large 
corporation  some  years  ago  who  said  to 
his  board  of  directors :  "If  you  will  al- 
low me  to  spend  $.50.IXX)  a  month  more  in 
salaries,  so  that  I  may  give  your  work  bet- 
ter supervision,  I  will  give  it  back  to  you 
four-fold."  Moreover,  with  the  growth  of 
modern  industry  and  especially  with  the 
development  of  machinery  as  an  element 
in  this  growth,  the  individuality  of  the 
workingmen  has  necessarily  diminished, 
and  the  present  industrial  ferment  of 
strikes  and  lockouts,  with  their  accom- 
panying riots  and  violence,  is,  as  we  inter- 
pret it,  the  revolt  against  this  debasement 
of  individuality.  That  the  revolt  should 
at  times  go  too  far,  that  unreasonable  de- 
mands should  be  made,  that  demogogues 
and  agitators  for  their  own  advancement 
should  get  into  positions  of<  prominence, 
is  perhaps  to  be  e.xpected.  .\s  time  prog- 
resses these  w^ill  pass.  It  takes  time  to 
bring  a  change  of  views  in  both  employed 
and  employers.  Already  there  are  signs 
of  something  better  and  our  belief  is  that 
in  the  not  far  distant  future,  as  the  result 
of  wiser  management  on  the  part  of  labor 
organizations  and  reasonable  concessions 
on  the  part  of  employers,  there  will  be  a 
return  by  the  workingmen  to  the  old-fash- 
ioned virtues  of  interest  and  pride  in  their 
work,  and  unswerving  loyalty  to  the  organ- 
izations which  they  serve.  The  effect  of 
this  change  on  the  quality  of  workmanship 
needs  no  comment. 

Second,  with  regard  to  material.  It  is 
difficult  for  us  to  see  how  any  one  who  is 
responsible  for  safety  in  structures  dare 
at  the  present  time  put  material  into  these 
structures   which   has   not   been   bought   on 
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bclorr  i.i>M»iimrr>  iiiulrrstixMl  the  dcniaiuN 
which  the  service  makes  mi  matenaU,  the 
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and  was  .ic.epte<l  .1- 

the    invesliKaliiiiis    tell    ..,., 

in   these   da>s,   when   the    -■  .    heen 

so    frequently    questioned.  much 

accuiMtdated  information  is  uN-ailable.  when 
experts  and  facilities  for  trstinc  are  so 
largely  multiplied,  we  cannot  help  feeliUK 
that  the  management  that  puts  materials 
into  service,  espciially  where  s;ifety  is  in- 
volved, wilhdul  cariiul  and  cunscientious 
inspection  and  tesiiiiK.  is  taking  a  risk  that 
it  i>  no  longer  eiuitled  to  assume.  It  is 
gratifying  to  lie  aMc  to  sec  that,  as  the 
years  go  by.  there  is  constant  and  steady 
ftrowth  in  this  field.  And  while  the  ground 
IS  still  far  from  being  covered  and  the 
number  of  standard  specifications  still  far 
to  small,  each  year  brings  some  progress, 
some   steps   forward. 

Third,  bad  workmanship  and  bad  ma- 
terials can  apparently  be  so  controlled  as 
to  secure  safety  by  sufficient  supervision 
and  by  having  proper  specifications,  with 
rigid  inspection  and  test.  But  how  alxiut 
the  unfair  trcatmeiil  of  materials,  or  the 
structures  made  from  them?  Here  no 
supervision  beyond  some  meager  legisla- 
tive enactments  and  the  condemnation  of 
public  opinion  in  case  of  disaster  is  pos- 
sible. It  is.  of  course,  true  that  those  in 
charge  of  the  construction  and  operation 
of  utilities  in  which  the  public  safety  is 
involved  are  constantly  face  to  face  with 
the  possibilities  of  heavy  losses  in  the  way 
of  damages  for  accidents,  and  no  doubt 
this  is  a  most  powerful  check  against  un- 
fair treatment.  But  it  has  seemed  to  us 
for  a  long  time  that  the  producers  of  ma- 
terial have  far  too  much  neglecle<l  their 
opportunities.  Surely  it  is  as  legitimate 
that  the  producer  should  study  the  treat- 
ment his  material  gels  in  service  as  that 
the  consumer  should  study  the  metluxls 
by  which  the  material  is  made.  It  may 
take  the  consumer  a  few  years  to  become 
familiar  with  the  idea  of  being  told  that 
he  has  not  treated  material  fairly,  since 
he  is  undoubtedly  accustomed  now  to 
thinking  that  he  can  do  what  he  wHshes 
with  what  he  has  bought  and  paid  for ; 
but  we  are  confident  there  would  have 
been  fewer  Cfmiplaints  of  material  in  the 
past  if  the  method  we  have  suggested  had 
been  in  vogue.  It  is,  of  course,  not  to  be 
understood  that  wc  arc  recommending 
howls  al)out  unfair  treatment  as  excuses 
for  inferior  materials.  What  we  have  in 
mind  is  that  careful  studies  and  investiga- 
tions should  be  made  by  the  proilucer, 
leading  up  to  demonstrations  if  p<i5sible. 
It  is  common  e.\|ieri«iK  i-  that  the  truth  is 
rcacheil  with  much  gnater  certainty  and 
speed  if  a  problem  is  attacked  by  two  par- 
ties who  approach  it  from  different  «(nnd- 
points  and  arc  actualeil  ' 
interests.  Our  whole  .\iik 
prudence  is  founded  on  tin^  iiKin..!  01 
procedure. 

Fourth,  what  shall  we  say  of  the  engi- 
neer who  makes  tin-  cIimum'  \\  .•  Ii.ive  al- 
reaily  di'.scrilied  his  ditficulties.  |M.mtrd  out 
his  limitations  and  expresse<l  our  sym- 
pathy with  him  in  his  chance  failures.  It 
remains  to  put  on  record  a  few  thoughts 
which  have  forced  them.selves  on  u.«.  not 
once  but  many  timev  .while  pre 
paper,    as     especially    when     »•■ 

the  difficulties  of   the  enKi'iecr    a -■ 

the  design.  The  truth  is  we  are  using  ma 
terials  in  construction  without  sufficient 
knowledge.  There  is  crying  nee.l  for  ex- 
perimeit.     Testing    macbiiies.    ade<|uatc    to 
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Just  a  word  in  conclusion 
am  sure,  can  contemplate  the 
which  we  have  been  trying  to  ' 
out  being  iinpressid  with  tlw 
ofttimes  antagmiistic  intere-.;-  ,....,,,., 
The  producer  of  material  is  aiixioii>  to  se- 
cure the  largest  amount  of  siicce»sful  out- 
put and  the  greatest  possible  amount  of 
reward  therefor.  The  consumer  wants  to 
limit  this  by  restrictions  as  to  quality  and 
to  obtain  the  material  at  the  lowest  pos- 
sible hguie.  The  workman's  interest  is  to 
secure  the  maximum  of  pay  for  the  mini- 
mum of  effort,  and  in  this  struggle  it  may 
perchance  happen  that  the  quality  of  work 
suffers.  The  emph  oyer's  interests  are 
clearly  the  reverse  of  the  workman's,  and 
so  on.  The  foundations  of  these  diverse 
interests  are  of  course  very  deep,  and  with 
the  present  organization  of  society  it  is  not 
easy  to  see  how  they  are  to  f>e  obliterated 
or  their  antagonism  neutralized.  But  we 
beg  to  make  one  suggestion  "  •'  '  not 
an    infusion    of    genuine    con-  ^s 

into  our  industrial  life  l>r 
tion?  If  a  little  less  enet 
in  the  mad  race  for  wi 
more  zeal  manifested  in  niainiaining  the 
rugged  virtues  of  honesty,  integrity  and 
fair  dealing,  would  not  some  of  the  fric- 
tion and  contention  of  our  present  com- 
mercial life  disappear?  We  must  all  live 
together,  ami  surely  harmony  l^  better 
than  contention.  There  arc  some  things 
in   life  of   more  value  than  money. 
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Oak:   white   plain,   M.    ft 5o.20S 

OaI<:   white,    quartered,   M.   ft..S0.000 

Pine:    yellow,    M.    ft 30.500 

Pine:    white    boards.     No.      2 

barn,    M.     ft 37.41 1 

Pine:    white    boards,      uppers. 

M     ft     97. 083 

Rope:    manilla,    ^s    in-,   lb .  aIP' 

Shingles:    cypress.    M 4.225 

Shingles:  red  cedar,   16  in..  M.     2.696 

Spruce:    M.    ft 24.000 

Steel    rails:    ton    28.000 

Tar:    bbl 2.329 

The  following  table  shows  the  average 
prices  of  Portland  cement,  natural  cement 
and  steel  rails  from  1890  to  1908  inclusive : 


49.292 

80.167 

30.500 

36.375 

96.083 

.101 

3.537 

2.012 

20.792 

28.000 

1.600 

Tear. 
Average. 
1890-1899 

1890  

1891  

1892  

1893  

1894  

1895  

1896  

1897  

1898  

1899  

1900  

1901  

1902  

1903  

1904  

1905  

1906  

1907  

1908  


Portland 

cement, 

domestic. 

Per 

barrel. 

...♦$1.9963 


1.96S8 
2.0000 
1.9667 
1.9979 
2.0479 
2. 1583 
1.8896 
1.9500 
2.0292 
1.4604 
1.4271 
1.5750 
1.6458 
1.4600 


Rosendale 
cement. 
Per 
barrel. 

$0.8871 
1.0542 
.9417 
.9688 
.8875 
.9271 
.8521 
.8333 
.7521 
.7604 
.8938 
1.0167 
1.0188 
.8646 
.8896 
.8021 
.8333 
.9500 
.9500 
.9500 


Steel  rails, 
per  ton. 
$26.0654 
31.7792 
29.9167 
30.0000 
28.1250 
24.0000 
24.3333 
28.0000 
18.7500 
17.6250 
28.1250 
32.2875 
27.3333 
2S.O00O 
28.0000 
28.0000 
28.0000 
28.0000 
28.0000 
28.0000 


•Average    1895-1899. 


ends  were  protected  by  Vsx^  in.  iron 
straps  which  extended  about  .5  ins.  up  the 
edges  of  the  rod.  These  rods  were  made 
in  a  local  carpenter  shop  and  were  painted 
by  the  rodmen  in  spare  moments.  Black 
characters  on  a  white  ground  were  used. 
Field  tests  were  made  of  various  types  of 
graduation  by  a  committee  composed  of 
division  engineers  from  the  Northern 
.'\queduct  and  Reservoir  Departments,  and 
the  form  shown  in  the  accompanying 
sketch  was  adopted  as  being  the  most  ef- 
fective. 

No  difficulty  was  experienced,  under  or- 
dinary conditions,  in  reading  distances  to 
the  nearest  foot  on  sights  up  to  1,000  ft. 
Axes,  brush  hooks  and  machetes  were 
used  for  clearing  lines.  The  brush  hooks 
were  found  most  elTective  on  vines  and 
undergrowth,  and  the  machetes  on  sap- 
lings and  brush. 

The  field  notes  were  kept  on  5x8-in. 
loose  leaves,  the  standard  size  for  all  field 
notes  of  the  Board,  the  notes  for  a  day's 
work  being  sent  to  the  office  each  night. 
None  of  these  loose  leaves  have  been  lost. 
All  directions  were  given  by  azimuths 
which  read  from  the  north  clockwise.  The 
distances  as  read  by  the  instrument  rnen 
were  corrected  by  the  use  of  correction 
diagrams  based  upon  observations  made  by 
placing  the  rod  at  measured  distances  from 
the  instrument,  the  observer  reading  the 
distances   intercepted   by   the   stadia    wires 


Field  Methods  in  Making  Topographi- 
cal Surveys  for  the  Katskill  Res- 
ervoir   for    the     New    York 
Water  Supply.* 

Topographical  plans  of  the  reservoir 
sites  were  required  for  the  determmation 
of  the  location  of  the  dams  and  dikes,  the 
relocation  of  highways  and  railroad,  the 
capacities  and  limits  of  the  reservoirs,  and 
as  an  aid  in  the  solution  of  other  problems 
involved  in  construction.  The  extent  of 
the  areas  to  be  mapped  and  the  necessity 
for  an  early  completion  of  the  surveys 
made  necessary  the  use  of  methods  which 
would  insure  the  prosecution  of  the  work 
with  a  degree  of  speed  which  was  limited 
only  by  the  accuracy  deemed  desirable.  The 
topographical  surveys  were  made  by  stadia 
with  sufficient  care  to  locate  very  closely 
the  5  ft.  contours,  buildings,  roads, 
streams,  ledge  outcrops,  swamps,  wood- 
land, etc.  The  surveys  of  the  Ashokan 
basin  on  the  Esopus  Creek  were  mapped 
on  a  scale  of  100  ft.  to  the  inch,  and  those 
in  the  Rondout  and  Vernooy  valleys  on  a 
scale  of  200  ft.  to  the  inch. 

The  field  parties  consisted  of  an  as- 
sistant engineer  in  charge,  an  instrument 
man,  a  recorder  and  four  or  five  rodmen 
and  axemen.  In  the  very  thick  woods  it 
was  impossible  to  use  more  than  two  rods 
to  advantage,  with  two  men  clearing  sights, 
while  in  the  open  it  required  the  services 
of  four  rodmen  to  keep  the  observer  busy. 
The  transits  used  were  of  standard  makes, 
with  horizontal  arcs  graduated  to  20  sec- 
onds and  vertical  arcs  reading  to  minutes. 
It  was  found  of  advantage  to  have  the 
vernier  on  the  horizontal  arc  facing  the 
observer  rather  than'  on  the  side,  thus  en- 
abling the  azimuth  to  be  read  without  the 
observer  shifting  his  position.  An  invert- 
ing eye  piece  was  used  to  obtain  the  best 
definition  possible.  The  rods  were  of 
straight-grained  white  pine,  about  14  ft. 
long,  and  weighed  about  10V4'  lbs.  In  cross 
section  they  were  4x^  in.,  with  a  stiffen- 
ing rib  l%x%  in.  screwed  on  the  back.  The 

•Extracted  from  a  paper  by  J.  S.  Lang- 
thorn  read  before  the  Brooklyn  Engineers 
Club.    Jan.    9,    1908. 
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stadia  Rod. 

in  the  particular  instrument  which  he  vvas 
using.  The  observer's  personal  equation 
was  thus  established  with  that  instrument 
in  the  regular  stadia  work.  At  least  four 
sets  of  observations  were  made,  the  ob- 
ject being  to  obtain  readings  under  dif- 
ferent atmospheric  conditions  in  order  to 
develop  a  good  average  correction  curve. 

In  order  to  distinguish  the  points  placed 
by  the  topography  parties  from  those  of 
the  real  estate  parties,  2x2xl4-in.  oak  hubs 
were  used  for  the  instrument  stations.  The 
The  points  were  marked  by  indented  gal- 
vanized iron  tacks  driven  in  the  hubs,  and 
lxl6-in.  white  pine  stakes  2  ins.  wide  at 
the  top  and  tapering  to  j-g  in.  at  the  bot- 
tom were  used  for  witness  stakes.  The 
designation  of  the  station  was  cut  in  the 
witness   stake   with   a    timber   scribe.      For 


purposes  of  identification,  each  traverse 
was  given  the  initial  of  the  chief  of  party 
and  a  letter.  The  stations  were  numbered 
in  each  traverse  consecutively  from  /  to  11; 
thus,  S-B-3  was  the  fifth  station  in  Smith's 
second  traverse.  On  reaching  the  Zth 
traverse,  an  extra  letter  was  used  and  the 
alphabet  again  run  through,  thus  S-A-A-4, 
S-A-B-r,  S-A-C-3,  etc.,  and  S-B-A-3, 
S-B-B-5,  etc. 

Each  traverse  began  at  a  station  in  the 
triangulation  system  or  in  a  previously 
completed  traverse,  and  closed  on  a  point 
in  the  triangulation  system,  another  com- 
pleted traverse  or  upon  itself. 

A  station  being  completed,  the  vernier 
was  set  on  the  azimuth  of  the  back  sight. 
Sights  for  line  were  taken  on  the  edge 
of  the  rod  which  was  set  directly  over  the 
point.  The  middle  cross  hair  was  set  on 
the  height  of  instrument  and  the  vertical 
angle  read.  The  distance  was  read  twice, 
once  setting  the  lower  cross  hair  on  an 
even  foot  and  once  setting  the  upper  cross 
hair  on  an  even  foot,  all  three  wire  in- 
tercepts being  noted  each  time.  A  simi- 
lar procedure  was  followed  at  the  for- 
ward station,  consequently  the  distance  be- 
tween main  traverse  points  was  observed 
four  times  and  the  vertical  angle  twice. 
The  magnetic  bearing  of  the  traverse  lines 
was  read  as  a  check  on  the  azimuth  ob- 
servations. It  was  customary  to  set  the 
forward  traverse  points  before  taking  side 
shots  in  order  to  eliminate  any  errors  due 
to  a  possible  slight  movement  of  the  in- 
strument during  the  taking  of  topography 
at  a  station. 

Elevations  were  carried  by  stadia,  a 
back  sight  being  taken  upon  a  point  of 
known  elevation.  To  determine  the  height 
of  instrument  above  the  point,  one  of  the 
tripod  legs  was  graduated  to  half-tenths 
of  a  foot  in  such  a  manner  that  when  the 
plumb-bob,  which  was  adjusted  so  that  the 
point  just  touched  the  hub,  was  swung 
over  against  the  tripod  leg,  the  reading 
opposite  the  plumb-bob  point  was  the 
height  of  the  instrument  above  the  stakes. 
For  the  side  shots  taken  frorn  a  sta- 
tion, the  upper  and  lower  stadia  wires  only 
were  read  and  the  middle  cross  hair  set 
on  the  height  of  instrument  to  obtain  the 
vertical  angle.  In  case  the  view  was  ob- 
structed in  the  latter  instance,  the  cross- 
hair was  set  at  an  even  number  of  feet 
above  or  below  the  H.  I.  and  the  fact  re- 
corded in  the  notes. 

In  view  of  the  fact  that  the  surveys 
were  made,  notes  taken,  computations 
made,  and  the  results  plotted  by  different 
individuals,  it  was  necessary,  in  order  to 
avoid  confusion  and  mis-interpretation  of 
the  notes,  to  establish  a  more  or  less  uni- 
form method  of  procedure.  The  follow- 
ing symbols  and  abbreviations  were  used 
in  the  field  and  office  work  to  economize 
time  and  produce  uniform  results: 

Each  rodman  kept  a  slip  of  paper  tacked 
on  the  back  of  his  rod,  on  which  the  num- 
ber of  the  shot  and  the  object  was  noted. 
The  recorder  noted  the  azimuth,  stadia 
reading,  vertical  angle  and  the  shot  des- 
ignation,   the    latter    being    the    rodman's 
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initial   and   shot   number.  .  At   the   end   of 
each  set-up  the   ^l^•t  nunil)er>  of  the  ro<l- 
men     were     chi^'M.l     by     the     rr...r,l.r     i,, 
ivoid    errors        1  he    rodtnen- 
uirned  in  each  <J.iy   with  the   : 

The  allowable  limits  of  error  111  the 
field  work  were  as   follows : 

Gosing  error  in  azimuth — not  greater 
than    lU   seconds   per   station. 

Closing  error  for  elevations— not  great- 
er than  \):2\  L. 

Closing  error  in  distance — nut  greater 
than    I'jov/.. 

/.  =  length  of  traverse  in  thousands  of 
icet. 

The  majority  of  the  traverses  closed 
will  within  the  above  limits  and  in  but  few 
instances  was  it  nece^sary  to  re-run  a 
main  traverse  line.  L'nder  favorable  con- 
ditions. lOU  to  loO  acres  were  covered  in 
a  day  by  a  single  field  party.  In  rugged 
wooiicil  country  the  progress  was  much 
less,  being  at  rates  of  from  5  to  10  acres 
daily. 


I .  < 


Methods  of   Manufacture  of  Vitrified 
Earthenware  Products. 

BY    L.     II.    E11K1:U<,    .\Sm.><-.     .M      AM.    SOC.    C.    E.* 

The  use  of  vitrified  earthenware  prod- 
ucts, such  as  electrical  conduits,  both 
multiple  and  single  duct,  sewer  tile,  wall 
copings,  flue  linings,  etc.,  is  universal.  The 
clay  which  constitutes  the  material  used 
in  the  construction  of  these  products  is 
usually  a  very  compact,  heavy,  bluish  earth 
and  has  an  apjiearance  of  having  been 
finely  ground  by  nature.  This  kind  of  clay 
has  K'en  found  in  various  parts  of  the 
country,  but  dilTcrs  in  places  as  regards  its 
consistency.  In  many  places  it  can  be  re- 
moved very  easily  by' simply  spading,  while 
in  other  localities  it  must  be  mined.  In 
the  latter  case,  in  order  to  prepare  it  for 
moulding,  it  must  be  artificially  (?round. 
.\s  to  the  depths  of  the  scams,  it  has 
been  found  generally  to  run  as  thick  as 
30  ft.,  and  is  frequently  found  very  close 
to  the  surface.  \Vhere  it  is  mined,  it  has 
been  necessary  to  go  to  as  great  a  depth 
as  100  ft.  Where  the  clay  runs  quite  close 
to  the  surface  bed,  a  steam  shovel  is  fre- 
quenllv  used  to  advantage  for  excavating 
it  and  loading  cars,  which  arc  then  run 
into  the  factors  where  hundreds  of  tons 
are  stored  under  roof  to  keep  it  from  the 
attacks  of  the  weather,  as  too  much  water 
interferes  with  the  moulding,  and  freezing 
destroys  the  adhesiveness.  This  material, 
if  not  far  distant,  is  hauled  from  the 
storage  hou^^e  in  wheelbarrows  to  a  hop- 
per which  thoroughly  grinds  the  clay  and 
properly  mixes  it  with  the  sand  and 
"grog."  which  is  introduced  at  this  point, 
besides  a  sufticient  quantity  of  water  which 
is  added  to  give  it  the  proper  plastic 
effect.  /Vbout  two  shovels  of  ordinary 
bank  sand  and  an  equal  amount  of  finely 
ground  clay  pipe  previously  cundemned, 
so-called  "grog,"  i  ''  '  •■  give  proper 
firmness   to   the    \r  re    it    reaches 

the  kiln      S«iiu-  .1.... ^r.  do  not   re- 
quire the   iiitro  liicii'iii   "I    --'"d  and  "grog" 
as  an  aid  in  giving  hrinm^s  to  the  product 
on    account    of    their    possessing    this    ele- 
ment   sufficiently.       From    thi*    point,    the 
mixture  finds  its  way  to  the 
earthenware   is  given   its   pr' 
dimensions.     There   are  two 
ods   which  obtain.     One  coi; 
as    the    screw    motlvMl    and    1 
steam-pressed     nullwd      The     first      men- 
tioned  or  screw   nutlioil   propels   the   mix- 
ture  by   means  of  a   long   worm  like   ma- 
chine placed   horizontally   and   as  the   nia- 
tcrial    is    being    continually    fed    in,    it    is 
thus   carried   along    and    is    forced   into    a 
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special    knife    provided    for    th.r 
Transverse   combings,    when-    rr 
also  applied   by   hand,  this 
means  of  a  steel  comb  pro. 
of  proper  size  and  spacing,      li.t   prv><iui.i 
as  it  leaves  the  die  is  set  vertically  on  sep- 
arate plates  and  thus  transferred  to  a  cart 
which,    when    the    load    is    made    up,    is 

wheeled    to    the    drying    to '■  '  •    •"•• 

pieces    are    kept    about    thr 
temperature  of   the   drying    : 
80°   F.  and  is  kept   very  dry. 
drying  room  is  reacheil,  the  gri' 
is  already  in  a  condition  to  enable   handl 
ing  without  danger  of  crumbling  to  pieces, 
but     after     it     is     tl. 
can  be  handled  with  b 
out  need  of  alarm.    Gr...i  ^..^ 
however    is    always    necessary, 
as    cracks    may    appear    which 
add  to  the  strength  of  the  finished  product. 
From    this    point    the    pieces    are    wheeled 
on  the  same  cars  to  the  kiln,  where  each 
individual    piece    is    provided    with    a    so- 
called   set   ring   made   up  of  the 
material   but   of   very   short   Uuk- 
about    3    ins.      The   object    ■  '    ■ 
to  take  the   weight   of  the   , 
being  burned,   besides   any 
tion   from  the  effect  of  burning.      Ihc  de- 
gree of  temperature  of  a  kiln  aftrr  il  hi» 
gotten    well    under   way   n 
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States"  type,  usually  in  G-ft.  lengths,  that 
is,  sufficiently  long  to  reach  about  "2  ft. 
below  the  sub-grade  of  the  adjacent  exca- 
vation, were  set  up  and  driven  to  full 
depth ;  after  which  the  pits  were  mucked 
out  to  within  a  foot  of  their  bottom  and 
filled  with  concrete,  the  processes  of  ex- 
cavation and  concreting  being  carried  on 
without  unwatering  the  pile  pit.  The  re- 
sult of  this  was  that  there  was  no  influx  of 
sand  under  the  piling,  as  would  have  been 
the  case  had  the  pit  been  unwatered  with- 
out having  driven  the  piling  to  a  much 
greater  depth  below  excavation.  As  soon 
as  the  concrete  in  the  pile  pit  had  set  suffi- 
ciently, the  remainder  of  the  pit  was  filled 
with  concrete  or  bracing,  and  the  work  of 
ur.derpmning  was  completed  in  the  usual 
manner.  It  is  interesting  to  note  that  in 
many  of  these  footings,  which  were  noth- 
ing more  than  large  square  piles  of  from 
1  to  2  ft.  penetration,  there  was  never  any 
evidence  of  settlement,  although  they  were 
at  times  subjected  to  a  pressure  of  as  much 
as  25  tons  per  sq.  ft.,  with  the  adjacent 
material  excavated  to  within  at  least  18  in. 
of  the  toe  of  the  steel  piling. 

Strength  of  Fife  Joint  of  Concrete. — In 
building  an  inverted  siphon  over  a  new 
river  channel  24-in.  heavy  cast  iron  water 
pipe  was  used  with  four  4.5-degree  elbows 
to  turn  the  pipe  from  the  land  level  down 
to  the  bed  of  the  river  and  back  up  again. 
The  joints  were  all  packed  with  concrete 
and  held  the  water  perfectly.  Later  a  great 
flood  came  in  the  river  and  washed  out  the 
filling  under  one  of  the  pipes  and  at  an 
elbow  at  one  end.  The  12-ft.  len./th  of 
pipe  weighed  2.500  11)S.  and  the  4-ft.  elbow 
weighed  1,000  lbs.  The  concrete  in  those 
two  joints  held  the  weight  of  3,500  lbs.  for 
some  months  until  it  was  convenient  to  fi.x 
it  up. 

Cost  of  a  Concrete  Water  Cushion  for  a 
Weir. — In  connection  with  the  repairing  of 
a  concrete  weir  which  had  been  undermined 
by  a  flood  a  water  cushion  was  constructed 
to  prevent  the  erosion  of  the  ground  by  the 
water  flowing  over  the  weir.  The  water 
cushion  was  1,150  ft.  long,  12  ft.  deep,  witli 
a  lip  3  ft.  high,  into  which  the  water  drops 
and  forms  a  cushion.  The  cushion  was 
constructed  of  reinforced  concrete,  its  cost 
being  as  follows : 

Per  cu.yd. 
Total,  concrete. 

Form     work     $    917  $0,940 

Form  material    641  .660 

Steel    work     (reinforcement)      327  .385 

Steel   material    1.617  1.660 

Mixing  and  placing  concrete  1.094  1.115 

Cement     2.952  3.040 

Gravel      1,600  1.650 

TotaJ     $9,148  $9,450 

The  total  amount  of  concrete  was  967% 
cu.  yds.,  and  the  total  amount  of  steel  used 
was  61,549  lbs.  Cement  cost  about  $1.27 
per  barrel,  and  gravel  cost  about  $1.25  per 
cubic  yard.  Common  labor  was  about  $2.50 
per  daj-  of  eight  hours. 

Handling  Concrete  for  an  S-Story  BiiilJ- 
ing. — In  constructing  an  8-story  and  base- 
nwnt  office  building  of  reinforced  concrete, 
the  following  method  was  used  in  handling 
the  concrete :  A  tower  was  erected  up 
one  side  of  which  the  hoist  track  was 
placed  and  on  a  platform  some  30  ft.  above 
the  work  on  the  building  was  a  hopper  hav- 
ing a  capacity  of  two  or  three  batches  of 
concrete.  The  tower,  track  and  hopper 
were  elevated  as  the  work  progressed 
story  by  story.  From  the  hopper,  controlled 
by  a  gate,  the  concrete  was  run  into  a  7-in. 
galvanized  iron  pipe  of  movable  sections 
and  one  or  more  ball-bearing  joints,  and 
delivered  on  the  work  where  desired.  At 
first  some  difficultj'  was  experienced  in  se- 
•  curing  the   right   sized  pipe,    but     it     was 


found  that  a  7-in.  pipe  was  about  right. 
By  running  a  little  water  in  the  pipe  be- 
fore starting  and  afterwards  to  clean  it 
out,  little  or  no  trouble  was  had.  This 
gravity  system  proved  very  satisfactory 
both  in  reducing  the  labor  force  and  also 
in  doing  away  with  the  running  over  the 
form  work  and  the  newly  deposited  con- 
crete by  a  large  force  of  laborers.  It  also 
gave  a  concrete  of  very  uniform  consist- 
ency, in  that  if  too  dry  it  would  choke  up 
the  pipe  and  if  too  wet  the  aggregate 
would    separate. 


Personals. 

JVIr.  Robert  H.  Richards,  professor  of  min- 
ing and  metallurgy  in  the  Massachusetts  In- 
stitute of  Technology,  is  devoting  several 
weeks  to  professional  work  in  and  about 
Denver,  Colo. 

At  a  meeting  of  the  Engineers'  Club  of 
Cincinnati  on  June  17,  Mr.  A.  Elliott  r,.im- 
berley,  of  Columbus,  O.,  Special  Assistant 
Engineer  of  the  Ohio  State  Board  of  Health, 
delivered  a  lecture  on  "Sewage  Purification." 

Mr.  John  E.  Bricson,  for  the  past  12  years 
City  Engineer  of  Chicago,  111.,  has  been 
knighted  with  the  order  of  Vasa  by  King 
Gustaf  V.  of  Sweden.  Mr.  Ericson  was  born 
in  Sweden,  but  has  resided  in  Chicago  for  28 
years. 

Mr.  Wm.  H.  Mader  has  resigned  as  super- 
intendent of  the  property  of  the  Pioneer 
lease,  Rhyolite,  Nev.,  and  will  again  enter 
the  service  of  the  Devereaux  Enginee'-ing 
Co.,  New  York  City.  H.  F.  Callett,  mining 
engineer,  who  has  been  operating  in  British 
Columbia,   will  succeed  him. 

Mr.  Charles  H.  Fitch  has  resigned  his  posi- 
tion as  Engineer  and  Executive  Officer  of  the 
V.  S.  Reclamation  Service  and  will  become 
identified  with  an  important  irrigation  de- 
velopment in  the  State  of  Idaho.  Mr.  Fitch 
has  been  identified  with  many  important 
features  of  the  work  of  the  U.  S.  Reclama- 
tion Service  since  its  organization,  and  ren- 
dered valuable  service  to  the  Government  in 
many  capacities  along  the  lines  of  its  tech- 
nical work.  .\s  topographer  in  the  Geological 
Survey,  as  chief  of  the  suiweying  division  of 
the  General  Land  Ofl^ce.  as  head  of  tlie  pub- 
lic land  surveys  of  Indian  Territory,  as  hy- 
drographer  in  the  Geological  Survey,  and  as 
engineer  in  the  Reclamation  Service,  his 
work  has  been  of  great  value  in  various  lines 
of  surveying,  engineering  and  administra- 
tion. 

The  U.  S.  Civil  Service  Commission  will 
receive  applications  until  July  21  for  con- 
sideration in  connection  with  filling  vacancies 
in  the  position  of  designer  of  bridges  and 
buildings  of  steel  and  reinforced  concrete,  in 
the  Philippine  Service,  at  a  salary  of  $1,800 
to  $2,000  per  annum,  according  to  qualifica- 
tions. For  tills  position  not  less  than  four 
years'  experience  in  responsible  positions  is 
requisite  (three  years  if  the  applicant  is  a 
technical  school  graduate),  of  which  at  least 
one  year  must  have  been  in  the  class  of 
work  above  specified.  No  educational  exam- 
ination will  be  given  for  this  position,  but 
applicants  will  be  required  to  file  forms  set- 
ting fortli  their  general  and  technical  educa- 
tion, their  general  experience  and  their  ex- 
perience in  the  special  line  of  work  called 
for,  and  a  technical  description  of  some  im- 
portant engineering  work  upon  which  they 
have  been  employed.  Applicants  should  at 
once  apply  to  the  United  States  Civil  Service 
Commission,  Washington,  D.  C.  for  applica- 
tions forms  2  and  375. 

Henry  F.  Baldwin.  Chief  Engineer  of  the 
Oregon  &  Wasliington  R.  R.,  a  Hari'iman 
line,  died  recently  at  his  home  in  Seattle, 
Wash.  Mr.  Baldwin  was  born  at  Waterbury, 
Md..  in  1S62  and  was  graauated  from  Massa- 
chusetts Institute  of  Technology  in  the  class 
of  1884.  He  then  entered  the  service  of  the 
Louisville  &  Nashville  R.  R.  as  a  rodman, 
and  he  remained  with  that  road  imtil  1889, 
at  wliich  time  he  had  been  advanced  to  L.ie 
position  of  roadmaster.  From  1SS9  to  1890  he 
was  a  division  roadmaster  tor  the  New  York, 
Lake  Erie  &  Western  R.  R..  and,  in  the  lat- 
ter year,  he  became  Chief  Engineer  of  the 
Chicago  &  Eastern  Illinois  R.  R.  In  May, 
1894,  he  became  Chief  Engineer  of  the  Chi- 
cago, Peoria  &  St.  Louis  Ry.  Subsequently 
he  was  Engineer  of  Maintenance  of  Way  of 
the  Erie  R.  R.  at  Jersey  City.  N.  J.,  from 
1S95  to  1900,  and  Chief  Engineer  of  the  Chi- 
cago &  Alton  Ry.  from  1900  to  1904.  In  Janu- 
ary', 1904.  he  gave  up  railway  work  to  be- 
come Vice-President  and  General  Manager  of 
the  Du  Pont  Powder  Co.  He  resigned  this 
position  about  two  years  ago  to  take  up  rail- 
road work  at  Seattle. 


Catalogs  Worth  Having. 

Engineers  and  contractors  should  have 
on  file  the  latest  catalogs  of  machines, 
tools  and  supplies  that  they  use.  In  sending 
for  catalogs  reviewed  or  advertised  in 
this  paper,  you  will  confer  a  favor  on  us 
if  you  will  write  direct  to  the  advertisers 
and  state  that  you  saw  the  catalog  men- 
tioned in  Engineering-Con  TRACT  no.  If 
you  are  in  the  market  for  tools,  machinery 
or  supplies,  tell  us  and  we  will  notify 
promptly  the  leading  manufacturers. 

No.      1297.        Portland     Cement Marquette 

Cement    Manufacturing    Co.,    Chicago.    III. 

Two  pamphlets  issued  by  the  above  named 
company  giving  very  handsome  views  of  the 
new  $20,000,000  terminal  of  the  Chicago  & 
Northwestern  Ry..  and  of  the  new  196x200  ft. 
20-story  building  at  Chicago  of  the  People's 
Gas  Light  and  Coke  Co.,  in  the  construction 
of  which  Marquette  cement  is  being  used. 

No.  1298.  Buyers'  Guide.— H.  O.  Conklin 
Equipment   Co.,    Harvey,    111. 

This  pamphlet  lists  the  new  and  second 
contractors'  machinery  (for  sale  by  this 
company  giving  prices,  terms  and  concise 
descriptions.  This  is  a  very  handy  list  for 
contractors  to  have  on  file. 

No.  1299.  Ransome  Mixer. — Ransome  Con- 
crete Machinei'y  Co..   Dunellen.   N.  J. 

This  36-page  pamphlet  gives  the  salient 
facts  in  the  development,  patent  protection 
and  construction  of  the  Ransome  mixer  with 
tables  of  sizes,  dimensions,  etc. 

No.  1300.  The  Home  of  Good  Paint.— De- 
troit Graphite  Co..  Detroit.  Mich. 

This  is  a  handsomely  printed  pamphlet  ex- 
plaining briefly  the  facilities  which  the  De- 
troit Graphite  Company  enjoy  and  possess 
for  the  manufacture  of  good  paint;  also 
describing  the  extreme  care  that  is  exer- 
cised in  the  preparation  of  every  gallon  of 
its  product. 

No.  1301.  Marsh  Pumping  Machinery. — 
American  Steam  Pump  Co.,  Battle  Creek, 
Mich. 

This  is  a  very  good  catalog  of  136  pages. 
Each  class  of  pumps  is  described,  its  opera- 
tion is  explained  and  its  details  illustrated. 
Full  tables  of  dimensions,  capacities,  etc.. 
are  ^iven.  Tlie  li.sts  and  detail  tables  have 
been  arranged  with  care,  and  in  convenient 
form  for  reference  and  comparison-  The 
various  lines  cover  sizes  and  combinations  to 
meet  ordinary  requirements,  from  whicli  a 
suitable  selection  may  be  readily  made. 

No.  1302.  Diesel  Engines. — Adolphus  Busch 
Purchaser  American  Diesel  Engine  Co., 
South  Side  Bank   Building,   St.   Louis,   Mo. 

This  is  a  useful  catalog.  The  development, 
theory,  operation  and  construction  of  the 
engines  are  described  and  illustrated.  Engi- 
neers interested  in  gas  power  should  secure 
this  pamphlet. 

No.  1303.  Tubular  IVIethod  of  Reinforced 
Concrete  Construction. — Concrete  Column  & 
Construction   Co..   Detroit,   Mich. 

This  pamphlet  describes  and  illustrates  an 
UBique  and  interesting  method  of  reinforced 
concrete  building  construction  of  separately 
molded  members.  The  pamphlet  says: 
"Herein  are  indicated  a  few  of  the  results 
derived  from  an  exhaustive  study  of  the 
problem,  or  rather  several  of  the  problems 
that  confront  those  who  would  employ  con- 
crete in  the  construction  of  buildings.  Five 
years  of  systematic  developinent  and  practi- 
cal test  have  demonstrated  that  the  princi- 
ples upon  which  the  tubular  method  is  based 
are  correct.  Reduced  to  practice  it  accom- 
plishes the  erection  of  reinforced  concrete 
buildings  without  elaborate  falsework,  and 
so  greatly  does  it  facilitate  the  several  tasks 
of  the  builder  that  even  the  largest  struc- 
tures may  now  be  erected  at  a  speed  that 
must  satisfy  the  most  impatient.  In  sup- 
planting the  wooden  forms,  concrete  itself 
is  made  to  take  the  place  of  wood,  and  when 
fresii  concrete  is  poured  in,  it  adheres  to  the 
rough  inner  surface  of  the  tube  or  shell,  and 
the  column  or  beam  is  complete.  There  is 
no  waiting,  and  nothing  to  remove,  and  in 
the  most  advanced  applications  of  the 
method,  nothing:  to  add,  since  the  final  fin- 
ish, whether  rough.  polished,  inlaid  or 
veneered,    has  been   applied  at  the  factory." 

No.  1304.  Recording  Gage.  —  The  Bristol 
Co.,   Waterbury,   Conn. 

Illustrates  various  types  of  gages  for  re- 
cording all  commercial  ranges  of  pressure 
and  vacuum. 
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